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Preface

In recent years, the practice of orthodontics has undergone major technological develop-
ments, including artificial intelligence. It is now more important to develop the necessary
skills to understand the functioning and impact of these technologies on orthodontics. This
should help identify gaps in our understanding of emerging technologies and new trends.

Artificial intelligence and digitalization are powerful tools that offer solutions to unresolved
and poorly managed challenges. New trends in orthodontics make use of the advances

that are being made in digital and clinical research. The finesse and sophistication of the
techniques used in this discipline should allow the practice of orthodontics to defy the laws
of nature.

This book explores current trends in orthodontics.

Section 1 consists of four chapters that focus on current evidence on tooth movement.
Chapter 1 discusses biomarkers in saliva and gingival crevicular fluid during orthodontic
treatment. Chapter 2 highlights the symbiosis between orthodontics and periodontics.
Chapter 3 provides an update on some current methods of accelerating orthodontic dental
movements. Chapter 4 explores the risk of root resorption during orthodontic treatment.

Section 2, which deals with digitization and workflow, includes four chapters that address
issues related to modelization, workflow in an orthodontic practice, and the use of digital
set-up for both orthodontic and orthognathic surgery planning.

Section 3 is dedicated to orthodontic techniques. It contains seven chapters covering
recent trends in clinical techniques such as the use of bone screws, the predictability of
orthodontic movement by aligner, the role of the orthodontist in the management of sleep
apnea, and the assessment of orthodontic pain perception.

The final section deals with early treatment and includes three chapters highlighting the
importance of the place of clinical treatments in our therapeutic arsenals.

I am grateful to the contributing authors for the science, creativity, time, and effort they
put into their chapters.

Farid Bourzgui, D.M.D. MSc
Professor,

Department of Orthodontics,
Dental School,

Hassan II University of Casablanca,
Casablanca, Morocco
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Chapter1

Orthodontic Therapeutic
Biomarkers in Saliva and Gingival
Crevicular Fluid

Sagar S. Bhat, Ameet V. Revankar
and Shrinivas M. Basavarvaddi

Abstract

Several biologically active substances representing the bone deposition and
resorption processes are released following damage to periodontal tissue during
orthodontic movement. Biomarkers are by definition objective, quantifiable char-
acteristics of biological processes. The analysis of saliva/salivary fluid and Gingival
crevicular fluid (GCF) may be an accepted way to examine the ongoing biochemical
processes associated with bone turnover during orthodontic tooth movement and
fixed orthodontic treatment pain. Assessing the presence of these salivary physiologi-
cal biomarkers would benefit the clinician in appropriate pain diagnosis and manage-
ment objectively of various problems encountered during the orthodontic procedures
and for better outcome of biomechanical therapy. Due to lack of standardized col-
lection procedure, even though well accepted by patients, saliva is often neglected
as a body fluid of diagnostic and prognostic value. A literature search was carried
out in major databases such as PubMed, Medline, Cochrane library, Web of Science,
Google Scholar, Scopus and EMBASE for relevant studies. Publication in English
between 2000 to 2021 which estimated Saliva markers as indicators of orthodontic
tooth movement was included. The list of biomarkers available to date was compiled
and is presented in table format. Each biomarker is discussed separately based on the
available and collected evidences. Several sensitive salivary and GCF biomarkers are
available to detect the biomechanical changes occurring during orthodontic tooth
movement and pain occurring during fixed orthodontic therapy. Further focussed
research might help to analyze the sensitivity and reliability of these biomarkers or
cytokines, which in turn can lead to the development of chairside tests to assess the
pain experienced by patients during orthodontic therapy and finally the outcome of
the fixed orthodontic therapy.

Keywords: fixed orthodontic therapy, molecular biomarkers, saliva, GCF, objectivity

1. Introduction

Biomarkers are—quantifiable criteria of biological processes that provide indica-
tions objectively. During the orthodontic procedure, the analysis of saliva/salivary
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fluid and Gingival crevicular fluid (GCF) may be examined to monitor biological
process/progress.

In the orthodontic treatment, emphasis is on the point of patient care for the best
results, by growth modification of the craniofacial region along with alveolar bone
remodeling during fixed orthodontic procedure [1]. Induction of biologically active
compounds occur inside the periodontium due to the orthodontic treatment which
eventually induces cellular response in different microenvironment for biological
response [1]. Orthodontic treatment is considered successful by three major fac-
tors namely periodontal health, oral hygiene and optimal orthodontic forces [1, 2].
Availability of newer techniques have reduced lateral effects like, pain, periodontal
diseases, abbreviate the treatment period and limit iatrogenic damages like root
resorption and development of nonvital teeth. The sequential events that occur
following the orthodontic tooth movement (OTM) can be illustrated by the released
molecules, regarded as biomarkers [1, 2]. Biomarkers are attributes that can be
quantified, these can the indicators of biological processes which may be normal or
pathogenic and/or other metabolic processes [3, 4]. Other important features of the
biomarkers are specificity and sensitivity, which will have the ability to notify the
biological conditions/changes occurring during any process/procedures [4]. Adequate
knowledge about the cellular and biological processes makes it easier to understand
the biological mechanics that can shorten the treatment time avoiding the detrimental
effects linked to the orthodontic treatment due to its objective characteristics [3, 4].

In the orthodontic treatment, emphasis is on the point of patient care for the
best results, by growth modification of the craniofacial region along with alveolar
bone remodeling during fixed orthodontic procedure [1]. Induction of biologically
active compounds occur inside the periodontium due to the orthodontic treatment.
This induces cellular response in different microenvironment for biological response
[1]. Orthodontic treatment is considered successful by three major factors namely
periodontal health, oral hygiene and optimal orthodontic forces [1, 2]. Availability
of newer techniques have reduced lateral effects like, pain, periodontal diseases,
abbreviate the treatment period and limit iatrogenic damages like root resorption
and development of nonvital teeth. The sequential events that occur following the
orthodontic tooth movement (OTM) can be illustrated by the released molecules,
regarded as biomarkers [1, 2]. Biomarkers are attributes that can be quantified, these
can be the indicators of biological processes which may be normal or pathogenic and/
or other metabolic processes [3, 4]. Other important features of the biomarkers are
specificity and sensitivity, which will have the ability to notify the biological condi-
tions/changes occurring during any process/procedures [4]. Adequate knowledge
about the cellular and biological processes makes it easier to understand the biological
mechanics that can shorten the treatment time avoiding the detrimental effects linked
to the orthodontic treatment due to its objective characteristics [3, 4].

Forces induced by orthodontic therapy stimulates periodontium cells to release
many chemical intermediaries like cytokines. The cytokines contribute immensely in
the periodontal and alveolar bone remodeling, bone resorption and new bone deposi-
tion [5]. During the process of bone metabolism, the biomarkers are released into the
circulation which indicates bone remodeling activity comprising of both osteoblastic
deposition and osteoclastic resorption. Systemic circulation in the orthodontic
patients indicates the skeletal maturity, this can be detected using biomarkers.

And their detection locally, in saliva and gingival crevicular fluid (GCF), indicates
the advancement of orthodontically induced alveolar bone remodeling [4]. Many
research studies have been executed, suggestive of presence of array of molecules
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indicating the skeletal growth turnover. The assessment of molecular biomarkers of
bone remodeling in the body fluids such as saliva, GCF etc., would guide the clini-
cians to arrive at a better treatment plan for orthodontic therapy at the ideal time and
estimate the advent of the treatment [4, 5].

Saliva is considered a medium for the microbes and transport, which is affected by
status of oral health and the quantity and types of bacteria present in the oral cavity.
It is also comprising of innate immune factors and various salivary defense proteins.
The fixed orthodontic therapy induces site-specific bone resorption and formation
and cytokines which are released from periodontal ligament (PDL) cells.

The complex combination of serum, host inflammatory cells, structural cells of
oral bacteria and the periodontium leads to the formation of the GCF which arises
from the plexus of gingival blood vessels in the gingival corium, lying underneath to
the epithelial lining of the dentogingival space. It can be isolated from healthy sulcus
aswell [3, 5].

The origination of GCF components is from blood, subgingival plaque and host
tissues. Presence of the transudate of the gingival interstitial fluid due to the osmotic
gradient in the healthy periodontium is observed. There will be a steady increase in
the volume with inflammation and greater capillary permeability [6]. Previously GCF
was known as continuous transudate but currently it is considered as inflammatory
transudate [7]. GCF comprises of host-derived substances which includes cytokines,
antibodies, tissue degradation products and enzymes [8]. The inflammatory exudate
increases by more than 5-fold during the inflammatory conditions, such as periodon-
tal disease and gingivitis [9].

Orthodontic forces result in a condition which can be described as a consequence
of the orthodontic force, a condition persists that involves a series of inflammation
and repair intended at converting it into normal tissues and [10] according to some
reports GCF reflects the immune reactions arising from both orthodontic force
application and periodontitis [11, 12].

Nowadays many biomarkers are detected using saliva. It was recently discovered
that several new isoforms for Nerve Growth Factor (NGF), Brain derived Neurotropic
Factor (BDNF) and Calcitonin gene-related peptide (CGRP) were found in the saliva
[3]. Identification of these isoforms can be utilized to develop subtle ways that can be
considered to be methods to detect and analyze markers related to pain. The nuclear
factor kappa B ligand and of the nuclear factor kappa B/osteoprotegerin (RANK/
RANKL/OPG) signaling pathway being one of the several key factors that initiated
the commencement of osteoclasts. The recruitment, differentiation and survival of
osteoclasts are facilitated by the osteoblasts [12] which secretes a molecular biomarker
RANKL. Induction of differentiation of immature osteoclasts into functional cells are
due to the binding of RANKL with RANK (expressed at the surface of the osteoclast).
Osteoblasts produce OPG which acts as a soluble receptor for RANKL. This inhibits
the terminal stages of osteoclast differentiation [12].

Pain and discomfort are inevitable during orthodontic treatment [13].
Conventionally, the degree of pain is assessed subjectively using many pain scales
[14]. Assessing pain objectively using salivary physiological biomarkers would benefit
the clinician for appropriate pain diagnosis and management [13, 15]. The role of
saliva in the diagnostic and prognostics is side-lined due to unavailability of a stan-
dardized collection procedure, even though well accepted by patients [3].

The neuropeptide, NGF protects the neurons and regenerates them. It plays an
important role in hyperalgesia and its concentration increases during inflamma-
tion which is up regulated in response to noxious stimuli [16]. The occurrence and
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development of pain and hyperalgesia are credited to be due to the role of CGRP and
BDNF. CGRP and BDNF has been implicated in migraine and headache based on
increased saliva and plasma concentrations during active pain periods [16, 17].

Only a few studies have investigated the levels of these above-mentioned neuro-
peptides in saliva [16-18]. Several patients describe much longer periods of pain and
discomfort which are common during the first 1 or 2 days of the orthodontic treat-
ment. Scheurer et al. reported that even after 7 days of insertion of a fixed appliance,
25% of all investigated patients still reported pain [19]. According to measurements
at 4 hand 24 h, the intensity of pain generally increases with time, but falls to nor-
mal levels after 7 days of the orthodontic treatment [19]. Biomarkers can be used to
characterize the sequential events following OTM. The rate, amount, and the activity
of the released substances/biomarkers indicates the activity of individual cells and
the metabolic activity involved in the tissues and organs [1]. These potential biologi-
cal markers can be collected from different tissue samples. The sampling is done as
per the required biomarker and the biological processes to be studied [1, 20]. Several
possible biomarkers representing many of these biological changes during specific
phenomenon like pain experienced during orthodontic treatment pain, bone remod-
eling, inflammation and root resorption have also been proposed [20]. The clinical
application can be developed from the knowledge of biomarkers that can accelerate
the orthodontic treatment as well.

2. Phases of orthodontic tooth movement (OTM)

There are two types of tooth movement namely: OTM and Physiological tooth
movement. The physiological tooth movement occurs slowly in the cancellous bone
in buccal direction or the cortical bone [21]. In contrast, OTM can occur both rapidly
or slowly, it depends on the rate, physical characteristics and amount of the force
application and the biological response of the Periodontal Ligament (PDL) [22]. The
orthodontic force application can change the dental and paradental tissues, including
the PDL, alveolar bone, dental pulp and gingiva resulting in pressure and tension sites
at the tooth region [23].

Perinetti et al. [24] through their research study state that, one bone remodeling
cycle involves four main phases namely: activation, bone resorption, reversal, and
bone formation. Recent studies have exhibited that several enzymes are expressed
during these phases which have been designated as biomarkers during bone remodel-
ing namely Tartrate-resistant Acid Phosphatase (TRAP), Alkaline Phosphatase (ALP),
Lactate Dehydrogenase (LDH), Aspartate Aminotransferase (AST), and many more.

Orthodontic therapy involves the supervision, guidance and correction of growing
and maturing dentofacial structures which is based on the principle that if the teeth is
subjected to prolonged pressure, consequently it will lead to remodeling of the bone.
This OTM is exemplified by the remodeling of dental and paradental tissues [21].

In 1962, Burstone [25] stated the three phases of tooth movement, when rates of
tooth movement are plotted against time:

1.Initial phase
2.Lag phase

3. Post-lag phase.
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Phase I 24 h-2 days Acute inflammatory response

(initial) Initial tooth movement ~ Vasodilation-migration of leucocytes-release of cytokines-cell
within the socket signaling molecules (metabolic products of paradental remodeling)

Phase II 20-30 days Chronic inflammation

(arrest) Movement stops Continuation of migration of leucocytes

Paradental remodeling

Phase III 40 days of accelerated Another period of acute inflammation superimposing the on-going
(acceleration) tooth movement after chronic inflammation
initial force application

Phase IV Overall tooth Recruitment of macrophages, fibroblasts, osteoblasts, and
(linear) movement osteoclasts Alkaline phosphatase activity
Table 1.

Phases of orthodontic tooth movement [27].

1. Initial phase: is described by immediate and quick movement which occurs in time
period between 24 h to 48 h after the preliminary orthodontic force application to
the tooth. This rate is largely recognized to the tooth movement in the PDL space.

2.Lag phase: The duration of this phase lasts up to 20-30 days which relatively
shows little to no tooth movement. In this phase the region in which compression
is applied, such region demonstrates the PDL hyalinisation. No subsequent tooth
displacement occurs until the cells remove the necrotic tissues completely.

3. Post-lag phase: follows the lag phase, where the rate of tooth movement
increases [26].

Pilon et al. [27, 28] divided the curve of tooth movement into four phases
(Table 1). The GCF of tooth movement contain the biomarkers that indicate these
phases and signaling pathways. Considerable increased levels of concentrations of
cytokines responsible for inflammation and prostaglandins are observed.

The tissue changes that are involved during OTM includes compression region
(which involves osteoblasts), tension region (which involves osteoclasts), pulp tissues
and dental root [29]. Several possible biological factors or biomarkers representing
these biological changes during particular phenomenon that is, bone remodel-
ing. Inflammation and root resorption, have been identified. Similarly, lactic acid
dehydrogenase (LDH) and dentin sialophosphoprotien (DSPP) are also potentially
observed. A research study suggests that using sampling from four different sampling
procedures, that is, saliva, GCF, tissue (biopsy), and serum, the biomarkers indica-
tive of the ongoing biological processes can be identified [29]. The suggested amount
and concentration of biomarkers during OTM are the best and practical sampling or
testing procedure indicative of the biological phenomenon. The amount of precise
force application and duration that should be used for each tooth during OTM can
be decided based on the knowledge of these biomarkers. Ultimately, it produces an
optimal treatment with mild side effects or accelerate the treatment [29].

3. Saliva and biomarkers

Most of the laboratory diagnostic procedures involves the analysis of the cellular
and biochemical constituents of the blood. Saliva can be used in the diagnosis of
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several diseases. This can be feasible and valuable for children and older adults due to
the ease of collection of the fluid [30]. Saliva can be classified into two types: gland-
specific saliva and whole saliva. It is feasible to collect saliva specific to different
glands from individual salivary glands namely: parotid, submandibular, sublingual
and minor salivary glands. Since the secretions from both the submandibular and
sublingual salivary glands enter the oral cavity only through single duct known as
Wharton’s duct [31], hence collection of the saliva from submandibular and sublin-
gual glands separately is challenging.

Orthodontists generally aims to gain ideal orthognathic conditions with fewer
treatment times i.e.; shorter treatment time with longer treatment intervals with
fewer appointments [32]. Conversely, when heavier force is applied to accelerate tooth
movement, the oxygen tension in the periodontium will be conceded due to reduced
vascular supply [33]. This will risk or expose the healthy supporting alveolar bone
and periodontal structure leading to the slow progress of the treatment. In order to
supervise the orthodontic tooth movement in a non-invasive approach in human
beings, the alterations that appear during the examination of the profile and levels
of various cytokines, enzymes, growth factors, and proteoglycans in saliva and GCF.
Evidences support the elevated levels of several biomarkers or cytokines, that is,
interleukin (IL)-1p, IL-6, epidermal growth factor (EGF), prostaglandin (PG) and
proteoglycans, in the saliva and GCF [34-36]. Components of GCF namely ALP,
TRAP, LDH and AST have been recognized to be potential biomarkers during OTM
[37-40]. Study conducted by Shahrul et al. [41] showed that ALP, TRAP, and LDH
also existed in saliva. Orthodontic treatment using a surface-enhanced laser desorp-
tion/ionization time of flight mass spectrometry (SELDI-TOF MS) approach the
effects of the orthodontic treatment on salivary proteins has been performed as per
the study by Zhang et al. [42]. The outcome of this approach determined the relatively
low molecular weight proteins but not the identity of these proteins. Only the expres-
sion profile was cross-examined.

Saliva has protective and anti-microbial properties and contains a variety of
growth factors [43, 44]. Saliva helps in the easy digestion of the food since it has
lubricating functions [45]. The role of saliva and different salivary constituents
responsible for its functions are summarized below in Table 2 [30].

Salivary protein concentration ranges from 2 to 5 mg/mL which constitutes about
3% of the protein concentration of blood. Numerous proline-rich glycoproteins,
immunoglobulin A and amylase are the major secretory proteins of the parotid glands,
other antibacterial salivary proteins include lysozymes, peroxidases and lactofer-
rin. Submandibular and sublingual glands contribute mucous glycoproteins to oral
fluid. Pathological analysis can be carried out using the saliva produced by specific
glands. Since saliva contains constituents of other serum, whole saliva is used for the
diagnosis of systemic diseases. The gingival fluid flows into the oral cavity. The constit-
uents of gingival fluid can be derived from the local vasculature of the salivary glands.
Analysis of saliva perhaps be useful for the diagnosis of different hereditary disorders,
endocrine disorders, malignant, autoimmune and infectious diseases, as well as in the
assessment of therapeutic levels of drugs and in the monitoring of illicit use of drugs.

Evaluation of the fluids from the individual salivary glands can help in detecting
the infection and obstruction. Mixture of oral fluids can be present in the whole saliva
or mixed. This may include the secretions from both the major and minor salivary
glands including several constituents of non-salivary origin. The fluids of non-
salivary origin may include expectorated bronchial and nasal secretions, GCF, serum
and blood derivatives from oral wounds [46-49].
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Functions salivary components involved:
1. Protective functions
* Lubrication—Mucins, proline-rich glycoproteins, water.

* Antimicrobial—Amylase, complement, defensins, lysozyme, lactoferrin, lactoperoxidase, mucins,
cystatins, histatins, proline-rich glycoproteins, secretory IgA, secretory leukocyte protease inhibitor,
statherin, thrombospondin.

* Growth factors—Epidermal growth factor (EGF), Transforming growth factors (TGF-a), TGF-p,
fibroblast growth factor (FGF), insulin-like growth factor (IGF-I & IGF-II), Nerve growth factor
(NGF).

* Mucosal integrity—Mucins, electrolytes, water.

¢ Lavage/cleansing—Water.

* Buffering—Bicarbonate, phosphate ions, proteins.

* Remineralization—Calcium, phosphate, statherin, anionic proline-rich proteins.
2.Food- and speech-related functions:

* Food preparation—Water, mucins.

* Digestion—Amylases, lipase, ribonuclease, proteases, water, mucins.

» Taste—Water, gustin.

* Speech—Water, mucins.

Table 2.
The major functions of saliva [30].

Evaluation of the systemic disorders is done by the salivary analysis of the whole
saliva collected with or without stimulation. There are two procedures to collect
the saliva using stimulation, they are gustatory stimulation (i.e., application of
citric acid on the subject’s tongue [50]; or by masticatory action (i.e., from a subject
chewing on paraffin). Constituents, pH and concentration of the fluid depends on
the quantity of saliva collected by the stimulation method. Unstimulated saliva is
collected without gustatory, masticatory, exogenous or mechanical stimulation. The
factors that affect the salivary flow rate depends on the degree of hydration, olfactory
stimulation, exposure to light, body positioning, seasonal and diurnal factors. There
are two appropriate methods to collect the saliva, they are by the draining or drooling
method, in which saliva can drip off the lower lip. In the second methods which is the
spitting method the subject expectorates saliva into a test tube [51].

Specialized epithelial cells make up the salivary glands, based on their structure,
these cells can be divided into two specific regions: the ductal and acinar regions.
During the primary salivary secretion, the ductal cells actively absorb most of the
Na® and CI” ions and secrete small amounts of K* and HCO;™ and some proteins. This
modifies the primary salivary secretion into a hypotonic final salivary secretion when
it enters the oral cavity [52].

In the acinar region most of the protein synthesis and secretion takes place, this
is where the oral fluid is generated as well. The amino acids enter the acinar cells
through active transport. After the intracellular protein synthesis, secretory stimula-
tion releases most proteins, these are stored in storage granules [53, 54]. Description
of three models for acinar fluid secretion area are available, which include the active
passage of anions into the lumen and passage of osmotic gradient water from the
interstitial fluid to the salivary lumen [55, 56]. Fluid obtained at the initial stage is
isotonic in nature. This is derived from the local vasculature whereas the acinar cells
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are water-permeable, and the ductal cells are impermeable. The autonomic nervous
system (sympathetic and parasympathetic system) controls the salivary secretion and
its signaling mechanism involves the binding of neurotransmitter (primarily acetyl-
choline and norepinephrine) to plasma membrane receptors and signal transduction
via guanine nucleotide-binding regulatory proteins (G-proteins) and activation of
intracellular calcium signaling mechanisms [52, 57-59]. A few diagnostic uses of
saliva like viral infections, including hepatitis and HIV, and in the detection of certain
endocrine disorders have been demonstrated.

Certain markers in the serum cannot be relied upon but with the salivary samples,
the levels of certain markers are consistent than its manifestation. The components of
the biomarker molecules and normal saliva have similar physicochemical characteris-
tics. Hence the diffusion of lipophilic molecules into the saliva is easier than the lipo-
phobic molecules. The molecules involved in the biological processes reach the saliva
through different mechanisms. Hence extraction of molecules using the methods such
as ultrafiltration and active transport have also been proposed for many substances
recently. Whereas previously passive diffusion was the most common mechanism for
drugs and hormones.

For accurate diagnosis, an appropriate relationship must be established between
the biomarker concentration in serum and its concentration in saliva. Normalcy in
the salivary gland function is necessary for the collection of salivary molecules or
cytokines with diagnostic value. The flow rate of the saliva and its concentration
is expected to vary between individuals and in the same individual under various
conditions. Erratic collection of the serum markers is possible in the whole saliva
due to the oral wounds and through GCF flow. Effectiveness of such samples may be
questionable as these parameters may interfere in the correct diagnosis based on the
salivary constituents [60]. Apart from some of the systemic disorders, other factors
like the medications and radiation will affect salivary gland function, the quantity
and consequently the composition of saliva [61, 62]. The whole saliva may contain
some proteolytic enzymes that come from the host and there may be presence of
enzymes derived from the oral microorganisms [63]. These enzymes can affect the
stability, consistency and reliability of certain diagnostic biomarkers. Degradation of
some molecules happened during intracellular diffusion into saliva. The diagnostic
functional value of the marker may be affected by any condition or medication.

Despite the limitations of saliva to be used for diagnostic purposes, it is becoming
popular as per the evidences suggested by many recent researches. Commercially
available salivary diagnostic tests are currently being used by patients, researchers,
and clinicians. Objective and qualitative detection that is the detection of the presence
or absence of a biomarker using saliva is possible but it is not a feasible option for the
quantitative diagnosis. Saliva also plays a major role in eliciting and monitoring the
hormone levels, especially steroids which facilitates repeated sampling in short time
intervals, which may be particularly important for hormone monitoring and avoiding
patient and clinician compliance problems.

Nevertheless, before a salivary diagnostic test can replace more conventional
methods, the diagnostic values of a new salivary test must be compared with the gold-
standard. The effectiveness of a new test must be determined in terms of specificity,
sensitivity, reproducibility and the correlation with an established disease diagnostic
criterion.

The known functions of proteins identified by proteomic analysis are summarized
in Table 3. Using the proteomics approaches, these proteins have been identified
previously [32, 64, 65]. There has been no reports of the changes in the protein

10



Orthodontic Therapeutic Biomarkers in Saliva and Gingival Crevicular Fluid
DOI: http://dx.doi.org/10.5772/intechopen.100733

Protein Known function
Protein S100-A9 (5100 calcium- i. Calcium-binding protein.
binding protein A9) ii. At the sites of wounding, it promotes phagocyte migration and
(Calgranulin-B) infiltration of granulocytes.
iii. Takes part as a proinflammatory mediator in acute and chronic
inflammation.
Serum albumin precursor i. It binds with water, Ca2*, Na*, K", fatty acids, hormones,

bilirubin, and drugs.
ii. The main function is to regulate the colloidal osmotic pressure
of blood.

iil. Major zinc transporter in plasma.

Immunoglobulin J chain i. Links two monomer units of either IgM or IgA.
ii. Helps in binding IgM or IgA to a secretory component.

Ig alpha-1 chain C region i. A major immunoglobulin class in the body secretions.
ii. Serves as a defence against local infection and prevents access of
foreign antigens.

Cysteine-rich secretory protein i. Innate immune response

3 precursor (CRISP-3) ii. Potential biological marker for prostate cancer

Hemoglobin subunit beta (Hemoglobin Role in the transportation of oxygen from the lung to the various
beta chain) (Beta-globin) peripheral tissues.

14-3-3 protein o (Stratifin) (Epithelial i. An adapter protein.

cell marker protein 1) ii. Results in the modulation of the activity of the large number of

binding partners.

Table 3.
Summary of identified proteins and their known functions [30].

expression in relation to the orthodontic treatment, tooth movement and its forces.
The Table 3 lists the functions of proteins and their predictive role in the OTM.

3.1 Protein S100-A9

During acute and chronic inflammation Protein S100-A9 (S100-A9) is a calcium-
binding protein that functions as a proinflammatory mediator. It is found in high
concentration in an inflamed tissue. Previous research described that S100-A9 was
concerned in chondrocytic and osteoblastic maturation, matriceal calcification and
was noticeable in osteoclasts [66]. Therefore, the presence of osteoclast indicates
an active process of bone resorption. It is also been stated that it regulates cartilage
destruction and joint inflammation during antigen-induced arthritis [67]. A recent
study showed an obvious downregulation of S100-A9 protein, this indicates that there
may not be an involvement of the protein during bone resorption in fixed orthodontic
tooth movement. Its involvement may be in the inflammatory conditions as suggested
by the data from the previous study. As per the study, on day 14 of the treatment,
the inflammatory process was not active. The orthodontic treatment for 14 days
resulted in the downregulation of this above protein indicated by the suppression of
inflammation.

3.2 Immunoglobulin J chain (Ig])

Immunoglobulin J chain (Ig]) is a constituent of IgA or IgM, whereas Ig Alpha-1
chain C region (IgAC) is a major immunoglobulin class in the body secretions.
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Both are common elements of the immune response in humans. Acute inflammatory
responses were noticed in the periodontal tissues surrounding the mechanically
stressed teeth, in the early phase of the OTM [24]. Recent study also exhibited an
obvious downregulation of both IgAC and Igl after 14 days of the fixed orthodontic
therapy. Previous study also did not show any increase of LDH after 14 days of
orthodontic activation [41]. After these studies researchers suggested that no further
inflammation had occurred at that period.

3.3 Cysteine-rich secretory protein 3 precursor (CRISP-3)

CRISP-3 shows the presence of the exocrine secretion and secretory granules
of neutrophil in them. It has notable functions in innate immunity [68] and itisa
potential biological marker for prostate cancer [69]. According to the results from the
recent study after 14 days of orthodontic treatment, the presence of this protein was
noticed. There is not much clarity regarding its relationship with orthodontic tooth
movement.

3.4 Serum albumin precursor (ALB)

ALB and hemoglobin subunit beta (HBB) are serum proteins. These serum
proteins are responsible for the increase in subjects with periodontal disease [70].
ALB is considered as a major zinc transporter in the plasma which regulates the col-
loidal osmotic pressure of blood [71]. The HBB is a subunit of hemoglobin containing
two beta units and four subunits with two alpha. Transport of oxygen from the lung
to different peripheral tissues involves the alpha and beta subunit carrying an ion-
containing molecule (heme) in each of them [72]. HBB is commonly found in the red
blood cells (RBCs) but its function(s) in saliva is still unknown. Recent study showed
that ALB was present only at day 0 of treatment. And its role(s) in orthodontic tooth
movement is also still unclear.

3.5 Protein: 14-3-3 ¢

On Day 0, an adaptor protein—14-3-3 ¢ also known as epithelial cell marker
protein 1 or stratafin (SFN) was found to be present. This binds to many partners and
results in the modulation of the activity of the binding partner(s). In several types of
human cancers, loss of protein 14-3-3 ¢ expression has been observed suggesting its
role as a tumor suppressor protein [73]. However, there is lack of evidence on the role
of SFN protein in inflammation or bone resorption and formation, and the role(s) it
may play during fixed orthodontic tooth movement.

Orthodontic and dentofacial orthopedic therapeutic appliances used in the treat-
ment and correction of various maxillofacial and dento-maxillary anomalies with
skeletal and dental problems most frequently believe that the orthodontic force appli-
cation of high intensity can induce a localized inflammatory process around the tooth
and tooth supporting structures. Due to the presence of this inflammatory process
there is an increased synthesis of free radicals secondarily produced which is followed
by the oxidative stress [74]. In the literature till date, there are very limited number of
human studies and evidences on the oxidative stress and oxidative damage that may
occur due to an aseptic inflammation in tissues caused because of orthodontic tooth
movements [74].
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A recent study performed in 2009 by Olteanu et al. [60] compared and deter-
mined the amount of oxidative stress markers in the saliva of patients, they were
treated using orthodontic appliances for a predefined stipulated time period. The
time periods that were predefined for determination were: before and after 1 h of
treatment, 24 h and 7 days after the initiation of the treatment. At 24 h, maximum
variation was observed in the concentrations of the saliva markers of the oxidative
stress for ceruloplasmin and malondialdehyde (MDA). And for the hydrogen donors
at one hour respectively, and at the 7 days from the placing of an appliance, the
concentrations of markers were similar to the values observed in the initial phase of
the tests. Concentration of saliva markers for oxidative stress showed changes but this
cannot prove pathological processes prevalent in the patients with orthodontic appli-
ances at the level of the oral cavity.

Recently, the research study performed using saliva by Ozcan et al. [75] had the
objective to evaluate the changes in some oxidative stress markers for the determining
of oxidative stress damage that occurs in the process of bone and tissue remodeling,
including dysfunction of periodontal tissue caused by orthodontic tooth move-
ment. At certain time intervals, the unstimulated saliva samples of patients with
fixed orthodontic appliances were collected. The time intervals followed were: just
before treatment, at the 1st month of treatment and at the 6th month of treatment.
Investigations were conducted using spectrophotometric method to detect nitric
oxide (NO) and MDA. The TNF-«, IL-1p, and 8-OHdG levels were detected using
ELISA method. In the results, at any of the predefined time period, the study did not
show any significant change in the saliva in all biochemical parameters. In another
study involving the unstimulated saliva samples of individuals with fixed orthodontic
appliances, there were no significant differences observed when compared to the
control group in kynurenine concentration [76]. And the data presented in the study
at least at the first 6 months of the treatment indicate that orthodontic materials and
orthodontic tooth movement used in orthodontic treatment do not cause oxidative
damage in the oral cavity.

4, Pain and tooth movement

Nowadays many biomarkers are detected using saliva. It was recently discovered
that several new isoforms for Nerve Growth Factor (NGF), Brain derived Neurotropic
Factor (BDNF) and Calcitonin gene-related peptide (CGRP) were found in the saliva
[3]. Identification of these isoforms can be utilized to develop subtle ways that can be
considered to be methods to detect and analyze markers related to pain.

Pain and discomfort are inevitable during orthodontic treatment [6].
Conventionally, the degree of pain is assessed subjectively using many pain scales [7].
Assessing pain objectively using salivary physiological biomarkers would benefit the
clinician for appropriate pain diagnosis and management [6, 8].

These potential biological markers can be collected from different tissue samples.
The sampling is done as per the required biomarker and the biological processes to
be studied [1, 9]. Several possible biomarkers representing many of these biologi-
cal changes during specific phenomenon like pain experienced during orthodontic
treatment pain, bone remodeling, inflammation and root resorption have also been
proposed [20]. The clinical application can be developed from the knowledge of
biomarkers that can accelerate the orthodontic treatment as well.
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Development of objective markers of nociception and pain helps in diagnosis of
pain and its management. Standardization of pain assessment objectively is important
to avoid bias in research studies. Tools that are sensitive and specific to pain fulfilling
certain criteria’s like being observer-independent, not reliant on the patient’ ability to
communicate and not influenced by disease characteristics are needed in developing
an objective method of pain assessment [13]. A review by Cowen et al. [13] states that
the objective biomarkers of nociception or pain which have been validated for clinical
use, although there are currently promising strategies like monitoring changes in the
autonomic nervous system, biopotentials, neuroimaging and composite algorithms.
There is a serious need for theoretically promising and clinically useful objective
marker for assessment of pain. Restricted use of physiological markers as ‘objective’
measures of pain and nociception is due to the lack of evidence in support of its use
as biomarker. Biomarker research in saliva for pain and nociception as part of clinical
phenotyping should be watched closely.

Fleming et al. [14] suggests that unlike the bracket type, the subjective pain expe-
rience at 4 h, 24 h, 3 days, and 7 days following fixed orthodontic appliance place-
ment [14]. The subjective pain was recorded using Visual Analog Scale (VAS) [14].

In cross sectional study conducted by Jasim et al. [3], the levels of nerve NGF,
CGRP and BDNF were determined using novel western blotting-based technology
using Capillary Isoelectric Focussing (CIEF) Immunoassay. Glutamate and substance
P (SP) was determined using ELISA. Numerous new isoforms were found for NGF,
CGRP and BDNF in saliva. In expression and chemiluminescence levels, the isoform
pattern showed significant difference between different collection methods. In this
study, new sensitive methods to study pain related markers in saliva were developed.
And this study was the first to:

1.detect NGF, CGRP, BDNF, Glutamate and S P (SP) in five different salivary
types,

2.to develop a new protocol/method for analysis of different isoforms of NGF,
CGRP and BDNF,

3.show quantifiable levels of several isoforms of NGF, CGRP and BDNF in human
saliva, and finally.

4. establish a correlation between the glutamate level in stimulated whole saliva
and plasma.

Activation of the orthodontic appliance induces painful sensations due to the
inflammatory process, this occurs as part of the tooth movement related to tissue
remodeling. It is established that the immunoreactive neuron C-fos is involved in the
transmission of nociceptive information expressed bilaterally in the lateral parabran-
chial nucleus. And ipsilaterally in the trigeminal subnucleus caudalis past the initial
24 h of orthodontic force application. Similarly, fos-like immunoreactive neurons
were distributed in other brain regions such as the neocortex, thalamic nucleus and
dorsal raphe [77]. Nociceptive information by tooth movement is modulated and
transmitted in several regions of the brain. Endogenous pain control systems are
activated by these stimuli, including descending monoaminergic pathways [78].

Initial studies suggested that through dopaminergic and serotonergic systems,
the nociception is nociception is regulated [77]. Subsequently, another experiment
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performed showed an increase in serotonin turnover in the medulla, indicating the
bulbospinal serotonergic pathway activation by nociceptive neurological response

[78]. Therefore, an indirect nociceptive mechanism operating during tooth move-

ment occurs that suggests a continuous and delayed nociceptive response, which is
expected to regulate the masticatory function during active tooth movement.

A recent case report published data on administration of MK-801 in rats (a non-
competitive antagonist of N-methyl-Daspartate receptors), intraperitonially before
tooth movement. The results suggested the N-methyl-D-aspartate receptors blockade
along with neuronal suppression of sensory nuclear complex of the trigeminal nerve
branch. Subsequently, these effects were found to increase the neuronal activity in
the descending antinociceptive system, including dorsal raphe nucleus, nuclear raphe
magnus, ventrolateral PAG, and Edinger-Westphal nucleus. Following, during orth-
odontic tooth movement, these results indicated a pharmacological way to decrease
pain perception [79].

Salivary biomarkers as a measure has the potential to be an objective approach and
a diagnostic tool for the studies related to pain. However, there is a need of estimating
the different collection methods and develop more profound techniques for analysis.
These biomarkers have a crucial part in objectively assessing the pain.

5. Gingival crevicular fluid (GCF) and biomarkers

GCF is an exudate that can be collected from the gingival sulcus in periodontium,
which provides a prospective source of factors or biomarkers associated with the
changes and destruction in the underlying periodontium that generally occurs during
the orthodontic force application during fixed orthodontic treatment [80].

Due to its non-invasive nature and ease of repetitive sampling from the same site
with the help of filter paper strips, gingival washings, platinum loops and micro-
pipettes, GCF is commonly collected for the examination and check the levels and
concentration of these biomarkers during the orthodontic force application. This
fluid is easily available as that of saliva in the oral cavity and is usually used to analyze
various biochemical markers [80].

The importance of GCF biomarkers in periodontal effects is tabulated in Table 4.
GCF which can be described as a transudate or an exudate arises at the gingival

margin where its flow rate is of 0.05-0.20/min which indicates gingival inflammation
[81]. Various biochemical markers such as prostaglandin production and the action
of various extracellular and intracellular factors, such as IL-6, IL-1, TNF, epidermal
growth factors, cathepsin, aspartate aminotransferease, microglobulin, alkaline
phosphatase, and lactate dehydrogenase are analysed by this GCF.

Various cell mediators or enzymes are produced due to the remodeling changes
in the PDL and the alveolar bone that can be used as the biomarkers of orthodontic
treatment [66, 82]. The initial works conducted by Embery, Waddington [83] and
Last et al. [84], proved the presence of many proteoglycan, tissue proteins and GAGs
in GCF and also reported presence of chondroitin-4-sulphate in GCF from the pres-
sure side of tooth movement. Biological alteration is caused in deep-seated tissues
due to that the increase in chondroitin-4-sulphate since the orthodontic model is a
nonplaque and non-disease-related process.

Uematsu et al. [85, 86] found elevated levels of IL-1, IL-6, TNF, epidermal growth
factors, TGF 2 and microglobulin during the orthodontic treatment in the GCF. Lee
et al. [87] and Grieve et al. [88] also reported stated the similar finding for IL-1, and
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Inflammatory mediators

Protein E2 (P E2) -bone resorption

Substance P (S P) (neuropeptide)-bone resorption

Epidermal growth factor (EGF)-bone resorption

Transforming growth factor (TGF)-bone remodeling

RANKL - stimulation of osteoclastic differentiation

Osteoprotegerin-inhibition of osteoclastic differentiation

Granulocyte macrophage colony stimulating factor-bone turn over

«2 microglobulin-enhancer of IGF-1

IL 1B, 2, 6, 8-bone remodeling

Myeloperoxidase—enzyme in PMN-inflammation

Metabolic products of paradental remodeling

Hyaluronic acid (GAG)-indicator of breakdown of gingival tissue

.

Chondroitin sulfate (GAG)-indicator of breakdown of alveolar bone and

* PDL

Pentaxrin-3 (TNF stimulated genel4)-marker of inflammation

.

Osteocalcin-bone turnover

Insulin growth factor-regulators of cell differentiation and apoptosis

Pyridinoline, deoxypyridinoline-indicators of bone metabolism

N-telopeptide-bone resorption

Dentin matrix protein-root resorption

Enzymes
* Acid phosphatase- bone resorption
* Alkaline phosphatase-bone formation
* Aspartate amino transferase-cell necrosis
* CathepsinB-extracellular matrix degradation
* Matrix metalloproteins (1, 2 and 8)-breakdown denatured collagen
* P glucuronidase-marker of granule release by PMN

* Lactate dehydrogenase-indicator of cell death

GCEF, Gingival crevicular fluid; IGF-1, Insulin-like growth factor-1; GAG, Glycosaminoglycans; PMN,
Polymorphonuclear neutvophil; TNE, Tumor necvosis factor; PDL, Periodontal ligament.

Table 4.
List of GCF biomarkers and their vole in orthodontic tooth movement.

PGE2. Lowney et al. [89] for TNF. Griffiths et al. [90] demonstrated the presence of
osteocalcin in GCF from teeth which is subjected to the orthodontic treatment force
application. A recent study by Insoft et al. [91] also found an increased level of alkaline
phosphatase during the first 3 weeks of orthodontic treatment, whereas acid phospha-
tase increased in successive weeks. Perinetti et al. [92] also determined the aspartate
aminotransferase along with the alkaline phosphatase activity in GCF. Orthodontic
force application induced an increase in the lactate dehydrogense activity in GCF as per
arecent study by Serra et al. [93]. After the study it is proposed to be a sensitive factor
or biomarker for periodontal metabolism. Sugiyama et al. [82] suggested that cathepsin
B involved in ECM degradation and reported its increase in the amount in GCF.
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After an orthodontic force presentation for 4-8 h Apajalahti et al. [94] found a
significantly higher amount of MMP-8 in GCF. They suggested that MMP-8 reflects
the enhanced periodontal remodeling, this is the effect of increased expression and
activation of GCF. From the studies, it was concluded that presence of such markers
in GCF during the orthodontic studies are useful in identifying the bone-remodeling
activities. Therefore, GCF can be considered a promising topic for future research,
as these investigations have already begun to provide an insight into the progressive
aspects of remodeling.

According to the QUOROM statement suggestions, a systematic review was
conducted by Allgayer et al. [95] in 2014 by strictly adhering to the guidelines sug-
gested by PROSPERO [95]. Several key databases namely PubMed, Embase, Cochrane
library, MEDLINE, and Web of Science were searched in May 2014 using the MESH
terms ‘Orthodontics, Corrective), ‘IL-17), or ‘helper 17 cell, or ‘helper T Cells’, or “TH
17}, ‘IL 17, ‘IL-23;, ‘crevicular fluid} ‘IL 23), and using the free text terms ‘GCF, gingival
crevicular fluid, regulatory proteins, tooth displacement, cytokines, inflammatory
factors, root resorption and canine distalization), and, by reference tracking an addi-
tional search was performed. The search results from each database were compiled,
combined and the duplicate results were eliminated (Table 5).

The results of this systemic review provide an insight by identifying the 115 poten-
tially relevant studies. Table 5 below represents an overview of the outcomes. Among
these studies, further analysis of the titles, abstracts, and full texts revealed that for
this systematic review the major 25 studies were relevant [95]. Many studies were
performed on mixed samples of young adults and adolescents, and two related studies
reported the levels of GCF cytokines in different age groups (Table 5). More than 20
subjects were found to be recruited for only 3 studies. Out of 25 studies, seventeen of
them used the maxillary canine as their study tooth, and the orthodontic force system
was distalization of the canine with either continuous arch wires or sectional wires.
The other eight studies addressed insertion of separation elastics (two), Hyrax appli-
ance (two), aligning movement (three), and cervical headgear (one).

MMPs are considered to be the main endogenous chemical mediators of the
pathologic destruction of tissues in periodontitis [96]. Extensive research studies have
been performed to assess the levels of MMPs in GCF [97] and saliva and also, they
have been found to be elevated in patients suffering with periodontitis compared to
subjects with healthy periodontium. Additionally, after the periodontal therapy there
was drastic decrease in the levels of MMPs in GCEF. The levels of MMP-8, 9 MMP-3,10
and MMP-13,11,12 have been linked with the periodontal disease progression in GCF.
MMPs also play a dominant role in the remodeling process of PDL during orthodontic
tooth movement.

A study in dogs by Redlich et al. [96, 98] suggests an increase in the activity of
MMP-1 and mRNA levels in the compression side of the gingiva during orthodontic
tooth movement. Similarly, a study performed on rats also demonstrates an increased
expression of MMP-13, mRNA, and MMP-8 in the PDL during active tooth movement
[13]. Using MMP inhibitors orthodontic tooth movement can be prevented or delayed
in mice and rats [96, 98]. A few studies performed on humans [96] have enumerated
the presence of MMPs in GCF during orthodontic tooth movement and have stated
the alterations in their levels during the orthodontic force application. Additionally, in
orthodontic patients treated with fixed appliances, the total collagenase activity in the
GCF has been revealed to be 10-fold that of control GCF [99].

Surprisingly, it is found that the effects of orthodontic force application on teeth
affected by periodontal disease has not been significantly studied. However, a few
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retrospective and longitudinal studies [97, 99] indicated that the orthodontic force
application can be tolerated by periodontally compromised teeth without any additional
damage to the periodontium.

6. Conclusion

Present dissertation deals with brief insight into the biomarkers, connected to
orthodontic treatment and progression. Suitable biomarkers may be used to distin-
guish the sequence of events following OTM. Biophysical mechanisms are involved in
the displacement of tooth in the periodontal space and shift of stimulus from continu-
ous force application. The assessment of these biological mechanisms can be done by
the evaluation of rate and amount of synthesis of biomarkers in periodontium. This
knowledge of the ongoing process occurring in periodontal tissues during orthodon-
tic and dentofacial orthopedic therapies in turn may help us to make proper choice of
mechanical orthodontic loading, the amount of orthodontic force application during
the treatment and period of treatment may be shortened. It also helps to avoid adverse
consequences such as bone loss or root resorption associated with orthodontic treat-
ment. The essential goal is to develop a screen test based on these factors or biological
markers that could be used non-invasively and easily by the orthodontist at chairside
to monitor the ongoing process and detect early root resorption. Several sensitive, sal-
ivary biomarkers are available to detect the biomechanical changes occurring during
orthodontic tooth movement and pain occurring during fixed orthodontic therapy.
Further focussed research might help to analyze the sensitivity and reliability of these
biomarkers (cytokines), which in turn can lead to the development of chairside tests
to assess the pain experienced by patients during orthodontic therapy and finally the
outcome of the fixed orthodontic therapy. There is an enormous scope for research in
this field which may be a boon for future orthodontic treatment and modalities.
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Chapter?2

Orthodontics and the
Periodontium: A Symbiotic
Relationship

Betsy Sava Thomas and Mohan Alexander

Abstract

The force applied by the orthodontist to facilitate the orderly movement of teeth
to their new position may have deleterious effects on the most important structure
involved in the procedure—the periodontium. This chapter endeavors to provide an
overview of the biological processes that play a role in achieving the patient’s as well
as the orthodontist’s objective.

Keywords: accelerated tooth movement, inflammation, periodontal ligament, alveolar
bone, cytokines

1. Introduction

The art and science of orthodontics have certainly come a long way from the era
of treatment using removable appliances, which mainly produced tipping move-
ments of the teeth, to the fixed appliances that bring about bodily movements of the
teeth to their desired destination. But this has not been a journey without hiccups.
The quest for the perfect smile or the ideal occlusion has been marred by quite a few
stories of botched-up cases, which, sometimes, could be the result of unscientific
methods being utilized to achieve the promised results. But it also seems to be a story
of due respect not being accorded to the most important structure in the treatment
process—the periodontium. This chapter discusses the relationship that the periodon-
tium (and the periodontist) shares with the specialty of orthodontics, one which, at
times, tends to be taken for granted.

2. Theories of tooth movement
The force applied to the teeth during orthodontic treatment results in remodel-
ing of the alveolar bone. The exact mechanism of how this force is converted to

biological activity has not been elicited till now. Various theories try to explain this
phenomenon:

29 IntechOpen



Current Trends in Orthodontics

1.Bone-bending/biological electrical
2. Pressure-tension

3.Neurogenic inflammation
4.Fluid-flow sheer stress

Whatever be the mechanism, it seems obvious that it is the periodontium that
plays a big role in achieving the treatment goals.

3. The periodontium

The periodontium has two main functions: protection and attachment. The former
function is carried out by the gingiva and the latter by its three remaining parts,
namely the cementum, periodontal ligaments, and the alveolar bone. It is only the
gingiva that is visible in the oral cavity, the rest being covered and protected by it.

3.1 Gingiva

The primary function of the gingiva is protection, as stated earlier. Orthodontic
treatment tends to be associated with gingivitis in many patients. As the presence
of plaque is one of the main factors in the development of gingivitis, it could be
the interference of the orthodontic brackets and elastics with effective removal of
dental plaque, which might be resulting in gingivitis. However, it has been shown
that because of orthodontic treatment a shift in the composition and type of bacteria
can occur [1]. According to J. van Gastel, et al. [2], fixed orthodontic treatment may
result in localized gingivitis, which rarely progresses to periodontitis. E. Bimstein and
A. Becker [3] state that, following placement of a fixed appliance, a small amount of
gingival inflammation will be visible, which could be transient in nature and does not
lead to attachment loss, in the majority of the patients.

Gingival recession is considered to be one of the more common complications of
orthodontic tooth movement (OTM). But in a study conducted among 205 orthodon-
tic patients, Morris JW, et al. [4] found that “orthodontic treatment is not a major risk
factor for the development of gingival recession.” They further state that “although
greater amounts of maxillary expansion during treatment increase the risks of
post-treatment recession, the effects are minimal.”

3.2 Cementum

Any treatment procedure that a human being undergoes, whether surgical or
medical, can have side effects or risks involved, and orthodontic treatment is no
exception. Similar to other medical procedures, the aim in orthodontics is also to
minimize the risks involved in the maximum number of patients possible.

Microscopic resorption of the cementum of erupted as well as unerupted teeth is
a common phenomenon. This occurs without involving the underlying dentin in the
majority of cases. The resorption may be caused by local or systemic factors or can
be idiopathic. Trauma from occlusion, malaligned erupting teeth, periapical as well
as periodontal infections, replanted or transplanted teeth, orthodontic movement,
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etc. are the local factors that may result in cementum resorption. According to

some authors [5-7], root resorption is the most common side effect of orthodontic
treatment and occurs within 6 months of commencement of the treatment. Anja
Pejicic, et al. [8] have described three degrees of severity of orthodontically induced
root resorption (OIRR): the first degree wherein there is only surface resorption

of the cementum which will regenerate or remodel fully. The second degree shows
deep resorption with cementum and outer dentin layers involved and this is usually
repaired with cementum. In this, the original shape of the root may or may not be
achieved following the repair. In their third degree, there is full resorption of the
apical hard tissues evidenced by shortening of the root.

Biologic as well as mechanical factors have been highlighted as probable causes of
OIRR, with tooth root morphology, abnormal root shape, previous history of trauma
or root resorption, genetic and systemic factors, endodontic treatment, habits and
oral health, etc. likely to be the biologic factors. Mechanical factors could be the
amount of apical displacement, the magnitude of force applied, duration of treat-
ment, whether it is continuous or intermittent force, type, extent and direction of
tooth movement, etc., according to Anja Pejicic, et al. There are studies [9-12] that
suggest that it is the trauma due to over-compression of the periodontal ligament
that causes OIRR. It seems to be an accepted fact that orthodontic movements are not
entirely translatory due to mechanical laws. This results in the concentration of orth-
odontic forces at the apical region. During OTM, hyalinization does occur because
it is virtually impossible to prevent the occlusion of blood vessels totally. Because of
this, root resorption might begin at the hyalinized region of the necrotic periodontal
ligament. As hyalinized necrotic tissue develops in almost 100% of patients during
orthodontic treatment, some authors believe that root resorption occurs in almost
every orthodontic patient [13, 14]. It is believed that the aggressiveness of the resorb-
ing cells, the vulnerability and sensitivity of the tissues involved and individual
variation and susceptibility will decide the extent of resorption [8].

The use of light orthodontic force has been shown to minimize the extent of root
resorption, especially with horizontal and vertical displacement. This could be because
the apical third of the root is covered with cellular cementum, whereas the coronal
third is covered with acellular cementum. Because of the increased proliferation activ-
ity, cells of the cellular cementum might be easily damaged, whereas the slowly dividing
cells of the acellular cementum might be more resistant to those forces [15-17].

Nitric oxide (NO), the intra- and the intercellular signal molecule, is synthesized
by the activity of neuronal, endothelial, and inducible isoforms of NO synthases
(NOSs). The primary sensor of NO is soluble guanylate cyclase (sGC). It plays a very
important part in many physiological as well as pathological processes and conditions
and also in NO signaling. The enzymatic activity of sGC is boosted when NO binds
to it. In inflammation, sGC is oxidized and becomes insensitive to NO. Inflammation
of the periodontium induces the resorption of cementum by cementoclasts and
the resorption of the alveolar bone by osteoclasts. Korkmaz Y, et al. think that if
medication can be used to activate sGC in periodontal tissues of patients suffering
from periodontitis in nitric oxide and heme-independent manner, it could result in
a novel treatment to stop cementum resorption for such patients. They reached this
conclusion after studying the o1- and f1-subunits of sGC in cementoclasts of healthy
and inflamed human periodontium using double immunostaining for CD68 and
cathepsin K. They compared this with those of osteoclasts from the same sections
and noticed that under inflammatory conditions, cementoclasts showed a decreased
staining intensity for both the subunits [18].
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Yufei Xie, Ning Zhao, and Gang Shen [19] investigated the anti-resorptive
mechanisms of cementocytes during orthodontic tooth movement. They concluded
that under fluid-flow sheer stress, cementocytes stimulate the differentiation of
osteoblasts and inhibit the activation of osteoclasts, showing greater potential for
bone protection than alveolar bone osteocytes. And according to them, “cementocytes
might play an important role in preventing one of the most common complications of
orthodontic treatment — root resorption.”

According to Alberto Consolaro [20], teeth with OIRR do not need:

1. restraints, as they do not become mobile or painful. If either of these symptoms
is present, he suggests that other etiological factors like recently removed orth-
odontic braces, trauma from occlusion, bruxism, cervical bone loss, bone loss
due to periodontitis, etc. should be looked for.

2.endodontic treatment as the dental pulp does not undergo ischemia, infarction,
or necrosis during the orthodontic movements.

3.replacement with dental implants, as the cervical third of the root is responsible
for 60% of periodontal support.

3.3 The alveolar bone

The alveolar bone is a mineralized connective tissue and is made up of around 67%
inorganic material by weight. The inorganic content is primarily calcium and phos-
phate, with the mineral content being typically in the form of hydroxyapatite crystals.
Around 20% of the alveolar bone consists of organic material, containing both col-
lagen and non-collagenous materials. Water constitutes the rest of the weight of the
alveolar bone- ~ 15% [21]. The inner wall of the tooth socket, known as the alveolar
bone proper, contains many openings through which the periodontal ligament con-
nects with the neurovascular bundles of the cancellous bone. The interdental bone or
septum is made up of cancellous supporting bone within cortical walls.

Adjacent to the PDL space is a plate of compact bone called the lamina dura,
whereas the majority of alveolar bone is trabecular in nature. The alveolar bone
contains many different types of cells such as adipocytes, endothelial cells, macro-
phages, osteoclasts, osteoblasts and osteocytes. But the crucial detail of maintaining
the function as well as homeostasis of the alveolar bone is carried out by the last three
types of cells. There are some differences between the osteoblasts which form bone,
and the osteoclasts, which resorb bone. The former (and the osteocytes) descend
from mesenchymal cells, whereas the latter originates from the monocyte or hema-
topoietic cells. At the same time, the osteoclasts are formed by the fusion of multiple
monocytes and thus are multinucleated while the osteoblasts are mononucleated.
Type I collagen, which is the most abundant protein in vertebrates, can be made by
both fibroblasts and osteoblasts and it is this collagen that forms the structural and
mechanical matrix of the alveolar bone. The osteoblasts contain the master switch
Runx2, which helps in the differentiation of osteoblasts from the progenitor mesen-
chymal cells [21]. As age advances, there is a disproportion between bone deposition
and resorption and this is because the number of osteoblasts decreases as we age [22].
While apposition of bone is taking place, osteoblasts get enclosed in the mineralized
bone and these cells are known as the osteocytes. A lacuna can form around such an
osteocyte by deposition of minerals such as calcium carbonate, hydroxyapatite and
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calcium phosphate, during bone formation. The lacunae connect with each other
through canaliculi, which are narrow channels through which the dendrites of osteo-
cytes correspond using gap junctions. The bone-resorbing osteoclasts express various
substances such as osteoprotegerin (OPG), chloride channel 7 (CICN7), cathepsin K,
and tartrate-resistant acid phosphatase (TRAP). Bone matrix proteins such as elastin,
collagen, and gelatin are catabolized by the protease cathepsin K, whereas CICN7
maintains osteoclast neutrality by shuffling chloride ions through the cell membrane.
OPG, though a member of the TNF receptor family, is secreted and acts as a cytokine.

Among all the periodontal tissues, alveolar bone is the least stable because it is in
a constant state of flux. Local factors that cause internal remodeling include age-
related changes as well as functional requirements on the tooth. Mechanical strains
caused by orthodontic movements are thought to be resulting in physiologic bone
adaptation together with minor injuries to the periodontium, which are reversible
[23]. The pressure-tension theory of tooth movement proposes that a tooth moves
in the periodontal space by creating a pressure and tension side. According to this
theory, the tooth shifts its position within the periodontal ligament (PDL) space,
resulting in PDL compression in some areas and PDL tension in others within a few
seconds of force loading and this is brought about by chemical, rather than electric,
signals as the stimulus for cellular differentiation and ultimately tooth movement.
Bone resorption occurs at the compression side and bone formation at the tension
side, with blood flow being decreased on the compression side and is maintained or
increased on the tension side. Within minutes of force being applied, the alteration
in blood flow changes the oxygen tension and the chemical environment by releasing
biologically active agents such as prostaglandins and cytokines [24]. This happens
especially if there is sustained force. This alteration results in less oxygen levels on
the pressure side due to compression of the periodontal ligament and vice versa. It
has been observed that low oxygen tension causes decreased adenosine triphosphate
(ATP) activity [25]. These changes act on cellular differentiation and activity, bring-
ing about bone resorption at the compression side and bone formation at the tension
side. Schwarz (1932) correlated the tissue response to the magnitude of force, with
capillary blood pressure. If the force exceeds the pressure of ~20-25 g/cm” of the root
surface, tissue necrosis can occur due to the strangulated periodontium [26]. It has
been shown that with the application of heavy force, blood flow tends to be cut off
resulting in cell death under compression. According to Al Ansari et al., these cell
deaths also include some osteocytes and osteoblasts in the adjacent alveolar bone. This
causes acute inflammatory response with the release of chemokines that could attract
other inflammatory and precursor cells into the extravascular space from the blood
vessels. According to Taddei et al., during orthodontic movement, the chemokines
known as monocyte chemo-attractant protein-1 (MCP-1) is released attracting the
monocytes. These monocytes become either macrophages or osteoclasts once they
exit the bloodstream and enter into the tissue. The release of other inflammatory
mediators is also seen within the first few hours of tooth movement.

If the cessation of blood flow occurs because of heavy orthodontic force being
applied, a delayed differentiation or recruitment of osteoclasts from adjacent bone
marrow space also may occur resulting in “undermining resorption” that removes the
lamina dura next to the compressed PDL. This is because no osteoclast differentiation
occurs within the compressed PDL space. Under such a condition, tooth movement
will take place only after this “undermining resorption” is completed, meaning only
after a week or two. This also explains why tooth movement occurs within 2 to 3 days
when light force is applied, because the light force will only reduce the blood flow
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permitting the quick recruitment of osteoclasts either from within the periodontal
ligament space or from blood. This will result in the removal of the lamina dura by
the process of “frontal resorption.” At the same time, it is a fact that tooth movement
is a result of a combination of “undermining” as well as “frontal” resorption. This is
because some degree of hyalinization almost always occurs as it is virtually impossible
to clinically prevent the occlusion of blood vessels completely [24].

3.4 The periodontal ligament

Yes, the force applied by the orthodontic appliance provides the impetus for the
tooth to move. But without the PDL it would be impossible for the teeth to move
through the bone and reach their intended destination, in an orderly manner. The PDL,
like all ligaments in the body, connects the hard tissue structures, either the cementum
of adjacent teeth to each other or the cementum of the tooth to the alveolar bone.

The PDL also connects with the neurovascular bundles of the cancellous bone
through the alveolar bone proper via the numerous openings. The PDL is a dense
fibrous connective tissue structure that consists of collagenous fiber bundles, cells,
vascular and neural elements, and interstitial fluid. Its primary function is to support
the teeth in their sockets and at the same time allow them to withstand considerable
masticatory forces. The average width of the PDL space is around 0.2 mm, with the
space decreasing as age advances. The space is occupied mostly by Type 1 collagen
bundles and is the thinnest near the middle third of the root. These collagen fibers
are mainly divided into principal, accessory, and elastic fibers. Sharpeys fibers are
the term used for the terminal portion of these fibers that insert in the alveolar bone
and cementum. The principal fibers can be subdivided into the transseptal fiber
(or interdental ligament) and alveolodental ligament. Some authors consider the
transeptal fibers as gingival fibers because they do not have an osseous attachment.
These fibers connect the cementum of adjacent teeth, with their duty being maintain-
ing the alignment of teeth, and the alveolodental ligament group of fibers helping
teeth withstand compression forces during mastication. The accessory fibers prevent
rotation of the tooth and run from the alveolar bone to cementum in different planes,
in a tangential manner. Many cells occupy the PDL space, namely 1) synthetic cells
like fibroblasts that make up to around 60% of the total PDL cell population, osteo-
blasts, and cementoblasts; 2) resorptive cells such as osteoclasts, cementoclasts; 3)
progenitor cells including undifferentiated mesenchymal cells; 4) defense cells such
as macrophages, mast cells, and lymphocytes; and 5) remnants of the epithelial root
sheath of Hertwig, which are epithelial cells. The PDL space also contains interstitial
fluid, which is contributed by the circulatory system [24]. This helps the PDL space to
transmit the masticatory forces (which can range from 70 to 150 newtons) etc., onto
teeth, thus acting as a shock absorber.

Some of the more frequent complications of orthodontic treatment are dehiscence
or fenestration of the alveolar bone. These can result in root exposure, gingival reces-
sion, and relapse of the condition.

4. Inflammation and orthodontic tooth movement

As discussed earlier, tooth loading, physiologic or otherwise, causes areas of
compression and tension on the soft tissues surrounding the teeth also—the PDL,
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nerves, blood vessels, etc. In the PDL, there is an intimate relationship of the nerve
endings with the blood vessels. Neurotransmitters such as calcitonin gene-related
peptide (CGRP) and substance P are released when the nerve endings get distorted
and these cause vasodilation and increased permeability of the blood vessels result-
ing in plasma leakage [23, 26]. OTM is achieved by the remodeling of the PDL and
alveolar bone. These remodeling activities and the movement of the teeth result in

an aseptic inflammatory process with the consequent increase in mediators such as
prostaglandins (PGs), interleukins (ILs. IL-6, IL-7 & IL-17), the tumor necrosis fac-
tor (TNF)-a superfamily, and the receptor activator of nuclear factor (RANK)/RANK
ligand (RANKL)/osteoprotegerin (OPG).

Current scientific literature suggests that arachidonic acid (AA) pathway plays a
very important role in many human diseases such as cardiovascular problems, carci-
nogenesis as well as inflammatory conditions such as asthma, arthritis. Periodontists
have been exploring the role of AA in periodontitis for some time, it being an inflam-
matory condition. AA can be metabolized by three specific enzyme systems, that
is, cyclooxygenases, lipoxygenases, and cytochrome P450 (CYP) enzymes. One of
the derivatives of the AA cascade—the prostaglandins (PGs) are produced within
seconds of cell injury. PGE2 is the most abundantly seen PG in various tissues and is
known for its all-around physiologic and pathological actions. It increases vascular
permeability and chemotactic actions by acting as a vasodilator and at the same time,
it increases bone resorption and osteoclast formation. An increase in PGs levels in the
PDL and alveolar bone has been reported by Ngan, et al. [27], during orthodontic
treatment. PGE2 levels in the gingival crevicular fluid (GCF) increased during OTM,
according to Shetty et al. [28]. Leiker et al. [29] demonstrated that exogenous pros-
taglandins enhanced the rate of OTM in rats. The administration of PGE or prosta-
glandin receptor EP4 also enhanced the rate of tooth movement [30, 31]. It has also
been demonstrated that indomethacin, a specific inhibitor of prostaglandin synthesis,
reduces the rate of OTM in rats [31, 32]. As mentioned earlier, the cytokines also
increase during OTM. IL-f in particular is involved with inflammation and stimulates
bone resorption. It has been reported that IL-1f is produced by both macrophages and
neutrophils, and is increased in inflamed gingival tissues. IL-6 is a multifunctional
cytokine produced by immune cells and induces osteoclastic bone resorption. IL-17
is an inflammatory cytokine that is produced by activated T cells and it has been
reported that IL-17 induces osteoclastogenesis from monocytes.

RANK ligand (RANKL) and its receptor RANK are present on osteoblasts and
precursor osteoclasts, respectively. They are considered to be the key factors that
stimulate osteoclast formation and osteoclastogenesis. RANKL is required for osteo-
clast formation with macrophage-colony-stimulating factor (MCSF) from precursor
monocyte/macrophages. Osteoprotegerin (OPG) inhibits RANK-RANKL interac-
tions [24]. It binds to RANKL and prevents RANK-RANKL ligation. Therefore,

OPG prevents osteoclast differentiation and activation. Kanzaki et al. demonstrated
that compression forces upregulate RANKL expression through induction of COX-2
in human PDL cells in vitro. They also [33] demonstrated that the amount of rat
experimental tooth movement is accelerated by the transfer of the RANKL gene to the
periodontal tissue, while it is inhibited by OPG gene transfer. Additionally, compres-
sion force increases RANKL and decreases OPG secretion in human PDL cellsin

vitro. The GCF levels of RANKL are increased, and the levels of OPG are decreased

in experimental canine movement. Therefore, it is suggested that the RANK-RANKL
system is directly involved in the regulation of orthodontic tooth movement.
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All these studies suggest that these and other inflammatory cytokines may be
intricately entwined with one another during OTM, and may play important roles
in bone remodeling. But studies on OIRR seem to suggest that these mediators might
also be the cause for the most common complication in orthodontics-root resorption.

5. Accelerated orthodontic tooth movement
A systematic review of prospective studies on the duration of orthodontic treat-
ment suggests that the duration of orthodontic treatment varies widely but takes less
than 2 years to complete, on average [34]. Most patients would like their treatment
to be done in a much shorter period and in addition, longer treatment periods might
increase the chances of root resorption, decalcification, etc. This has resulted in
orthodontists as well as manufacturers trying to shorten the duration by using various
methods to accelerate OTM (AOTM). Some of the techniques advocated in this quest
to accelerate OTM are as follows:
A.Those aimed at altering orthodontic mechanics

1.Limited orthodontic treatment.

2. Self-ligating and varying bracket designs

3. Customized appliances

B. Altering biological response to force

1. Medications such as corticosteroids, vitamin D3, parathyroid hormone,
thyroxin, prostaglandins, platelet-rich plasma.

2.Micro-vibration
3. Low-intensity Laser
4. Photobiomodulation aka low-level light therapy
5.Electromagnetic fields
6. Direct electrical current
C.Surgical methods
1. Micro-osteoperforations
2. Piezocision
3. Corticotomies
4. Osteotomies/PDL distraction

5.Surgery first
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Miles P [35] reviewed the studies involving the aforesaid techniques and was of the
opinion that the technique of photobiomodulation may be of benefit but suggested
that since there is limited evidence to support it, more studies will be needed before it
can be applied routinely. With regard to the use of corticotomy, also he says that only
low-level evidence is available and he concludes his review by suggesting that rigor-
ous, well-designed randomized controlled trials with longer follow-up periods are
necessary for all the techniques before they can be recommended.

The effects of most of the above AOTM procedures on the periodontium do not
seem to have been studied in detail. The more commonly performed and studied one
seems to be the corticotomies, viz., the periodontally accelerated osteogenic ortho-
dontics (PAOO).

5.1 Periodontally accelerated osteogenic orthodontics

In 2001, Wilcko, et al. [36] introduced the “periodontally accelerated osteogenic
orthodontics” (PAOO) technique that they claimed shortened the duration of
orthodontic treatment. This involved flap design, selective decortication, alveolar
augmentation, membrane coverage, and closure using sutures. They radiographically
assessed the presence of transient demineralization followed by remineralization at
the corticotomy level. According to them, reversible osteopenia occurs both within
the alveolar bone proper and on the surface and with this, the collagenous bony
matrix also moves with the root in the same direction as the OTM. Once the OTM is
completed and the teeth are retained in their predetermined position, remineraliza-
tion of the matrix takes place. They claim that this demineralization-remineralization
is complete in adolescents but not so much in adults and termed it the “regional
acceleratory phenomenon” (RAP) of bone remodeling. They thought that this “bone
matrix transportation” had made it possible to design a surgical approach, which
permits extraction space closure in 3 to 4 weeks. The duration of RAP is claimed
to last for 3—4 months by these authors and the amount of tooth movement during
this period was double around 1 mm/month, in animal studies conducted by lino S,
etal. [37].

5.2 History of osteotomies/corticotomies to speed up tooth movement

The use of techniques to speed up orthodontic tooth movement by utilizing alveo-
lar surgery has a history dating back to more than a century. But it is Heinrich Kole
[38] who has been credited with refining the process. He proposed the idea of acceler-
ating orthodontic movements by displacing bone blocks, more than 6 decades ago. He
hypothesized that it was the cortical bone that slowed the orthodontic movement of
teeth and so why not weaken it by osteotomizing it? He advocated buccal and lingual
interdental corticotomies together with supra-apical horizontal osteotomies connect-
ing the two vertical cuts. Though accelerated orthodontic movements were achieved,
he encountered quite a few complications like the non-vitality of teeth. It should be
noted that Kole achieved the tooth movements using removable appliances fitted with
adjustable screws. Others tried to build on this technique with Duker in 1975 [39]
sparing the crestal bone in his corticotomies and Suya [40] replacing the supra-apical
osteotomy with a corticotomy in 1991.

According to T. Gellee, et al. [41], PAOO also allows larger tooth displacements,
areduction in the risk of root resorption, and a gain in stability after the removal of
orthodontic devices.
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6. Periodontal therapy and orthodontics

According to the American Association of Orthodontists, one in four orthodontic
patients is an adult. Some studies suggest that almost 40% of the patients are adults.
As more and more adult patients seek orthodontic treatment for various reasons, it
can be challenging for the orthodontist to tailor his/her techniques to the specific
patient. Many of these patients might have underlying periodontal problems that
can affect the treatment process as well as its outcome. The periodontist can play an
active role in ensuring the success of the orthodontic treatment—in adult patients or
adolescents. This role can be before, during, or after the orthodontic treatment.

6.1 Pretreatment

A thorough periodontal examination/charting is of utmost importance for every
orthodontic patient, especially if skeletal growth has been completed. This is to
identify and manage active conditions such as gingivitis and periodontitis as well as
conditions that result in deficiency of soft or hard tissues or both. In ideal conditions,
and with good oral hygiene, gingival health can be maintained with as little as 1-2 mm
of keratinized gingiva. But soft tissue grafting might be indicated under the following

circumstances:

1. when the buccal displacement of the roots is planned during the treatment or
when treatment might result in thinning of the gingiva.

2.chronically inflamed areas of keratinized gingiva or no area of keratinized
gingiva where the alveolar mucosa prevents optimal plaque control.

3. minimal areas of attached gingiva compromised by a shallow vestibule or
frenum pull.

4.advancing gingival recession.
The techniques that are available to correct these conditions include the following:
1. Laterally or coronally advanced pedicle grafts.

2. Coronally advanced flaps alone or in conjunction with barrier membranes or
enamel matrix proteins.

3.Free gingival grafts.

4. Subepithelial connective tissue autografts.

5. Allografts.

Every patient should undergo professional plaque removal and root debridement
before the start of the treatment. Oral hygiene instructions should be reinforced

because it has been shown that orthodontic bands, elastics, etc., tend to retain plaque,
resulting in gingivitis, which may then proceed to periodontitis. Orthodontically
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induced remodeling process may have a positive effect on bone, so extensive osseous
surgery is usually not indicated at this time. But sometimes osseous surgery might be
indicated in the following conditions:

1. osseous craters—these two-wall defects are mainly on the mesial and distal
surfaces of the roots. If they are shallow craters (4-5 mm pocket depth), they
might be left alone but more extensive ones might have to be treated.

2.3-wall intra-bony defects—these may be treated using bone grafts with or
without membranes. Even though autografts are considered the gold standard
for bone grafts, allografts also have been proven to give good results.

3. Furcation defects—this might be treated by open flap debridement followed by
placement of the graft, etc., depending on the severity of the defect.

4.Crown lengthening—when the clinical crown is small, there might be a need to
lengthen the crown utilizing gingivectomy procedures alone or in combination
with osseous resection and apical repositioning of the gingiva.

The American Academy of Periodontology’s systematic review on whether peri-
odontal phenotype modification therapy (PhMT) involving hard tissue augmentation
(PhMT-b) or soft tissue augmentation (PhMT-s) has clinical benefits for patients
undergoing orthodontic treatment concluded that PAMT via corticotomy with
particulate bone grafting (PhMT-b along with CAOT) may provide clinical benefits
of augmenting periodontal phenotype, accelerating tooth movement, expanding
the scope of incisor movement, and enhancing post-orthodontic stability of the
mandibular anterior teeth. This study also says that the benefits of PhMT-s alone
during orthodontic treatment remain undetermined because of the limited studies
available [42].

6.2 During orthodontic treatment

The maintenance of oral hygiene during treatment is of paramount importance.
During each visit reinforcement of oral hygiene instructions have to be carried out
along with motivating the patient to do so. Periodontal evaluation every 6 months and
radiographic examination once in a year would be ideal. Procedures like frenectomy
might have to be carried out during the treatment period if the orthodontist feels that
diastema closure, etc. are being hampered by an aberrant frenum.

6.3 Post-orthodontic phase

Regular periodontal charting should be carried out in patients who have
completed their treatment. Depending on the case, circumferential supracrestal
fiberotomy (CSF) may have to be carried out during the end part of the treatment
or after the treatment is over. This is expected to release the tension on the supra-
alveolar fibers following tooth de-rotation, thereby reducing the relapse risk. Reham
Al-Jasser, et al. [43] in their study found that “post-treatment rotational relapse of
anterior teeth subjected to CSF was minimal and statistically insignificant after 1 year
of follow-up.”
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7. The periodontally compromised patient and orthodontics

Most orthodontists may be worried about carrying out orthodontic treatment in
periodontally compromised patients and with good reason. At the same time, studies
show that a large percentage (~65%) of patients with moderate to severe periodon-
titis are interested in such treatment for esthetic and functional changes caused by
pathologic tooth migration [44].

Many questions need to be answered in these periodontally compromised patients
who opt for orthodontic treatment. Some of the findings of a comprehensive search
on PubMed focusing on “ortho-perio treatments” are as follows [45]:

1. Best time to start orthodontic treatment following periodontal therapy.

According to the authors, in periodontally compromised cases that have
undergone periodontal therapy, it is better to start orthodontic treatment as
follows:

1.3 to 6 months after non-surgical/surgical periodontal treatment and

2.9 to 12 months after regenerative surgical procedures.

2. Acceptable periodontal status for orthodontic treatment

It is important to achieve low rates of full-mouth plaque and bleeding on probing
after active periodontal treatment with scores <25% of previous ones. They
recommend that these low scores (i.e., optimal plaque control without clinical
gingival inflammation) be reached and maintained during the entire phase of
orthodontic therapy and they think that without these conditions, orthodontic
tooth movement should be discontinued.

3. Biologic efficacy of orthodontic treatment

A combined periodontist-orthodontist diagnostic and treatment endeavor

in periodontally compromised patients can result in improved masticatory
efficiency by a more balanced occlusion brought about by a realignment of the
migrated teeth. The realignment may also result in the periodontal structures
being better able to carry out their assigned functions.

According to Lindhe J and Ericsson I [46], a healthy periodontium with reduced
height has a capacity similar to that of a normal periodontium to adapt to traumatiz-
ing occlusal forces. Wennstrém JL, et al. [47] state that sites with the horizontal bone
loss after periodontal therapy will not be negatively influenced by the type of tooth
movement once the individualized orthodontic mechanics are established (i.e., an
appropriate ratio force/% remaining periodontal support). According to Polson A,
et al., if teeth are moved through or into vertical bone defects, it can increase the rate
of destruction of these periodontal structures. At the same time, if the OTM into
infrabony pockets is done after successful elimination of subgingival infection, it will
not result in adverse effects. They concluded that this movement/treatment will not
bring about changes in the periodontal ligament attachment level; instead, the forma-
tion of a long junctional epithelium is what will be achieved [48].
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According to Melsen B, et al. [49], “orthodontic intrusion at healthy sites can lead
to new cementum formation and new collagen attachment, whereas for sites lacking
proper oral hygiene, results vary from a moderate new attachment development to a
worsening of the alveolar bone loss.” And in a subsequent study, Melsen B [50] recom-
mends that “the intrusion movement should be carefully planned as it can increase
the risk of other adverse effects not desired in patients with a reduced periodontium,
such as alveolar process reduction and root resorption.”

Cassio Volponi Carvalho, et al. [51] studied the effects of orthodontic movement
in the periodontal tissues of 10 adult patients with aggressive periodontitis and com-
pared them with 10 patients with healthy periodontium. They evaluated the probing
pocket depth, clinical attachment level, bleeding on probing, and dental plaque index
before, during and 4 months after orthodontic treatment. They found improvement
in all the above parameters, 4 months after orthodontic treatment.

Despite advances in therapeutics as well as our increased knowledge of the biologi-
cal effects of orthodontic treatment, it might be better to avoid OTM in conditions
such as uncontrolled infection/inflammation, inadequate anchorage, conditions
where periodontal health might not improve despite periodontal therapy.

8. Conclusion

This chapter has attempted to portray the roles the periodontium, inflammation,
and periodontal therapy play during the planning and execution of orthodontic
treatment as well as once it is completed. It also discusses orthodontics in the peri-
odontally compromised patient. There is a huge void in our knowledge about various
aspects of the orthodontic movement of teeth and their effects on the periodontium.
It is also evident that for the long-term success of orthodontic treatment, especially
in the periodontally compromised patient, joining forces of the orthodontist and the
periodontist would benefit patients as well as both the specialties.
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Chapter 3

Current Methods for Acceleration
of Orthodontic Tooth Movement

Mehmet Akin and Leyla Cime Akbaydogan

Abstract

The awareness of the society and, accordingly, the number of patients who
need orthodontic treatment has increased gradually. Nowadays, the importance
of the concept of time has focused the attention of researchers on the completion
of orthodontic treatments in a shorter time. Heavy forces applied to shorten the
treatment period in orthodontic treatments cause many undesirable conditions, such
as root resorption, crushing of periodontal fibers, and formation of hyalinization
tissue. Therefore, researchers are working on methods that will accelerate orthodontic
tooth movement and shorten the treatment time. In this section, applications that
accelerate orthodontic tooth movement will be discussed.

Keywords: tooth movement, piezocision, propel, vibration, corticotomy

1. Introduction

As aresult of the awareness of the society and the increasing interest in esthetic
appearance, the number of patients who want to receive orthodontic treatment, espe-
cially in adults, is increasing [1]. However, one of the biggest problems in orthodontic
treatments is the length of the treatment period [2]. Increased caries risk [3, 4],
external root resorption risk, [5, 6] and decreased patient cooperation [7] in long-
term orthodontic treatments lower its success. For some patients, the long duration
of orthodontic treatment may be the only reason for their refusal [8]. The fact that
the concept of time has gained importance for both patients and physicians has led
researchers to work on completing orthodontic treatment in a shorter time [9].

The methods used to accelerate tooth movement in orthodontic treatment are
examined under three main titles as pharmacological and biological applications,
mechanical-physical applications and surgical applications [10].

2. The methods used to accelerate tooth movement in orthodontic treatment
2.1 Pharmacological and biological applications
2.1.1 Prostaglandins

Prostaglandins, especially prostaglandin E2 (PGE2), are one of the most effective
regulators of bone metabolism [11]. Since prostaglandins play a role in both bone
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destruction and bone formation, researchers have conducted many studies on the role
of prostaglandins during tooth movement [11-14].

Yamasaki et al., in their clinical study, injected prostaglandin E1 (PGE1) submu-
cosal into the distal canine tooth during canine distalization and reported that tooth
movement occurred twice as fast. They stated that it is an effective and safe method
that can be used to accelerate tooth movement without causing any side effects other
than mild pain in patients [15].

Leiker et al., in an animal study examining the effects of PGE2 dose and the
number of applications on orthodontic tooth movement, reported that there was no
significant difference between a single dose and multiple applications; however, high
doses and multiple injections may cause an increase in root resorption [12].

2.1.2 Corticosteroids

Also called steroids are a group of substances used as anti-inflammatory drugs for
a wide range of conditions; its name was derived from an internal hormone produced
by the adrenal cortex. Cortisone is the most famous type of this group that is used in
the treatment of many inflammatory and autoimmune diseases such as rheumatoid
arthritis, skin diseases, ulcerative colitis, adrenal insufficiency and asthma [16]. The
effects of corticosteroid on the bone turnover were demonstrated in different stud-
ies, but the mechanism by which corticosteroids suppress the bone formation and
increase bone resorption is still not really understood [17].

Ashcraft et al., in a study that included 16 New Zealand rabbits, in which they
examined the effect of corticosteroids on tooth movement speed, stated that the speed
of tooth movement was four times higher in the experimental group in which they
gave cortisone acetate compared to the control group. In addition, in the histopatho-
logical examination of the bone sections they took, it was stated that the areas of bone
resorption were higher in the experimental group than in the control group [18].

Ong et al. reported that there was no significant change in orthodontic tooth
movement speed, but root resorption was less in their study on rabbits to which they
applied prednisolone, a corticosteroid derivative [19].

2.1.3 Parathyroid hormone

The main task of the parathyroid hormone is to maintain the calcium balance in
the body together with the hormones calcitonin and 1,25 dihydroxycholecalciferol.
Parathyroid hormone accelerates bone remodeling by stimulating osteoclasts and
osteoblasts [20].

Gianelly injected parathyroid hormone (PTH) locally into the distal mucosa of
the upper left incisors of six rats and investigated its effect on tooth motility. Asa
result, he reported that the amount of tooth movement was higher in the PTH applied
group [21].

Goldie and King reported in their study that in the group fed with a calcium-defi-
cient diet, parathyroid hormone secretion increased and resulted in a decrease in bone
density, resulting in increased tooth movement speed and less root resorption [22].

2.1.4 1,25-Hydroxyvitamin D

Another factor that is important in orthodontic tooth movement is 1,25 dihy-
droxycholecalciferol (1,25-DHCC), the active form of vitamin D, and is involved

48



Current Methods for Acceleration of Orthodontic Tooth Movement
DOIT: http://dx.doi.org/10.5772/intechopen.100221

in calcium hemostasis. 1,25-DHCC stimulates bone deposition and inhibits PTH
release. While it does not affect bone resorption at physiological doses, low doses
stimulate the release of receptor activator nuclear kappa B ligand (RANKL) from
osteoblasts, changing the receptor activator nuclear kappa B (RANK)/RANKL ratio
and causing differentiation of osteoclasts. Thus, it takes part in the osteoclastic
activity. It has also been shown to play a role in osteoblastic cell differentiation and
bone mineralization in a dose-dependent manner in addition to its bone resorption
function [14].

Collins and Sinclair examined the effects of injection of the active form of vitamin
D on tooth movement in their study and reported that there was a 60% increase in
tooth movement speed compared to the control group [23].

Takano-Yamamoto et al., in their study on rats, applied force to the maxillary first
molar and additionally injected 1,25-dihydroxycholecalciferol locally every three days
[24]. As a result, they reported that local injection of 1,25-dihydroxycholecalciferol
with mechanical forces accelerated tooth movement, and the pause in tooth move-
ment determined in the control group was not observed in the experimental group.

Kale et al., in their study evaluating the effects of locally applied 1,25-dihydroxy-
cholecalciferol and PGE2 on orthodontic tooth movement using histological param-
eters, reported that both applications increased the speed of tooth movement, but the
effects of the applications on the amount of tooth movement were similar [14].

2.1.5 Osteocalcin

Osteocalcin is a non-collagenous matrix protein that is abundant in bone tissue
and functions as a negative regulator of mineral apposition and bone formation due to
its high-binding strength with calcium and hydroxyapatite [25].

Hashimoto et al. injected local osteocalcin to the maxillary first molars of rats,
while applying mesial motion with a spiral spring, and evaluated tooth movement
histologically for a period of 10 days [26]. In their results, they determined that local
application of osteocalcin accelerated tooth movement and explained this with the
increase of osteoclast on the pressure side in the early period.

2.1.6 Nitric oxide

Nitric oxide is synthesized from arginine by the enzyme nitric oxide synthase. It is
a short-lived molecule that plays a key role in the regulation of some functions of the
nervous, defense, respiratory, circulatory, and reproductive systems [27]. Nitric oxide
is also important in bone turnover and the regulation of pulpal blood flow [28].

Shirazi et al. injected L-arginine G-nitro-L-arginine methyl ester into experimen-
tal animals in their study. As a result, they reported increased bone remodeling and
osteoclastic activity [28].

Akin et al., in their study, reported a significant increase in multinucleated osteo-
clasts, howship lacunae, vascularization and orthodontic tooth movement as a result
of nitric oxide injection in rats [29].

2.1.7 Platelet rich plasma (PRP) and platelet vich fibrin (PRF)

Recently, there have been studies investigating the effect of PRP and PRF on
orthodontic tooth movement speed. Studies have reported that these applications can
accelerate orthodontic tooth movement [30-34].
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In the last two decades, after a better understanding of the role of platelets in
wound healing, the idea of using these cells for treatment has been proposed. The
new autogenous product called PRP has been widely used in orthopedics, plastic
surgery, and dentistry [35]. PRP is the plasma fraction obtained by centrifuging
whole blood and containing a higher concentration of platelets than whole blood.

It contains a high amount of platelets, growth factors, and coagulation factors in
PRP [36].

After tooth extraction, resorptive remodeling of the alveolar bone usually occurs.
This event is beneficial in accelerating tooth movement in patients with moderate
crowding and undergoing fixed orthodontic treatment [37, 38].

In the literature, there are studies on the use of various bioactive grafts to
increase the orthodontic tooth movement speed [39]. In orthodontic treatment,

a sufficient amount of alveolar bone is required for successful orthodontic tooth
movement during the closure of the extraction space. However, the application of
different graft materials can promote bone formation. It has been reported that PRF
has positive effects on bone healing, socket protection and acceleration of tooth
movement [34].

In studies, it has been observed that PRP, which is applied at a high level, inhibits
the division of bone cells and reduces bone density, and it is therefore thought that
orthodontic tooth movement can be accelerated with this application [31, 40, 41].
Giileg et al., as a result of their experimental studies in which medium- and high-level
PRP was injected into the mesial side of the first molar teeth of rats, showed that
high-level PRP accelerated tooth movement by temporarily activating osteoclastic
activity and that medium-level PRP applied at high level [31]. They reported that it
accelerated tooth movement, although less than PRP. Rashid et al. reported in their
study on dogs that local PRP injection can accelerate tooth movement without clinical
and microscopic side effects [32].

Liou reported in their research on humans that submucosal PRP injection can
increase the speed of tooth movement without surgical application and alveolar
bone loss. In his clinical study, he reported that local submucosal PRP injection was
1.7 times faster in maxillary and mandibular leveling and this acceleration was PRP
dose-dependent [30]. This PRP ratio (platelet count in PRP/platelet count in the
blood) is <12.5. He stated that the ideal number of PRP platelets to be used to acceler-
ate tooth movement should be 9.5-12.5 times the normal. On the other hand, PRP
injection during en-masse retraction reduced alveolar bone loss by 71-77% on the
pressure side, which is also dose-dependent. The optimal dose of PRP for optimal
clinical performance is 11.0-12.5-folds, with submucosal injection of PRP accelerat-
ing orthodontic tooth movement and at the same time protecting the alveolar bone
on the pressure side of orthodontic tooth movement. A single dose of PRP injection
is effective for 5-6 months. It has been reported that the most effective period of PRP
injection in accelerating tooth movement is the second half of the 4th month after the
injection.

Tehranchi et al. in their study on humans, in eight patients who needed bilateral
first premolar extraction, L-PRF was placed in the extraction socket on one side
following a tooth extraction, and the opposite side constituted the control group. As
aresult of the study, tooth movement was found to be faster on the side where L-PRF
was inserted into the extraction socket compared to the control side [34].

Nemtoi et al. reported that PRF placed in the extraction socket accelerates bone
regeneration and tooth movement compared to the control side, and anterior and
posterior teeth move faster toward the extraction cavity [33].
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2.2 Physical/mechanical stimulation methods
2.2.1 Resonance vibration

In order to accelerate tooth movement, resonance or ultrasonic vibration applica-
tions are made. The application of vibration to accelerate tooth movement was first
tried by Krishtab et al. [42]. Later, Ohmae et al. argued that ultrasonic vibration
increases the speed of tooth movement, but they reported that ultrasonic vibration
has a detrimental effect on the dental pulp [43].

Nishimura et al. showed in their study on rats that resonance vibration increases
the speed of tooth movement and does not cause periodontal damage. They reported
that the resonance vibration method was effective with the activation of RANK-
RANKL in periodontal tissues [44].

In their study, Kau et al. had 14 patients undergoing fixed orthodontic treat-
ment use a new commercial product, Acceledent™ (OrthoAccel Technologies, Inc.,
Bellaire, TX, USA) (Figure 1) for 20 minutes a day, in accordance with the manu-
facturer’s recommendations [45]. They reported that there was an increase in tooth
movement speed compared to the control group, which did not apply any accelera-
tion method.

2.2.2 Direct electric current and electromagnetic stimulation

In animal studies investigating the effect of direct electric current on tooth move-
ment, it has been reported that direct current is applied to the anode in the pressure
regions and the cathode in the voltage regions, changing the bioelectric potential of
the direct current and accelerating tooth movement. However, it has been reported
that electrical current may have side effects such as ionic reactions causing damage to
tissues and displacement of bone tissue with connective tissue [46].

Darendeliler et al. suggested that the static magnetic field accelerates tooth move-
ment by shortening the pause period in which orthodontic tooth movement is not
seen. It has been reported that the electromagnetic field affects the level of a group
of enzymes responsible for the regulation of intracellular metabolism by changing
the sodium-calcium exchange rate in the cell membrane, thereby increasing cellular
proliferation [47]. By affecting the cellular activity in the periodontal space, it acceler-
ates both osteoclastic and osteoblastic activities, and thus, the movement takes place
in a shorter time in force-applied teeth. It has been reported that due to the stabiliza-
tion of the rate of resorption due to increased bone formation, mobility in the teeth

Figure 1.
Acceledent™,
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decreases and pain is not observed in teeth exposed to chewing forces [48, 49]. Ina
study on the side effects of this method, it was reported that minor changes in blood
chemistry may occur with a decrease in serum calcium level [47].

2.2.3 Low-level laser irvadiation therapy

One of the techniques developed to accelerate tooth movement is low-dose
laser application. Laser is a light source obtained by stimulating and amplifying
radiation [50].

Laser application: It has been stated that it stimulates the proliferation of osteo-
clasts, osteoblasts, and fibroblasts and thus accelerates tooth movement by affecting
bone remodeling [51]. Low-dose laser application activates the cytochrome C oxidase
enzyme in electron transfer, causing an increase in adenosine triphosphate (ATP) in
the cell, thus accelerating the tooth movement [52]. It has been reported that low-dose
laser application accelerates tooth movement through RANK-RANKL, M-CSF, and
the receptor of this factor [53].

In an animal study in which the effect of low-dose laser application on tooth move-
ment speed was examined for the first time, 10 g orthodontic force was applied to the
molar teeth of experimental animals for 12 days in three parts of the teeth (buccal,
palatal, mesial) for a total of 9 minutes a day, 35.3 W/cm?2 (54 Joule) Gallium alumi-
num arsenide (GaAlAr) diode laser with a wavelength of 830 nanometers (nm) was
applied. As aresult of histomorphometric and histological analyzes, it was reported
that there was an increase in bone remodeling and a 1.3-fold acceleration in tooth
movement with laser application [54].

Cruz et al. conducted the first clinical study on the effect of low-dose laser applica-
tion on tooth movement and applied only mechanical activation on one side of the
arch and laser with mechanical activation on the other side in 11 patients who were
planned to undergo canine distalization [55]. After each force activation, GaAlAr
semiconductor diode laser was applied at a power of 780 nm and a dose of 5 J/cm?2 for
10 seconds. They showed that they could accelerate tooth movement by 34% when
they applied four times a month over the mucosa from the buccal and palatal of the
canine tooth to the cervical, middle and apical third of the root. They also found a
significant reduction in patient discomfort and pain sensation.

Seifi et al. and Yamaguchi et al. reported that laser application did not cause any
change in tooth movement speed [13, 56].

There have also been several studies showing contrasting results with low-level
laser therapy. Therefore, more studies are needed to distinguish the optimum wave-
length, optimum energy, and optimum duration.

3. Surgical methods
3.1 Corticotomy and osteotomy

Corticotomy and osteotomy are surgical techniques that have been used clinically
for many years. Osteotomy a is surgical cut in the bone, including the cortical and
trabecular bone [57, 58]. Corticotomy is incisions, cut and perforation procedures
performed only in the cortical bone, not involving the medullary bone [51].

Corticotomy-assisted orthodontic tooth movement was first described by LC
Bryan in 1893 [59]. However, corticotomy performed by Henrich Kéle in 1959 to
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accelerate orthodontic tooth movement is an evolution in this regard [60]. Kdle
thought that the main resistance to tooth movement was the cortical bone and that
tooth movement could be accelerated by disrupting the integrity and continuity

of the cortical bone. Kéle created “bone blocks” by making interradicular vertical
corticotomy incisions on the buccal and palatal surface and subapical horizontal oste-
otomy incisions connecting these incisions in the buccopalatinal direction. He made
the incisions only in the cortical bone without causing any damage to the cancellous
bone. He reported that when high orthopedic forces are applied with adjustable screw
appliances, major active tooth movement can be completed within 6-12 weeks [60].

The changes that occur in the bone after corticotomy was first described by
Herald Frost as the Regional Acceleratory Phenomena (RAP) [61]. Based on this
phenomenon, increasing the rate of tooth movement is not due to the decreasing bone
resistance only but also the effects of the healing process on the rapidity of bone cell
activation.

The most widely accepted technique today was put forward by Wilcko et al.

[62, 63]. According to the results of their studies, they stated that tooth movement
resulted from demineralization and remineralization in reversible osteopenia occur-
ring in the alveolar bone during wound healing, in line with RAP, rather than bone
block movement.

The Wilcko brothers introduced the technique called “accelerated osteogenic
orthodontics”(AOO), in which they combined selective alveolar decortication,
alveolar augmentation, and orthodontic tooth movement, later called “periodontally
accelerated osteogenic orthodontics”(PAOO) or “Wilckodontics.” The basic principle
in this technique is to create a layer of bone of 1.5 mm or less on the root surface in
the direction of intended tooth movement. Similar to techniques in which bone block
is created, the flap is raised and vertical corticotomies are performed. Alternatively,
horizontal corticotomies that do not descend into the medullary bone are performed
under the roots of the teeth to be moved. Thus, it was stated that the vitality of the
teeth was preserved. In order to accelerate healing, a bone graft was applied and RAP
was modified. (Figure 2) As a result of the study, no periodontal problems, root
resorption, luxation, and changes in alveolar bone height were found, and the dura-
tion of orthodontic treatment was reduced by 1/3 or 1/4 [62, 63].

The advantages of the technique are shortening the treatment period compared
to conventional treatments, moving the teeth more, reducing hyalinization and root
resorption due to the decrease in the pressure in the periodontal ligament, treating
bone defects by grafting, and decreasing the recurrence rate by deteriorating tissue
memory with corticotomies. The invasive surgical procedure, additional costs, risk of
bone loss, and complications such as pain, edema and infection due to surgery are also
disadvantages of the technique [62, 63].

The “rapid orthodontic treatment” technique developed by Chung is based on cor-
ticotomy and serial movement of the dentoalveolar segments with orthopedic forces
[64]. The method is similar to the accelerated osteogenic orthodontic technique, but
the difference of this technique is that the dentoalveolar segment is also moved along
with the teeth [65].

3.1.1 Distracting the periodontal ligament

Liou and Huang, in their study, defined the technique as “distraction of the peri-
odontal ligament,” which is based on the formation of new bone due to the tension
of the healing bone, by reducing bone resistance in principle similar to distraction
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Figure 2.
Treatment of a 23 year-old male patient. A, Before treatment, anterior view. B, After treatment, total AOO
treatment time 6 months 2 weeks,anterior view. Corticotomy and bone grafting (Wilcko 2009).

osteogenesis. The aim of this technique is to distalize in a short time, to prevent loss

of anchorage in posterior teeth and resorption of canine teeth. In cases where they
applied fixed treatment with first premolar extraction in this technique, the interseptal
bone distal to the canine after extraction was vertically weakened with a drill [66].
Following the surgical procedures, a special tooth-supported intraoral distractors

were placed and activated 0.5-1 mm per day. With this technique, the canines were
moved 6.5 mm toward the extraction space in three weeks. It has been reported that
this technique can accelerate tooth movement without causing serious root resorption,
ankylosis and root fracture [51]. However, some conflicting results have been reported
regarding the vitality of distalized canine teeth. Liou and Huang reported that 9 out of
26 teeth responded positively to the vitality test, while 7 out of 20 teeth responded pos-
itively to the vitality test after the sixth month of retraction, in the study by Sukurica
etal. [66, 67]. Therefore, there are still uncertainties regarding this technique.

3.1.2 Dentoalveolar distvaction

Dentoalveolar distraction differs from periodontal ligament distraction in that the
tooth is moved together with the surrounding bone. Kisnisci et al. presented this tech-
nique in order to shorten the duration of orthodontic treatment. In this technique,
following the extraction of the first premolar tooth, the alveolar segment around the
canine was mobilized and an intraoral distractor was placed and 0.8 mm of tooth
movement per day was performed. Canine distalization was completed in 8-14 days.
Researchers stated that there was no loss of anchorage, root resorption, ankylosis and
discoloration in the first molar teeth [68, 69].
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3.1.3 Micro-osteoperforation (MOP)

The method of creating holes in the alveolar bone to increase osteoclastic activity
in order to accelerate orthodontic tooth movement is called “alveosynthesis.” For this
purpose, a disposable device called propel was designed by “propel orthodontics.” It
has been reported that microosteoperforations (MOPs) applied during canine distal-
ization cause a significant increase in the amount of cytokines that increase osteoclast
differentiation and number. It has been found that MOPs increase tooth movement
2-3 times compared to the control group during canine distalization. It was stated to
be a comfortable and reliable method [70].

3.1.4 Piezocision

Corticotomy, which is one of the methods applied to accelerate orthodontic tooth
movement, is an effective method, but it is a highly invasive method. Because it
requires wide flap removal and bone surgery, which can cause discomfort and com-
plications after surgery [71]. Vercellotti and Podesta, in their study, recommended the
use of a piezosurgical blade in order to create safer and more precise corticotomies
without causing osteonecrotic damage after flap removal in order to reduce surgi-
cal trauma and accelerate tooth movement [72]. Kim et al. applied the corticization
method, which is a method that causes surgical damage to the bone without lifting
the flap. They argued that this method increased the effect of BHF and accelerated
tooth movement. However, due to the difficulty of accessing the periodontium and
the surgical procedures, temporary dizziness was observed in the patients [73]. Most
recently, Dibart et al. introduced the “piezoincision” technique, which is a new and
minimally invasive method and performed without flap lifting [74].

As aresult of a histological study, it has been shown that decortication with
piezoincision has an effect similar to the BHF effect. In this study, it was shown histo-
logically that transient osteopenia occurred and osteoclastic activity was stimulated in
as little as one day. In addition, it has been determined that piezoincision application
creates deeper demineralization areas and accordingly tooth movement is twice as fast
[75] (Figure 3).

It has been reported that, depending on the difficulty of tooth movement and
the bone morphology of the patient, the piezoincision procedure can be repeated
5-6 months later in order to reactivate the RAP [76].

Figure 3.
RAP with piezocision. (Dibart 2015).
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Aksakalli et al., in their study investigating the effect of piezoincision during
canine distalization, reported that tooth movement speed increased, anchorage
control was better in posterior teeth, and there was no transversal narrowing in the
upper jaw. They also stated that periodontal health was not adversely affected [77].

It has been reported that the possibility of bacterial endocarditis should be consid-
ered in high-risk patients, since bacteremia may occur temporarily in patients with
piezoincision [78].

The most important feature of piezoelectric surgery devices is that when they
come into contact with soft tissue, the tissue can absorb vibrations and disperse them
by converting them to a slight heat. In this case, the device cannot make the incision.
When the physician realizes that the vibrations have stopped, he realizes that he is in
contact with the soft tissue and stops the procedure. Even when you continue to force
it in the same position, no rupture occurs in the vessels or nerves. In the worst case,
the damage will usually be reversible. Due to this feature, it is possible to make precise
incisions without damaging tissues such as nerves, vessels, and membranes [79]. One
of the important advantages of the device is the cavitation phenomenon created by
ultrasonic frequency. The cooling solution applied during the procedure takes the
form of an aerosol and washes the treated area, clogs small vessels, and removes tissue
residues and blood. In this way, it both reduces bleeding and provides a good viewing
angle [80]. It is possible to make more precise incisions since macro-vibrations do not
occur as in conventional techniques [81]. In addition, it is more comfortable for the
patient as it produces less vibration and noise [82].

The vibrations created by the device and the shock waves that occur in the liquid
environment act as a disinfectant and reduce the bacteria [83]. In another study, it
was stated that the application of piezoincision may cause transient bacteremia and
therefore the risk of bacterial endocarditis should be considered [78]. As a result of
the examinations made on the bone fragments exposed during the surgical procedure,
it was determined that the cells were alive and necrosis did not occur in the bone
tissue [84]. It is more advantageous than conventional techniques in terms of wound
healing and new bone formation, thanks to the reduction of the risk of necrosis and
the ability to make precise incisions with micro-vibrations [72].

4. Conclusions
In the literature, there are many invasive and non-invasive methods that accelerate

orthodontic tooth movement. More extensive studies should be done on this subject.

Conflict of interest

The authors declare no conflict of interest.

Acronyms and abbreviations

PGE2 prostaglandin E2
PGE1 prostaglandin E1
PTH parathyroid hormone

1,25-DHCC 1,25 dihydroxycholecalciferol
56



Current Methods for Acceleration of Orthodontic Tooth Movement
DOI: http://dx.doi.org/10.5772/intechopen.100221

RANK receptor activator nuclear kappa B
RANKL receptor activator nuclear kappa B ligand
PRP platelet-rich Plasma

PRF platelet-rich Fibrin

ATP Adenosine triphosphate

GaAlAr gallium aluminum arsenide

RAP Regional acceleratory phenomena

MOP micro-osteoperforation

AOO accelerated osteogenic orthodontics
PAOO periodontally accelerated osteogenic orthodontics
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Chapter 4

Short Root Anomaly in a Hispanic
Population: Risk for Orthodontic
Root Resorption

Tava Emerick, Maria Grace Viana and Carla A. Evans

Abstract

While the presentation of Short Root Anomaly (SRA) in Hispanic patients has been
described previously, it is not known if this population is predisposed to increased
orthodontic root resorption. This study evaluates the response of pre-existing short
roots in Hispanic SRA patients to orthodontic treatment. Selected maxillary and
mandibular teeth of 40 Hispanic SRA patients (19 male, 21 female) and 40 age and
gender matched Caucasian patients (19 male, 21 female) with normal root length were
evaluated for root resorption following comprehensive orthodontic treatment. The age
range of the subjects was between 10 and 19 years. Relative root length was calculated
before and after orthodontic treatment from digital panoramic radiographs. Overall,
statistically significant root resorption occurred in the control group, but orthodontic
root resorption was not significant in the Hispanic group (p > 0.05). When genders
were separated, Hispanic females did experience a mild degree of root resorption in
the upper incisors while resorption in Hispanic males was not significant. Caucasian
females experienced greater root resorption than Caucasian males. Hispanic SRA
patients may be safely treated with comprehensive orthodontics and could be at no
more risk of root resorption than Caucasian patients with normal initial root length.

Keywords: orthodontics, short root anomaly, root resorption, Hispanics

1. Introduction

There are two main causes of short dental roots: 1) disturbances during root
development or 2) resorption of well-developed roots. Developmentally short-rooted
permanent teeth can be genetic, known as short root anomaly (SRA) [1, 2], or exog-
enous, including irradiation of the head and neck and/or chemotherapy in childhood
during tooth development [3]. Resorption of dental roots as a result of orthodontic
treatment is termed Orthodontically Induced Inflammatory Root Resorption (OIIRR)
and is believed to result from a combination of genetics, environmental, and mechan-
ical factors. Puranik et al. [4] identified a population of Hispanic orthodontic patients
presenting with SRA. Although the Hispanic population only comprises 17.8% of
the U.S. population, it is the largest minority ethnicity with 57.5 million people and
continues to grow [5].
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In cases of pre-existing short root length (Figure 1), orthodontists should be
aware if greater root resorption is anticipated as normal orthodontic treatment could
sentence these teeth to exfoliation or extraction. Short dental roots may complicate
dental treatment planning when considering anchorage or estimating the ability of
a tooth to carry masticatory forces. Two recent publications proposed such potential
hazards, but did not supply clinical evidence [6, 7]. This is the first study, to the
authors’ knowledge, that has investigated the response of dental roots to orthodontic
treatment in a Hispanic SRA population.

Root resorption is a common side effect of orthodontic treatment and is estimated
to occur in 73% of orthodontically treated cases [8]. Luckily, in the majority of cases,
resorption is classified as mild to moderate [9] and is clinically insignificant. While
some studies have found females to experience more resorption [10], others report
that gender is unlikely to have an effect on root resorption [11].

Short-root anomaly (SRA) is a developmental phenomenon in which permanent
teeth never reach their normal length and appear very short and blunted [2]. Lind [1]
first described SRA in 1972 as “abnormally short roots of a characteristically plump
shape affecting maxillary central incisors primarily.” It is considered to be familial [1]
and prior to Lind, SRA was commonly misdiagnosed as root resorption. Interestingly,
multiple studies have suggested a primarily autosomal dominant inheritance pattern.
In a recent study by Puranik et al. [4], SRA was found to occur more frequently in
Latino individuals with the majority having localized SRA and the minority having
generalized SRA, in which every tooth in the mouth is affected [4].

Some studies have found that patients with short or blunted roots prior to treat-
ment, undergo significantly more root shortening during orthodontic treatment
than patients with no dental anomaly [12-14], while others have found a minor or
non-significant relationship between blunted roots and root resorption with orth-
odontic treatment [2, 15, 16] and still others report that blunted teeth experience less
resorption than normal-shaped teeth [11].

Figure 1.
Periapical radiograph showing an example of maxillary incisors in a Hispanic female subject with localized SRA
before starting orthodontic treatment.
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Some authors believe that this is due to a change in the position of the tooth’s cen-
ter of resistance, moving it more incisally. Studies that looked specifically at “pipette-
shaped” roots, rather than blunted, consistently found greater root resorption [11].
Correlations have also been found between initial tooth length and the amount of
resorption (i.e., a longer root was more likely to be resorbed with orthodontic treat-
ment) [11, 17]. Mirabella and Artun [17] argued that teeth with longer roots require
stronger orthodontic forces to move them; furthermore, the displacement of the root
apex is greater during tipping and torquing movements of longer rooted teeth.

The objective of this study was to assess changes in root lengths that occur with
orthodontic treatment by comparing: 1. pre-and post-treatment digital panoramic
radiographs of Hispanic patients presenting with short dental root lengths; 2. the
experience of Hispanic patients and Caucasian patients presenting with normal
dental root lengths; and 3. gender differences within each ethnicity group.

2. Comparison of treatment outcomes
2.1 Material and methods

This was a retrospective study that included male and female Hispanic and
Caucasian patients in a university orthodontic clinic. Dental records of 40 Hispanic
SRA and 40 Caucasian patients were collected. In this clinic, most of the Hispanic
patients are of Mexican heritage. The Hispanic group consisted of 19 male and 21
female adolescent patients and the Caucasian group consisted of 19 male and 21
female adolescent patients. The mean age of subjects was 14.7 + 1.91 years in the
Caucasian group and 13.9 + 1.86 years in the Hispanic group. All pre-existing records
were taken at the orthodontic clinic for comprehensive orthodontic treatment. All
radiographs were taken in the Radiology Clinic. Panoramic radiographs were taken
on a standard combined panoramic/cephalometric machine. All radiographs were
consistent with the standard of care for all orthodontic patients in the clinic and
included pre- and post-treatment panoramic radiographs. For every extraction case
in the Hispanic group, an extraction case in the Caucasian group was included. All
subjects were de-identified and assigned a coded number. Only the sex, ethnicity,
and age in years and months at the start of treatment were retrieved from the patient
chart. All subjects with developmental disorders or complicated medical histories
were excluded. Individual teeth were excluded if 1) the apex was not closed, 2) the
reference points were not clearly visible, 3) there was a history of dental trauma,
root canal therapy, orthodontics, or an incisal or full-coverage restoration, 4) attri-
tion or abrasion of the crown was present. In this study generalized and localized
SRA patients were grouped together even though their pathogenesis may differ. IRB
exemption was granted prior to data collection.

Root lengths were measured on maxillary and mandibular central and lateral
incisors, and second premolars, from the apex to the midpoint of the cementoenamel
junction (CEJ]) on panoramic radiographs. The aforementioned teeth were selected
because they are single-rooted teeth (with the exception of the variation in upper
second premolar) and the root outline of these teeth can be more clearly visible on
radiographs than multi-rooted teeth. Furthermore, SRA in a Mexican cohort most
commonly occurred in maxillary central incisors and mandibular second premolars
[4]. It is assumed that during orthodontic treatment, the crown length does not
change. Therefore, the ratio between the root and crown length should reflect any
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changes in root length. Crown and root lengths were measured on panoramic radio-
graphs using the Dolphin™ digital caliper (Dolphin Imaging 11.8, Chatsworth, CA).

The Lind method of relative root length calculation was used [1] in which the
midpoint of the mesial and distal CEJ (median CE]J) is used to demarcate the transi-
tion from crown to root. Root length was measured from the median CE]J (point M) to
the tip of the root (point R). Crown length was measured from point M to the incisal
edge or tip (point I). Relative root length was calculated by dividing point M to point
R length by point I to point M length [1]. Root length guidelines set by Holtta et al. [3]
were used in the measurements of all panoramic radiographs.

Statistical analysis was done using IBM SPSS Statistics for Windows (version 22.0,
IBM Corp., Armonk NY). Analyses were performed by the Explore function in SPSS
to check the raw data distribution by Shapiro-Wilk Tests of Normality. Parametric
tests were done based on the results that the majority of the variables showed normal
distribution of the data. Student Paired Sample ¢-tests were used to assess the mean
differences between pre and post measurements of all the variables in each of the
Hispanic and Caucasian groups with the sample gender in consideration. Independent
t-tests were done for the mean comparisons to all study variables between groups. All
values were considered statistically significant for a value of p<0.05.

2.2 Results

The Caucasian group had a statistically significant differences between pre-orth-
odontic treatment and post-orthodontic treatment relative root lengths (Table 1).
The post-orthodontic treatment relative root lengths (1.87 + 0.30) were significantly
less than the initial relative root lengths (2.10 + 0.29), indicating root resorption

Group Caucasian pre-orthodontic Caucasian post-orthodontic p-value
treatment Group treatment Group
(N =40) (N =40)

Tooth Mean S.D. Mean S.D.

UR5 1.89 0.27 1.69 0.33 .005"
UR2 224 0.27 1.90 0.40 .000
UR1 2.01 0.29 1.68 0.31 .000°
UL1 2.06 0.27 1.64 0.29 .000
UL2 219 0.30 1.82 0.32 .000°
UL5 1.96 0.30 171 0.26 .000
LL5 229 0.28 211 0.25 .000°
LL2 210 0.42 2.03 0.28 .387
LL1 2.09 0.28 2.06 0.24 613
LR1 212 0.31 199 0.29 048’
LR2 2.06 0.32 1.93 0.27 .038°
LR5 213 0.24 195 047 026"

Statistically significant at p < 0.05.

Table1.
Mean comparison of pre-orthodontic relative root lengths and post-orthodontic treatment relative voot lengths in
the Caucasian group.
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from the orthodontic treatment in the Caucasian group. The only measurements that
did not show statistical significance were the lower left lateral and lower left central
incisors.

Overall, there was only a mild difference between Hispanic initial relative root
lengths (1.57 + 0.27) and Hispanic post-orthodontic treatment relative root lengths
(1.55 £ 0.29) (Table 2). Significant root resorption was seen in five teeth: UR2, UR1,
UL1, LR1 and LR2. Differences were also seen in the mandibular left second premo-
lars which increased in relative root length after orthodontic treatment. Furthermore,
the percentage decrease in relative root length was consistently higher in the
Caucasian group (Tables1 and 2).

Genders were separated and post-treatment relative root lengths were compared
against pre-treatment relative root lengths in order to further evaluate any significant
root resorption that occurred with orthodontic treatment. There was no difference in
post-orthodontic treatment relative root length when sexes were compared within the
Hispanic group. However, there was a difference between males and females in post-
orthodontic treatment relative root length with Caucasian females (1.80 + 0.28) expe-
riencing a smaller post-orthodontic treatment relative root lengths than Caucasian
males (1.95 + 0.31). Statistically significant differences in post-orthodontic treatment
relative root length were found in four teeth when Caucasian male and Caucasian
female groups were compared (Tables 3 and 4). Specifically, the relative root lengths
of UR1, UL1, LL2, and LL1 were found to be significantly less in the Caucasian female
group than the Caucasian male group. Because there was no statistically significant
gender difference in pre-orthodontic treatment root lengths in the Caucasian group,
this finding suggests that Caucasian females experienced more root resorption from
the orthodontic treatment than Caucasian males.

Group Hispanic pre-orthodontic Hispanic post-orthodontic p-value
treatment Group treatment Group
(N=40) (N=40)

Tooth Mean S.D. Mean S.D.

URS 131 0.25 143 0.29 .009
UR2 1.83 0.25 1.65 0.22 002
UR1 134 0.34 122 0.33 .009
UL1 132 0.30 113 0.30 .000°
UL2 1.74 0.29 1.66 0.27 .070
UL5 131 0.20 1.50 0.35 .001
LL5 1.56 0.34 1.68 0.38 .008"
LL2 1.83 0.20 1.82 0.20 712
LL1 1.70 0.35 1.68 0.30 581
LR1 172 0.23 1.64 0.24 .048
LR2 178 0.27 1.68 0.18 .031
LR5 152 0.25 1.54 041 .830

Statistically significant at p < 0.05.

Table 2.
Mean comparison of the pre-orthodontic relative root lengths and post-orthodontic treatment velative root lengths
in the Hispanic group.
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Group CM pre-orthodontic treatment CM post-orthodontic treatment Group p-value
Group

(N =40) (N =40)
Tooth Mean S.D. Mean S.D.
UR5 179 0.21 167 0.35 252
UR2 231 0.30 1.99 041 .000"
UR1 2.01 0.29 179 0.36 .000
UL1 2.07 0.31 175 033 .000’
UL2 2.24 0.30 191 0.37 .006’
UL5 1.89 0.33 178 0.26 192
LL5 227 0.25 213 0.23 036
LL2 2.02 0.46 212 0.32 432
LL1 2.01 0.24 213 0.24 119
LR1 211 0.28 2.04 0.35 .387
LR2 199 031 2.01 0.30 .889
LR5 2.01 0.19 2.01 0.31 937

Statistically significant at p < 0.05.

Table 3.
Mean comparison of pre-orthodontic relative root lengths and post-orthodontic treatment relative root lengths in
the Caucasian male (CM) group.

Group CF pre-orthodontic treatment Group CF post-orthodontic treatment p-value
Group
(N=40) (N=40)

Tooth Mean S.D. Mean S.D.

URS5 2.00 0.28 171 0.32 .005'
UR2 217 0.24 1.82 0.39 .001
UR1 2.01 0.29 1.58 0.23 .000°
UL1 2.04 0.24 1.55 0.21 .000"
UL2 215 0.30 1.74 0.26 .000°
UL5 2.02 0.27 1.64 0.24 .000"
LL5 231 0.31 2.09 0.28 .004
LL2 218 0.36 193 0.21 016’
LL1 216 0.29 1.99 0.22 102
LR1 213 0.33 1.94 0.22 .077
LR2 211 0.32 1.86 0.24 .005'
LR5 2.24 0.23 191 0.57 013"

Statistically significant at p < 0.05.

Table 4.
Mean comparison of pre-orthodontic relative root lengths and post-orthodontic treatment relative root lengths in
the Caucasian female (CF) group.
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In the Caucasian male group, significance was found in five teeth: UR2, UR1, ULL1,
UL2, LL5 (Table 3). In all five teeth, the final was smaller than the initial, indicat-
ing that these teeth did in fact experience statistically significant orthodontic root
resorption.

Significance between pre and post-treatment relative root length was found for
nearly every tooth in the Caucasian female group: URS5, UR2, UR1, UL1, UL2, ULS5,
LL5, LL2, LR2, LR5 (Table 4). All teeth showed decreased relative root lengths post-
treatment, suggesting significant root resorption from the orthodontic treatment.
The only teeth that did not show a significant difference between pre and post were
the two lower central incisors: the post-treatment mean relative lengths for these teeth
were still smaller than the pre-treatment.

When post-treatment relative root lengths were compared to pre-treatment root
lengths in Hispanic males, three teeth showed a significant difference: UR5, UL5, and
LL5 (Table 5). However, the mean relative root lengths showed that these root lengths
increased in apparent length after treatment.

Significance was found for five teeth in the Hispanic Female group: UR2, UR1,
UL1, ULS5, LR2 (Table 6). While there does appear to be mild root resorption from
orthodontic treatment in UR2, UR1, UL1, and LR2; the mean relative root length for
ULS5 is increased in the post group, suggesting an increase in relative root length with
orthodontic treatment.

2.3 Discussion

There have been many claims that SRA predisposes patients to increased orthodon-
tic root resorption, for example the study of Wang and Feng [6]. However, it is not

Group HM pre-orthodontic treatment HM post-orthodontic treatment p-value
Group Group

(N=40) (N=40)
Tooth Mean S.D. Mean S.D
UR5 1.31 0.27 149 0.24 .007"
UR2 1.87 0.21 172 0.18 .064
UR1 1.35 0.36 1.29 0.27 444
UL1 1.36 0.33 1.24 0.26 .067
UL2 173 0.25 1.68 0.30 445
UL5 1.36 0.18 1.54 0.28 013’
LL5 1.52 0.34 173 0.44 .009°
LL2 178 0.22 178 0.19 1.000
LL1 1.68 0.38 1.65 0.32 697
LR1 171 0.21 1.65 0.29 276
LR2 1.69 0.20 1.66 0.20 656
LR5 149 0.27 1.52 0.33 728

Statistically significant at p < 0.05.

Tables.
Mean comparison of pre-orthodontic relative root lengths and post-orthodontic treatment relative root lengths in
the Hispanic male (HM) group.
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Group HF pre-orthodontic treatment HF post-orthodontic treatment p-value
Group Group
(N =40) (N = 40)

Tooth Mean S.D. Mean S.D

UR5 131 0.24 1.38 0.33 305
UR2 1.78 0.29 1.58 0.24 018’
UR1 134 0.34 118 0.36 .002
UL1 1.28 0.28 1.05 0.30 .000°
UL2 1.74 0.33 1.64 0.24 .069
UL5 1.28 0.22 147 0.41 018"
LL5 1.59 0.34 1.63 0.31 .392
LL2 1.89 0.16 1.86 0.21 673
LL1 173 0.32 1.70 0.29 709
LR1 1.72 0.26 1.64 0.19 .092
LR2 1.88 0.29 171 0.15 013
LR5 155 0.24 1.55 0.49 962

Statistically significant at p < 0.05.

Table 6.
Mean comparison of pre-orthodontic relative root lengths and post-orthodontic treatment relative voot lengths in
the Hispanic female (HF) group.

known if this cohort indeed experiences a higher degree of orthodontic root resorp-
tion, or if they experience a similar degree of resorption to unaffected patients, but the
appearance is more suggestive due to their pre-existing short roots. If a greater degree
of relative root loss does occur, the orthodontic professional should be aware so that
treatment complications can be anticipated when treating Hispanic SRA patients.

Post-orthodontic treatment relative root lengths were significantly smaller than
the initial relative root lengths for the Caucasian group, indicating root resorption
from the orthodontic treatment. Hispanic initial relative root lengths and Hispanic
post-orthodontic treatment relative root lengths were similiar. Furthermore, the
percentage decrease in relative root length was consistently higher in the Caucasian
group, further supporting the finding that the Caucasian subjects experienced OIIRR
while the Hispanic subjects had minimal, if any. Because the treating orthodontists
in this study were aware of the pre-existing short roots in the Hispanic SRA group, it
is likely that these patients were treated more conservatively, with lower forces, and
with greater care. Studies have also speculated that shorter roots may experience less
root resorption due to 1) shorter teeth requiring less force to move and 2) the root tip
being displaced a shorter distance through the bone in second and third-order tipping
motions [18, 19].

In the Caucasian male group, the maxillary incisors experienced statistically
significant orthodontic root resorption. This finding agrees with the literature as the
upper incisors are commonly the most affected teeth in orthodontic root resorption.
However, in the Caucasian female group, root resorption was found in nearly every
tooth measured and to a greater extent. There was no statistically significant root
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resorption found in the Hispanic male group. Conversely, statistically significant root
resorption was found for four teeth in the Hispanic female group: UR2, UR1, UL1, and
LR2 but the percentage decrease in relative root length was still mild in comparison to
the degree of root resorption that both Caucasian groups (male and female) experi-
enced. These findings that females experience greater OIIRR than males agree with
other findings in the literature [10, 20].

Most teeth were bilaterally affected; however, resorption of the mandibular
second premolar was the tooth that most commonly presented unilaterally. One of
the limitations of this study was the assessment of closed apices in the SRA group.
SRA roots are characterized by wide pulp chambers and truncated roots which is
very similar in appearance to roots that are still undergoing development. Some of
the second premolar measurements displayed slightly longer final root lengths than
initial. Explanations for this finding are 1) some form of error in measurement, or 2)
the second premolar root lengths were measured in the Hispanic group prior to cessa-
tion of root development.

Future studies are needed to complete a more detailed analysis regarding the
nature of the genetic inheritance and prevalence of the SRA condition in the Hispanic
population. In this study, Hispanic SRA patients were found to comprise approxi-
mately 2% of the total patient population treated in the university orthodontic
clinic. A point of interest would include the geographic origins within Mexico and
inheritance patterns of SRA Hispanic patients. Also, while there is much speculation
regarding the etiology of SRA, the developmental process resulting in the SRA condi-
tion has yet to be determined. It is also not known whether the mechanism is the same
across all subgroups of SRA.

3. Conclusions
The following conclusions were obtained from this study:

1. While OIIRR occurred in the Caucasian group, the Hispanic SRA group did not
experience statistically significant root resorption from the orthodontic treat-
ment when all teeth were combined. However, when individual teeth were evalu-
ated, the Hispanic SRA group did experience OIIRR, but to a lesser degree than
the Caucasian group.

2.Females were found to experience greater root resorption than males in both
ethnicities. While Hispanic females experienced slightly greater root resorption
in the upper incisors than Hispanic males, Caucasian females were found to
experience much greater OIIRR than Caucasian males.

The observations of this study suggest that Hispanic SRA patients may be safely
treated with comprehensive orthodontics and could be at no more risk of root resorp-
tion than Caucasian patients with normal pre-treatment root length. Clinicians are
still advised to treat Hispanic SRA patients conservatively. Although more studies are
needed, these findings can be considered when making educated treatment decisions
for this specialized population of orthodontic patients. To the authors’ knowledge,
this is the first study to evaluate the response of Hispanic patients with SRA to
orthodontic treatment.
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Chapter 5

Finite Element Analysis
in Orthodontics

Nandakishore Rajgopal

Abstract

One of the governing ideologies in orthodontics is gradually imposing remodeling,
which involves progressive and irreversible bone deformations using specific force
systems on the teeth. Bone remodeling results in the movement of the teeth into new
positions, with two tissues having a major influence along with it: the periodontal
ligament and the alveolar bone. There is a definite connection between the mechani-
cal, biological and physiological reactions to the orthodontic forces. The development
of the Finite Element Analysis and administration of this new age computer-aided
method in orthodontics applies to this chapter. Finite Element Analysis is a com-
putational procedure to calculate the stress in an element, which can show a model
solution. The FEM analyses the biomechanical effects of various treatment modalities
and calculates the deformation and the stress distribution in the bodies exposed to
the external forces. The ideology behind this particular chapter is to introduce this
scientific approach to the orthodontist and to reinforce the effects and advantages to
the ones who are already aware of the same. In this chapter there is a detail discussion
and explanation systematically on Finite element analysis method and its application
strictly in and around orthodontics without much deviation from the subject.

Keywords: FEM, Nodes, Voxels, PDL, Orthodontic tooth movement (OTM)

1. Introduction

Orthodontics is the specialty of dentistry which in brief deals with correcting the
malaligned teeth with the application of force delivery system, which includes wires,
brackets, elastics etc. It is just one branch of dentistry which is deeply interlinked with
the engineering branch of mechanics. Application of force and its resultant effects
are the key stones in orthodontics, hence the fundamentals of physics also applies to
the physics such as the Newtonian physics. The intention of the Orthodontist is to
make betterment in function and esthetics. The treatment is just not limited it and
has intentions to correct things like a tooth implanted to the alveolar bone can lead
to caries or other paraodontal infections or affect the oral hygeine), esthetics (of the
dentition or the face), or prosthetic (orthodontic treatment preceding a prosthetic
replacement/missing tooth or teeth) [1].

An Orthodontic treatment might be carried out with evidence based system or by
a clinical experience or by a acquiring knowledge and experience from a postgraduate
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curriculum or even via specific trainings and hands on programmes. Orthodontics is

a spectacular as well as brain buzzer branch in dentistry where the work undertaken
by an orthodontist could be considered as solving a puzzle, when he or she treats each
case. It is associated with logical reasoning and through knowledge about the basics of
biomechanics and even common sense. Turner et al. in 1956 introduced Finite element
analysis (FEA). From then it has been used in different sectors such as in building
aircrafts to dams to bridges etc. The usage of computer software’s for the stressful
calculations are used in order to find the stress and its distribution within a body for a
given load. It also sketches the displacement of the body before and after the applica-
tion of the load as well [2]. It could be a different dimensional opening for the chapter
readers who are not familiar as well as to reinforce the knowledge for the readers who
are already aware of this topic, so the chapter is designed to extremely simplify the
concept of FEM and to integrate it with orthodontics from the very basic levels [2].

The Finite Element Method was introduced in orthodontics as a powerful tool
for analyzing the biomechanical effects of various treatment modalities and is an
approximation method to represent both the deformation and the 3Dstress distribu-
tion in bodies that are exposed to stress. The Finite Element Method is used to study
the stresses and strains in engineering, it can be used to evaluate the biomechanical
component such as displacement, strains and stresses induced in living structures
from various external forces, the biomechanical response of the bone to external
forces are quite complex. The FEM analyses the biomechanical effects of various
treatment modalities and calculates the deformation and the stress distribution in the
bodies exposed to the external forces. It should also be understood that the stress and
strain in living tissues are thought to be key factors in biologic change, it is important
to understand that stress and strain to understand its relationship to bone remodeling,
the belief is such that the pattern of the stress will affect the localized proliferation
of cells and growth activities [3]. The chapter is discussed from the fundamentals
of FEM and further notes its usage in dentistry and particularly in orthodontics,
followed by stepwise procedure explanations in detail.

The chapter further takes a road from its aspects such as construction of the
models, which is the soul step in the FEM, with the help of scans such as the CT scans
and FEM’s credibility is in question due to the complexity and accuracy of the model
seems to represent from truth and reality in the oral cavity [4].

Many new concepts and terminologies are being introduced and explained to its
best in this chapter. Keeping in mind that many of readers, being from a medical aca-
demic background, including Orthodontists and clinicians hesitate to understand and
relate the formulas and equations which are quite natural, a few vital equations are
presented with ease. Further the chapter goes in detail to bone remodeling concepts
and the brief explanations of individual components of the dental organ and its reac-
tion to force and the chapter sinks with the concepts of FEM and orthodontics in the
body. Towards the end the advantages as well as the limitations of FEM is discussed
with some insight. This chapter is well supported with scientific literature evidence
for the assertion it implies and it credits each and every scientist for their contribu-
tions and valuable time in life they have devoted for the good of the mankind.

2. Utility of finite element analysis

Orthodontics is periodically changing from an opinion-based practice to an
evidence-based practice. Currently, it is necessary to have a scientific approach for
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any treatment modality and the evidence of tissue response to it [5]. Finite element
analysis (FEA) has the ability of being applicable to solids of irregular geometry

that contain heterogeneous material properties. It is therefore suited to evaluate the
structural behavior of teeth. The use of FEM is wide seen in dentistry and in the field
of orthodontics in the field of research in topics such as the geometry of the tooth,
materials used, prosthetics etc. In the field of orthodontics, it’s used to find the stress
values or its distributions in appliances used in orthodontics etc. FEA could be wisely
used to estimate the stress and strain patterns within the tooth structure, Periodontal
Ligament (PDL) and the bone which is subjected to tooth movement by the means of
orthodontics [6].

The forces to single-tooth system can also be modeled with the FEA with ease.
The centre of resistance (Cg) of the tooth lowers and creates an altered stress pattern
which is seen in the root as there is an experience of alveolar bone loss. The same
effect could be experienced when there is an alteration of root length. The biome-
chanical properties of PDL are not the same for adult and adolescents respectively [7].

3. Road to finite element analysis

The principal of FEM is based on the division of a complex structure into smaller
sub sections called as elements, in which the physical properties such as modulus
of elasticity are applied to indicate the object response against an external stimulus
which could be even an orthodontic force. It is said to be finite element analysis since,
the elements are finite in count and the nodal points are the blocks which builds
the model, which in turn connects to attribute to the formation of element [8]. A
meshwork is considered to be a degenerated material which is subjected to modeling.
There is an absolute control in the degree of simplification with this method which
is an advantage to the FEM [9]. FEA techniques are potential to replace the stereo
lithographic models for the presurgical planning. Every finite element is based on an
assumed-shape function which expresses an internal displacement as a function of
nodal displacement. Which means a certain element may give accurate answer for a
particular type and location of support and loading but can give inaccurate answers
for another type and location [10].

4. Steps in finite element analysis
1. The geometric model construction
2.The geometric model to a Finite element analysis model conversion
3.Data representation of the material properties
4.The boundary condition defining
5. Application of the load

6. Solution to the linear algebraic equation system.

7. Analyzing the results [10].
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Basic Steps in Finite Element Method for any solution corresponds to the steps
involved in finite element to analyze a structure.

4.1 The geometrical model construction

It is the first requirement for the analysis of the geometrical model. These can
be created either in analysis software or the model can be created also in any CAD
software and can be imported to the analysis software. The model has to be saved with
extension *.iges or *.igs or *.sat to achieve this. The usage of a computed tomography
image (fig ct img) can be done to serve as a geometrical model.

4.2 Discretization process

Discretization is a process of dividing the domain or component into number of
elements & nodes. For this purpose, an assumption is made that the elements are
interconnected by nodes. The idea behind the process is to improve the accuracy of
the results. The entire component is divided into number of elements, then the stress
distribution in each element will be almost the actual results and the operator gets
accurate plot of the stress distribution in a component.

4.3 Applying material properties

The mechanical properties such as young’s modulus, Poisson’s ratio etc., are defined
to the component in this particular step. This is done to feed the values for calculation
of the solution. These values mark the natural properties to the built up model so that
it can behave and react in the same manner as that of a natural biologic body would,
when subjected to external stimuli (stress). For the particular element, the property is
to be defined. First of all the operator has to define the type of element. There are sev-
eral types of elements available, which can be implemented to the domain component.

4.4 Defining boundary conditions and nature of problem

The boundary condition is chosen depending upon the mode of analysis such as
structural, dynamic, thermal, fluid etc.

4.5 Application of load

After the application of boundary conditions, the discretized domain is applied to
the known loads. The application of loads will depend upon the geometry of the com-
ponent used. The nodes are applied with loads. Different types of loads will include
Forces or Moments, pressure, gravity. - For structural problems- Gravity, radiation,
convection and temperature for thermal problems.

4.6 Solution or results

The results can be obtained instantly as well as in the most accurate manner. It will
consist of model images which represent levels of stress by various colors signifying
different stress for different colors respectively, which can be directly read from a
color chart (provided below the image). The results can be further tabulated and
subjected to analysis.
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5. Computed tomography (CT) and extraction of morphological
parameters from CT scans

Computed Tomography or C.T is cross-sectional image of an object from either
transmission or reflection data collected by illuminating (by any kind of penetrating
radiation) the object from many different directions or angles. Frankly speaking,
tomographic imaging deals with the reconstruction of an image from its projections.
The technique constitutes of irradiating a section of a sample from a number of
positional angles and then the intensity of the transmitted or reflected radiation is
measured. For example, the projections symbolize the X-rays attenuation within a
body, the bodies’ radioactive nucleoids decay as in the case of emission tomography,
or the variation seen in refractive index in an ultrasonic tomography (USG).

When the X-ray is considered, the projections consist of line integrals of the
attenuation coefficient. This attenuation of photons (tiny particles that constitute
an electromagnetic radiation) are due to either being absorbed by the atoms of the
material, or being scattered away from their original paths of travel. Photoelectric
absorption involves an X-ray photon imparting all its energy to a tightly bound inner
electron in an atom. The images are 2D maps of the distribution of the attenuation
coefficient of the X-rays. By stacking the obtained 2D images, we can reconstruct 3D
images. The attenuation coefficient is measured in Hounsfield Units (HU) [11].

This macroscopic response of the trabecular bone is closely related to the underly-
ing microstructure. It is beyond scope of this book to describe in details the geometry
and spatial arrangement of the trabeculae and its advised to refer standard textbooks
for the same, The volume fraction which is considered one among the major parameter
in characterization of microstructure of cellular materials geometrically, gives no much
clue about the orientation as well as the organization of the above said microstructures.
The material microstructure is modeled using tensors of higher rank which mimics the
architecture of the microstructure and is the most common method adapted for the
same. Fabric tensors are needed as a quantitative measure of the microstructural archi-
tecture, to serve as positive definite. The principal axes of a tensor whose principal axes
coincide with the principal microstructural direction and its eigenvalues are propor-
tional to the microstructure distribution with respect to its principal direction. It is
a must thing to include the parameters which can define those orientations. Hence it

Figure 1.
Conversion of CT scan into a finite element model.
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requires acquiring a 3D representation of the bone first using tomography. It is then a
morphological analysis used to describe the microstructure (Figure1) [12].

6. Generation of finite element model

Three primary considerations in the development of the three-dimensional finite
element tooth model are to be considered; which includes the tooth and other peri-
odontal geometry, properties of different materials and as well as the configuration
of the load applied. In a given tooth geometry and structures of the periodontium and
its associated geometry, one can say nodes simply as points that occupies the corners
of the elements which meet each other; further the boundary conditions are well
defined at all peripheral occupying nodes. A specific material property is assigned
to individual elements. Location of the centre of resistance and centre of rotation of
the modeled tooth will be deeply affected by the modeling of the root as a symmetric
parabolic structure or as a real tooth, as well as root conicity, buccopalatal vs. mesio-
distal bone levels and bone insertion [11].

The problem with three-dimensional models is that the geometrical input needs to
be generated. The bone structure replicated with a CT scan is preferred as the geo-
metrical input data which should be generated for the 3-D model, which is considered
as one among the problems. It is suggested to convert the CT image voxel to eight
node hexahedral; but the possibility of numerous element creations in model and the
unwanted change in the model’s external shape is the pay for this. In order to exempt
the outer rough surfaces, it’s better to model the external geometrical contours.

After these steps, automatically a mesh is produced out as the result of the software.
Material properties are assigned to each element of the model, once the generation of
the mesh is done (Figure 2).

Figure 2.
FEA carried out on a modeled human skull.

7. Morphological analysis

Morphological analysis provides the tools to extract morphological parameters
of an object. The actual values of the parameters extracted depend on the object as
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well as the quality of the object representation. Better way to say is voxel size affects
the 3D images and pixel size would affect the 2D images. Higher the resolution better
is the analysis quality. TV, BV, Tb.Th, and MIL are the four respective parameters of
morphology which are taken into account.

7.1 Tissue (or total) volume TV

TV does quantification of the volume in total at the region of interest (ROI). If
bone is to be considered, the entire trabecular bone and the total volume of its pores
along could be considered as the term ‘tissue’. It is a simple task to calculate TV, just
by taking the product of the total number of voxels at the region of interest and
the volume of a single voxel. The usage of 2-D images could be an option to obtain
the volume. The volume is computed by assuming the cut thickness to be same as the
pixel’s side length measurement.

7.2 Bone volume BV

By multiplying the number of voxels in the solid objects, one can find out this
parameter and it’s the representation of the 3-D object’s volume in total. Bone volume
(BV) will therefore be interpreted as the solid phase volume.

7.3 Trabecular thickness (Tb. Th)
It is the thickness of the rods of the cellular solid [13].

74BV/TV

The important parameter is the ratio of the two previous parameters.

8. Distribution of trabecular thickness (Tb.Th)

It is the thickness of trabeculae and its associated distribution.

Locally when it comes to thickness specifically at a point within a state of body is
said to be the biggest sphere which consoles the spot, the spot is not needed to be the
centre of the body but within the surface of the object which is considered as a solid
[14]. To calculate (Tb.Th), the idea of structuring the body of the object is carried out,
where the trabecular midline is used [15].

9. Fundementals in non linear computation method

The mechanics which is an engineering branch is the soul element in the field of
(Figure 2) biomechanics; one can never understand biomechanics without understand-
ing the fundamentals of mechanics. Mechanics deals with forces and the response of
the object or body, whereas bio means study of living organisms, so the application of
the forces and its response to the forces in living bodies are dealt in biomechanics. The
hierarchical arrangement in organisms starts from sub atoms ending in organized living
body. With the help of quantum mechanics, we can study at the cell or atomic levels and
Continuum mechanics could be used in the higher levels such as the organ levels [16].
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9.1 Finite strains associated with a body in its kinetics

The Continuum Mechanics is the ideology where volume v is the amount of
matter contained by a body in the respective space at a given time T and the surface
area of the body could be symbolized as S(;). Further when we look the reader must
understand that the body undergoes change in dimension from its initial orientation
for the respective boundary definition after a stress is being applied to the body. The
fact is such that, the irrelevance of working with the same body with and without
stress because of the obvious above said reason of reasonable transition in shape of
the body from initial and final state of the body before and after applying stress. It
is mandatory for the above said reasons a thorough understanding of the basis of
kinematics is required [17].

10. The FEM

Coming to the FEM we must strictly adhere to the principles of kinematics. The
chapter is never complete without discussing few important equations in FEM,
where shape functions (N) and the displacement of the nodes (q), which we are not
certain about could attribute the displacement fields shape and could be equated as
follows;

U(x)=N(x)q 1)

In Eq. (1) the nodal values (q) are determined by the method of calculating the
equation which is already in a state of equilibrium via formulation which is made
incrementally [18].

5q|:M<i+ Fint—Fext}:O | (2)

F

In Eq. (2) q represents the nodal accelerations, M the mass matrix and Fint and
Fext the (nodal consistent) internal and external forces respectively

_ T
M= Im) pNTNAV
‘Fint = V()

_ T T
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B'adV (3)

In Eq. (3) B = VNT and t represents the traction on the surface.
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In Eq. (4) Foe denotes the residual or remaining forces and it’s not equal to zero.
Prec is a user defined precision. The equilibrium equations are iteratively solved using
Newton-Raphson method. Starting from a trial nodal displacement is given as, q0
(several possibilities to evaluate such a trial [19].

Field exist but will not be treated in this work), the displacement field is iteratively
updated in such a way that:

Aq=-KT —1Foe
gi+1=qi+Aq (5)

Eq. (5) denotes KT = d Foe/dq, which is considered to be called as the tangent
stiffness matrix.

The tangent stiffness matrix will be resolved into its parts as well as the shape. The
shape aspect of this depends on the shape functions used in FEM [20].

By use of linearization of the small stress values with its corresponding strain
values this can be obtained. Intergration tool is used to discrete the matrix of material
stiffness [21].

11. Biomechanics of bone remodeling in orthodontics models
in orthodontics

Within the field of dentistry and to its related field, mathematical models are used
for research and treatment planning. The tendencies in mathematical models (either
numerical FE models or analytical models) for tooth movement and in particular
the constitutive models used for dental tissues. Many contributions exist focusing on
implant related problems, which are not our interest. The forces alone are only con-
sidered and it’s not about the means of force delivery system which may also include
the brackets are to be considered in here [22].

11.1 The gingiva

The mechanism which is responsible for the asymmetrical behavior of the tooth
when rotated around its main axis is at times assumed to be in the gingival tissue
which is a complex fibrous structure that envelops the entire dental arch and it
provides an additional anchorage to the teeth, tends to contract. This creates force
acting on the different proximal teeth, which in turn produce an internal momentum
and asymmetries. The gingiva has a viscous nature due to its composition of collagen.
We do not consider or value much the mechanical activity of the gingiva during tooth
movement in Finite element studies [23].

11.2 The dental components
11.2.1 Enamel
It is the hard as well as a brittle substance probably seen in the human body, which

is composed of mainly inorganic materials. Enamel could be categorized as an elastic
material which is linear in nature [24].
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11.2.2 Cementum

Very few studies focus on characterizing the cementum, either mechanically or
histologically. The group of Darendelier provides a comprehensive body of work on
the physical characteristics of cementum.

11.2.3 The dentin

The Dentin is reinforced by radial microscopic tubules. These tubules are filled
with fluid and this gives the dentin a viscoelastic character. Since the mid-1970’s,
studies shows its viscoelastic property and this is a supporting evidence.

Dentin is also looked as a non-homogeneous and anisotropic material in various
recent experimental model studies.

11.2.4 Pulp

When there literature is reviewed, barely any studies are done to characterize the
properties of the neither dental pulp nor acknowledges its existence [25].

The crown of the tooth is modeled as one material with 19 GPA modulus of
elasticity, without even considering the 2 components of the crown (enamel, dentin)
independently shows young’s modulus of 80 and 18 GPA respectively. The Poisson’s
ratio is, regardless of the proposed study, taken as 0.3 [26].

11.2.5 The periodontal ligament (PDL)

The periodontium is a structure which constitutes the cementum, the PDL fibers
and the alveolar complex. The PDL constitutes the tissues which are loose connective
type. It is innervated as well as vascularized. It holds the teeth to the bone and com-
pensates the wearing of the crown structure of the tooth at points in contact or the
incisal/occlusal portion of the tooth. The functions of the PDL include the regulation
of mastication as well because of the associated sensory nerve fiber innervations. It
works well as an attached cushion between tooth and the alveolar bone, as well as act
as a shock absorber. The load applied to the teeth during the functions like chewing
and clenching is transmitted to the respective jaw bones through the PDL fibers [27].

Many studies on PDL take bilinear elastic nature of it; one can also find many
studies which speak or valuate the anisotropy of the fibers of the PDL. There are
advantages when it’s done so, as it provides more accurate and validity of the stress
calculation for a better eccentricity of the movements of the teeth [28]. But studies
talk about the PDL and its non- linear nature which is stated by the properties like
Poisson’s ratio and the modulus of elasticity (Young’s) (Figure 3).

A Young’s modulus around 0.1 MPa is most likely to represent best of the linear
part of the PDL’s mechanical behavior. Bilinear elastic models are also found and are
defined with three values which are tangential modulus, Young’s modulus and a limit
value of about 7% strains in tension tests. Last but never the least, Cattaneo et al.,
Verna et al. introduced a multi-linear model, different in tension and in compres-
sion [29].

Many researchers consider the PDL as a hyper elastic material (Mooney-Rivlin
material with, for Natali et al., reinforced fibers, expressed in an Ogden-type formu-
lation) and estimated strain which corresponds well with the in vivo experimental
data by Parfitt.
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Figure 3.
Mesh model after assigning the charecteristic material properties of each constituent of dento-alveolar complex
independently.

Models proposed by various other researchers, accounts for a time dependency
through the use of viscoelastic models using up to four time-constants. These models
are either generalized as Maxwell models [30].

There are instances where the periodontal ligament is believed to be composed
of fibers which are arranged in linear nature [31]. The poroelastic model allows
considering a time-dependent behavior through the fluid flow inside a porous
matrix.

12. Orthodontic tooth movement (OTM) models
12.1 Initial tooth movement

The finite element (FE) method is used in orthopedic biomechanics since the early
1970’s to evaluate and analyze and study the patterns of stress in the calcified tissues
(bones). From then, this analytical tool of the modern era is being used in the field
of Orthodontics as well. It very evident to find the use of FEM in the field of prosth-
odontics, implantology etc. as well to analyze the stress, the stress pattern and to
optimize or go with the design of the appliances, to study the materialistic properties
of the appliance as well as the reactions of the bone to it. We currently use for biome-
chanics in the field of orthodontics as well [32].

It is a wise decision to use the non-linear behavior of the periodontal ligament to
study the wider aspects of tooth movements [33]. The initial design of models in Finite
element methods FE models were 2 Dor axi symmetric models and now it’s no more
used since it’s a 3-D era. The FEM can definitely analyze the stress and its patterns
and can analyze the biomechanics and can determine the final position of the teeth
from its initial positions [34]. Early models in the field of orthodontics were mainly
directed to study the initial movement of the tooth in its socket (no bone remodeling
included) following the implementation of a system of forces and moments by means
of braces or fixed orthodontic appliances. Most current studies still follow the same
principle, using geometry and a system of forces which is more complex. Within the
initial tooth movement models, mainly fully linear elastic homogeneous isotropic
models were used. How so ever, models with non uneven bone density is also used
where modulus of elasticity is taken into account. Orthotropic behavior of the bone
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and the anisotropic nature of PDL also exist [35]. Studies consider the periodontal
ligament to be elastic. All these could be applied to the posterior teeth, multi rooted
and of different forms of roots as well [36].

12.2 Long-term tooth movement

The tooth movement due to bone resorption and apposition which obeys the pres-
sure tension theory is not obeyed by the teeth initially and the early tooth movement
is just the effect of the PDL fibers which instigate the tooth movement initially. After
an initial tooth movement under the applied pressure the tooth tries to stay in that
position and tries to attain stability in the newly moved position [37]. FEA models at
times usually involve an update of displacement (in addition to that due to external
forces) or of forces based on an empirical bone remodeling law: The stimulus for
remodeling is either the strain energy density, strain dependent or stress dependent
remodeling algorithms obey the laws of mathematical tools such as the integration
under the limit of time. The FEM analyses the forces and the associated tooth move-
ment with it in the model and it all obeys the laws of equilibrium from its initial to
final position under the stipulated time.

13. Dento-facial orthopedics modeling

Since the early 19807, finite element models of maxillary and mandible were
used. The model is built with elements which is comparable or represents the bone
structure and symbolizing its properties. The magnitude of the force levels applied
by appliance like brackets or others like head gears or the expansion appliance etc.
is taken into consideration. As a part of modeling the movement of the jaw, a great
effort is made to characterize the temporomandibular joint (TM]). In most cases,
the type of materials used for the bone is linear elastic in nature. It is considered that
cortical bone is distinguishable from trabecular bone. However, the presence/absence
of teeth in the cranio-facial models is variable in nature. As for the models of the TMJ,
the cartilage and the disks are modeled either as linear elastic materials or as hyper
elastic ones. It can be also found out that the models include muscle activation of the
jaw, either performing an inverse dynamic analysis to compute the activity of the
large amount of muscles in the face, or modeling a given number of muscles, often
by applying a spring model to describe the muscular forces. Finally, one can also find
models of the facial bones and skull by analyzing the response to external orthopedic
systems [38].

14. Bone remodeling models

In addition to growth of the skeleton and resorption of fractures, which are of
temporary in nature, the structure of bone is, stabilized by the action of osteoclast
and osteoblast and its metabolism is a total different interest of subject which is to be
discussed, which in turn is beyond the scope of this chapter. Through understanding
of the remodeling process of the bone should be understood by an orthodontist to get
an idea of how the teeth move in the maxilla or mandible during tooth movement.
The Roux hypothesis claims the whole remodeling procedure is a self-organized
procedure where the stiffness of the bone is achieved after a force is applied and stress
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is developed within the bone, the bone trabaculae obeys the Wolff’s law and last but
not the least the bone reacts upon itself for load application. It is equally important

to understand the Frost model of the bone which is stated as the mechanostat theory
where is notes that if the stress range exceeds the limit, there is a chance of formation
of a new bone, but if the same stress is lesser to the optimal value there is a bone loss
associated to it as well. Both these goes hand in hand which creates a balance. The
theory sounds simple for the readers but it’s simply an effective one and a tricky one
when equations are derived from it mathematically and used for computing. Earlier
the bone in a bone model was technically considered to be a poroelastic media which
is pooled by a liquid. Later models have proposed the universal mechanical nature of a
living substances, here the depth of biological activity is considered, where as there is
also another model which does not propose the depth of remodeling within the bone
(Phenomenological model) [39].

15. FEM in orthodontic tooth movement

Now coming to the soul of this reading, the reader must understand the real fact
initially that the FEM is a theoretical study concept and does not stand alone debates
of scientific evidence based ideology without the gold standard of clinical trials.

FEM deals with material properties and parameters, further the geometrical aspects
are even being considered. The complete system with its constituent initial force,
dimension of the body, stress developed is drastically different with respect to its
final state. It is logical to think that it’s inevitable without mathematical formulations
and definite numerical values one cannot calculate or predict the final position of the
tooth from its initial one [40].

Before the application of the FEM, there were several other methods which were
implemented to carry out the stress strain relations and its calculations over the PDL,
but due to the complex nature of it the end results achieved or obtained stayed insig-
nificant. When the sequence of reactive force developed after an implementation of
load is checked, the root suffers the most, followed by the PDL and the alveolar bone
the least (due to its higher density). These findings are due to the different mechani-
cal properties of each structure: such as the tooth, periodontal ligament and alveolar
bone. The stress applied on the bone is the active factor in the new configuration
arrangement of the bone. There is a significant association of the PDL in the remodel-
ing procedure of the bone due to its viscous nature and the storage of energy within it
due to the same nature.

The stresses are of different types such as the longitudinal stress, compressive
stress, or the shear stress depending on the type of the force and its line of action over
the body, so it’s mandatory to specify it. There is always a chance for a tooth or teeth to
undergo a combination of the above said stresses in various directions as well. When
comparison is done among the types of tooth movements against each other, the tip-
ping, extrusion and intrusion result in the greatest stress at the root apex. For extru-
sion and intrusion, the stress concentration is mainly at the apex of the root. Stresses
at the root apex after intrusive tooth movement is seen but the distribution is different
when compared to other types of tooth movement. When a vertical force is applied on
the buccal surface of the tooth, some torque may be expected due to the relationship
between the point of application of force and the centre of resistance of the tooth. In
such cases, labial and lingual portion of the apical region of the root experiences way
higher reactive forces to the applied tension.
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After analyzing different FEM studies in orthodontics, studies show the stress
distribution patterns are more in the crest of the alveolar bone, when compared to the
periodontal ligament nor the crown or the root of the tooth. When the tipping forces
where studied, it showed more or less the same feature of the stress distribution over
the crest of alveolar bone. The tooth and the bone suffer greatest stress at the cervical
level and the PDL at the apex.

The forces in rotation create the only difference of all the situations, where the
apical stress is comparatively lesser. The FEM depends on the model and the property
of the material assigned and boundary conditions, any change or errors creeping in
these aspects will affect the foreseeing of the results. The type of the force delivered
by each system is never the same, so there is change in the results. To get these right
results the proper implementation of the force system and its understanding is
inevitable. After all this there are other instances to point out like, up to 50% or more
of the applied force can dissipate as friction in an edgewise bracket system; which can
significantly affect the stress produced at the PDL of the tooth [41].

16. Limitations of finite element analysis

As with any theoretical model of a biological system, there are some limitations
which need to be considered. A thorough reading and interpretation of this chapter
would give the insight of the limitation of the FEM and it’s not much to emphasis on
the same. But then as said before any errors in modeling or material property assign-
ment or the boundary conditions application, even wrong forces applied to wrong
formulation, will earn the wrong results. It’s a sophisticated and computer dependent
or programme dependent analysis, so at most care should be taken during the model-
ing stages and the prior stages before the final run for the results to feed the correct
input data for the expected outcome or results. It is highly difficult or impossible to
be frank to replicate the exact living substance into mechanical models till date due
to its complex nature [42]. The major limitation which you would have never guessed
all through this chapter is that the cost of the FEM study. It should be highlighted that
the FEM does not come with a reasonable price currently in many countries and it’s
used more for the research purposes. It’s not a question to ask if FEM is considered in
building bridges or dams or aircrafts but definitely when comes to field of dentistry or
orthodontics, to use FEM for every single patient is never feasible.

17. Conclusion

The main fundamental in orthodontics is the movement of teeth or tooth within
bones, which in other words means the movement of solid (tooth) in another solid
(jaw bones bone) which is the toughest movement of all mediums and it’s a slow
process which consumes time. If we are smart enough to estimate the final position
of the teeth form its initial one, it’s like predicting the end result without the trial and
error methods or without any unwanted disturbances which even if occurs could be
foreseen and a right component of force. This ideology actually saves time and the
pain to both the clinician as well as for the patient. The mechanical and biological/
physiological reactions to orthodontic forces by the PDL and the alveolar bone are
closely linked with each other. This coupling can be treated in biomechanical models,
focusing on the mechanics and considering the phenomenological aspects of the
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biology. As a tool to describe the mechanics of orthodontic tooth movement due to
remodeling, the Finite Element Method (FEM) can be definitely utilized. The FEM is
an advanced engineering tool that has shown fruitful benefits in the field of dentistry,
dental and biomedical research and as well as orthodontics. It is a highly precise
technique which can expose various key research points in the research field.

It is a very big question to ask that have we discovered or implemented the com-
plete aspect of the FEM and is it been used in our field. There are still researches going
on. Clinically proved studies are rechecked with the software and after a series of
studies, the FEM can be implemented in different cases to predict the results. Every
person is unique, hence the bone density, the model etc. So definitely just one FEM
study cannot predict all the results from that single result obtained from the unique
model of a person. Running an FEM study for independently from person to person
is also unique according to the author, which is not emphasized much in any of the
literature ever before.
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Appendix and nomenclature

*iges The Initial Graphics Exchange Specification

*sat Standard ACIS Text

HU unit used in computed tomography (CT) (Dimension less unit)
E Modulus of elasticity (Gpa)

S Stress (Mpa)
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Chapter 6

Interdisciplinary Reverse Planning
in Orthodontics

Guilherme Nakagawa dos Santos, Charles Lenzi de Araujo
and Romeu Cassiano Pucci da Silva Ramos

Abstract

Most adult patient cases are multidisciplinary cases, so it’s planning can become
difficult when we need to connect many dentistry fields to achieve ideal results. The
interdisciplinary reverse planning is a well-known topic for dental rehabilitation
professionals, so this chapter will address the role of orthodontics in reverse digital
planning, improving longevity, reducing biological impacts and helping to com-
municate with patients, other doctors and dental technicians. 3D CAD technology
allows us to plan these complex cases before the patient starts treatment, this tool
will be essential to orchestrate the exact moment to start orthodontic, prosthetic
and/or surgical interventions, so the workflow becomes ordenate and the outcome
will be aligned with aesthetics and functional aspects and in harmony with facial
references.

Keywords: orthodontics, cad/cam, interdisciplinary, clear aligners, virtual setup

1. Introduction

Among some factors that significantly increase the demand for esthetic reha-
bilitative treatments in dental offices, we can observe the greater access of patients
to information, as well as the constant development of new technologies and dental
materials, which enable a treatment with greater quality and longevity, and a bigger
media appeal in this digital age. Although the search for esthetics is a major complaint
and the patient’s desire should be pleased, it is imperative to think about the function
and balance of stomatognathic structures. It is the professional’s duty to establish clear
goals that can be replicated with predictability and to outline goals to be achieved for
the success of the treatment.

Unfortunately, it is common to come across more complex cases where the need
for a planning of all the specialties involved is present, and aiming to address only
the patient’s complaint, some factors and primordial steps are ignored. Analogously,
transcribing and visualizing the treatment plan becomes a little more difficult for
professionals who, due to incompetence, imprudence or simply negligence, abstain
from more detailed planning. In order to fulfill all requirements and have a holistic
view of the case, the digital reverse planning is an indispensable tool.
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2. Interdisciplinary digital reverse planning

When talking about different areas of dentistry, we must pay attention to this
integration. A multidisciplinary case is one that requires more than one approach
(periodontics, orthodontics, implantology, etc.). However, these areas must speak the
same language, that is, the goal must be common and convergent. Therefore, we must
have an interconnected approach, that is, an interdisciplinary one.

2.1 Examples
2.1.1 Case 1

A 29-year-old female patient came to the office complaining that she would like to
improve her esthetics through dental veneers. Upon clinical examination and comple-
mentary imaging exams, it was observed that a central incisor would be condemned
for presenting a fracture and dentoalveolar abscess, the adjacent lateral incisor was
decayed, and there was a moderate tooth crowding, which would require greater
compensatory prepping teeth for ceramic veneers, or even endodontic treatment if
the prepping was greater (Figure 1). Thus, aiming at the best result with less esthetic
and biological damage to the patient, the case would require tooth extraction 1.1, car-
ies removal and restoration of tooth 1.2, orthodontic alignment, implant in the tooth
extraction space 1.1, tooth whitening and veneers in the upper teeth, and prosthesis
on implant 1.1. Given these fundamental steps, how to organize these steps? What
procedure would be mandatory? How would the esthetic defect of the loss of the
upper incisive be minimized? Extract before or after orthodontic treatment?

To answer these questions, the philosophy of digital reverse planning was used,
through esthetic, functional concepts and facial references [1], referenced by the inte-
gration and overlapping of digital files from the imaging exams, so that the final result
could be seen with the predictability and esthetics required by the patient. The tradi-
tional approach in orthodontics sometimes does not meet the patient’s expectations

Figure 1.
First exam’s intraoral picture.
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regarding how long he will have compromised esthetics. The classic philosophy of
planning in Orthodontics follows steps that make it difficult to immediately improve
the patient’s esthetics, always thinking about the diagnosis and long-term resolution.
However, patients with esthetic problems suffer in relation to self-esteem and are in
a hurry to remedy this type of problem. Therefore, solving the esthetic part, when
possible without affecting the diagnosis of the case, should be shown to the patient.
Within a 3D planning software, the BDS Planning Center team performed a digital
study [2] (Figure 2). As seen in the occlusal view (Figure 3), the need for greater
prepping teeth 2.1 and 2.2 for the preparation of veneers is evident, and perhaps even
the possibility of an endodontic treatment of the tooth 2.2. However, this study made
it possible to visualize the needs of a multidisciplinary treatment, which facilitated
decision-making by the patient and the professionals involved that the best conduct

ﬂ\flj_l_lj_-! (Al

Figure 2.
Facially driven reverse digital planning showing the veneers.
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Figure 3.
Wax-up and initial models overlapping.
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would be prior orthodontic treatment. After this orthodontic treatment plan was
approved by the patient, she underwent tooth 11 extraction and a new intraoral scan-
ning to proceed with the digital orthodontic setup, where this would be guided by the
prior digital wax-up. (Figures 4 and 5).

We opted for a treatment with orthodontic aligners produced in-office to maintain
an esthetic smile, with a pontic [3] on tooth 1.1, since this had a periradicular infec-
tion that prevented an immediate implant with a temporary one, thus as to be more
predictable during orthodontic movements, enabling a centralization of the teeth for
diagnostic waxing. As the biomodels exported by the Nemocast software (Nemotec)
had a healing area of tooth 2.1, reliefs were created in the meshes in this area using
the Meshmixer software (Figure 6), to allow tissue repair without compression of the
alveolar ridge by the clear aligners. With the meshes already edited, the models were
printed, and the orthodontic aligners were produced (Figure 7).

Figure 4.
Post extraction initial model and orthodontic setup.
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Figure 5.
Wax-up guided orthodontic setup.
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Figure 6.
3D mesh relief in Meshmixer software.

Figure 7.
Clear aligners with pontic on extraction space of tooth 1.1.

The treatment was carried out with a protocol of biweekly changes, where
15 aligners were needed for the upper arch and 8 for the lower arch, in a total of
8 months of treatment, considering the staging for greater predictability of the pro-
grammed movements. At the end of the last stage, the patient underwent a new intra-
oral scan, where this was superimposed on the wax-up study that served as a guide.
(Figure 8). As verified in the overlapping models [4], the dental position obtained
orthodontically was consistent with the planned one, with no need for touch-ups and
alterations to the waxing study. Finally, the patient went on to implant the central
incisive and subsequently perform the dental veneers as already established by the
digital reverse planning, which proved to be effective and reproducible, especially
because orthodontic treatment was performed using transparent aligners.

103



Current Trends in Orthodontics

Figure 8.
Wax-up and final treatment scanning’s models overlapping.

2.1.2 Case 2

Mesofacial patient, convex profile, good esthetic exposure of the smile with
an inclined occlusal plane and angulation of the anterior teeth (Figure 9). Upper
and lower tooth crowding, lower midline deviation of 2 mm to the right, caused by
prolonged retention of tooth 75 with absence of its successor (tooth 35).

In view of the expectations of the results of the orthodontic treatment and the
esthetic expectations of the patient, who did not accept having space for the extrac-
tion of the primary tooth, a reverse planning was carried out with an approach to
installing the implant prior to orthodontic treatment. In this context, comfort and

Figure 9.
Initial aspect.
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safety are provided for the patient with preservation of esthetics in the area to be
rehabilitated. Furthermore, the option of replacing a provisional retained in the
appliance or in teeth, which may suffer constant fractures, especially located in the
premolars or molars, subject to constant masticatory forces, it was decided to perform
this implant in advance.

In the Nemocast software, virtual orthodontic correction was performed, guided
by the face and its references, with extraction of tooth 75 (Figure 10). With the
prediction obtained by the virtual setup of the final position of the teeth, the wax-
ing of the crown of the 35 with the respective implant was planned (Figure 11). For

Figure 10.
Facially driven orthodontic setup.

Figure 11.
Implant positioned based by orthodontic digital setup.
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Figure 12.
CBCT and orthodontic setup model’s overlapping to plan the ideal position of the implant.

Figure 13.
Implant guide on the initial model. Tooth 75 was virtually extracted.
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optimal placement of the implant, the STL model obtained from the orthodontic
setup was overlaid with the CBCT DICOM file (Figure 12). About this project, there
was the possibility of making a surgical guide for the installation of the implant,
guided by the principles of ideal occlusion proposed by Angle in the 6 keys of occlu-
sion (Figure 13) [5].

After planning (Figure 14) at the same surgical time, tooth 75 was extracted and
tooth 35 was implanted guided, before the beginning of the orthodontic treatment.

In addition to the esthetic and functional gain with the anticipated surgery, the
implant served as an absolute anchorage for the distalization of anterior teeth with
midline correction and mesialization of the posterior teeth, guiding them to their
positions predicted in the setup (Figure 15). With this mechanics, it is possible to
establish the exact amount of movement of the adjacent teeth, having as the limit the
dental contacts with this crown, minimizing the risk of loss of excessive anchorage or
distalization less than necessary.

The remainder of the orthodontic sequence is not relevant to the purpose of the
chapter, but rather the predictability and multiple functions of digital reverse

Figure 14.
Ideal digital orthodontic setup planned with virtual extraction of tooth 75.

Figure 15.
Implant and crown installed new intraoral scan.
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planning in orthodontics. It is noteworthy that performing the implant previously
was essential to the success of the project for the acceptance of treatment and patient
satisfaction.
3. Conclusion

As shown in the examples, digital reverse planning is a very important tool for
the treatment of interdisciplinary cases, as it aims at better communication with the
patient and among the professionals involved. The role of orthodontics in reverse
planning is to orchestrate the progress of the clinical sequence, as dental rehabilitative
planning often depends on the outcome of orthodontic treatment.
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Chapter7

Digital Workflow for Homemade
Aligner

Dalal Elmoutawakkil and Nabil Hacib

Abstract

Advanced digital technology is rapidly changing the world, as well as transforming
the dental profession. The adoption of digital technologies in dental offices allied with
efficient processes and accurate high-strength materials are replacing conventional
aligners workflows to improve overall patients’ experiences and outcomes. Various
digital devices such as 3D printers, intraoral and face scanners, cone-beam computed
tomography (CBCT), software for computer 3D ortho setup, and 3D printing provide
new potential alternatives to replace the traditional outsourced workflow for aligners.
With this new technology, the entire process for bringing clear aligner production
in-office can significantly reduce laboratory bills and increase patient case acceptance
to provide high-quality and customized aligner therapy.

Keywords: digital workflow, orthodontics, aligner, thermoforming, 3D Printing,
facial scan, planning software, homemade aligners

1. Introduction

The increasing esthetic need of patients for orthodontic devices has lead to the
development of clear aligner therapy [1, 2]. Traditionally, orthodontists contract
with an outside service to provide clear aligner treatments. Outsourcing to a provider
has drawbacks for both the patient and the orthodontist. It can take over a month to
produce and deliver an aligner set, and the provider requires a substantial service fee,
cutting into potential profits.

Advancements in 3D printing technology, Intra-oral scanners, and 3D setup
software improve the production of clear aligners. Nowadays, these solutions are
widely available in private dental practices, allowing orthodontists in-house aligner
production.

In-house 3D printing accelerates aligner turnaround, increases profitability, and
improves patient satisfaction while offering complete workflow control.

In this chapter, we will suggest to orthodontists to centralize the production of
aligners in the dental office by detailing the different stages of the production flow.
Form acquiring extra-oral and intra-oral patient data and exploring necessary hard-
ware and software for this acquisition. Until the production of the aligners, where
we will discuss the equipment and materials mandatory for this production. Going
through the planning, this section will detail the different software that an orthodon-
tist can use for the 3D setup and the particularities of each of these softwares.
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2. Materials and methods

The conventional clear aligner treatment is based on a complete outsourcing
workflow, in this flow, the orthodontist will be restrained to check the setup proposal
and request changes if he judges it necessary. To refer a case the orthodontist uploads
the patient’s data such as photos, X-rays, and digital dental impressions; then, he
submits a prescription setup to aligner labs/companies. After a few days, the practi-
tioner receives a setup proposition for review; the orthodontist evaluates the setup
made by a technician and asks for some changes if necessary. Generally, there are 2 to
3 revisions with most aligner’s laboratories before achieving a good treatment setup.
This interaction between the orthodontist and the technician wastes time. Once the
treatment setup has been approved, the orthodontist has to wait for the aligners to be
fabricated and shipped to the office. Usually, the whole process takes 2-6 weeks.

In homemade clear aligner workflow, there are three main axes: data acquisition
totally made by dental staff, planning of aligner setup, and aligner fabrication; these
last two steps can be internalized in the dental office or outsourced to a third party.
The outsourcing choice will depend on the time the orthodontist can allocate to plan-
ning, the cost/benefit ratio of acquiring software, and hardware and dental staff’s
ability to expand functions and competencies Figure 1.

2.1 Data acquisition
2.1.1 Digital model creation

The maxillary and mandibular digital working models and recording of the
patient occlusion can be done directly on the patient by an intraoral scanner or by
digitizing the analog impressions and/or plaster models with a desktop scanner or by
a cone-beam computed tomography (CBCT).

Extraoral 3D scanners can be used to capture 3D images of both impressions and
physical casts to acquire digital models. An optical scanner (OS) is an extra-oral digi-
tization method that uses a white light that is cast on the plaster dental model. Later,
the projected pattern is captured using a high-resolution camera, and a 3D image of
the model is created. Dental labs often prefer optical digitizers, involving less acquisi-
tion time for scan construction [3, 4].

Digital measurements of tooth size, arch width, and Bolton tooth size discrepancy
on digital models obtained from plaster dental model scanning and dental impression
scanning showed high accuracy and reliability. No statistically significant differences

14 Jd

— —

_ Intra-oral /desktop| > [ in office Planification | P | ™ BT::;?:;?:‘;:: and | Ima::i:r;,zf:“
scan

- 2D photos/3D face b [ In office Planification J » IOm sourcing fabricationl

scan
- 2D XRAY or CBCT [

F Outsourcing planification » l C or&c:ri%f%r:g:::g and

Figure 1.
Different Workflows for in-office aligners.
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were noticed between direct measurements on the plaster models with a caliper and
digital measurements on digital models obtained from plaster dental model scanning
and dental impression scanning methods. Digital models can be alternative to plaster
models with clinically acceptable accuracy and reliability of tooth size, arch width
measurements, and Bolton analysis [5].

Intraoral scanner (IOS) is an alternative to OS for the digitization procedures of
plaster dental models [3]. Various intraoral scanners are available in the market, with
many different technologies, each with its own limitations, advantages, and costs [6].
The 3D scanning technologies depend on different physical principles and are defined
in the subsequent classes [5]:

1. Laser triangulation 3D scanning technology uses either a laser line or a single
laser point to scan across an object.

2. Structured light 3D scanning technology uses trigonometric triangulation.

3.Photogrammetry 3D scan scanning technology (photography) reconstructs 3D
from 2D images.

4. Contact-based 3D scanning technology is based on the contact form of 3D data
collection and uses a contact probe [7].

Advancements in the CBCT systems have made the digitization of plaster dental
models possible [8]. Several CBCT manufacturers have started integrating extra cast
digitization tools into their machines to simplify the workflow for data acquisition
and surface extraction [3]. CBCT scans are acquired using a volume scan method
instead of a surface scan method using a laser or LED source; therefore, CBCT scans
are not affected by the angle of irradiation or the shape of the subject around the
undercut area proximal contact. CBCT can even be used in cases of crowding without
managing raw scanned data [9].

Digital model fabrication using scans of patient impressions obtained with CBCT
in a dental office is another alternative method to create a model without an intraoral
scanner or a desktop scanner and without directly irradiating the patient. If necessary,
digital models and plaster models can be fabricated using a single impression [10].

2.1.2 3D Facial scan

The assessment and analysis of facial soft tissues are essential for orthodontic and
maxillofacial diagnosis and treatment planning. In aligner therapy, using a two-
dimensional (2D) digital photograph is a basic approach for facial structure assess-
ment. However, this process has been progressively replaced by three-dimensional
(3D) imaging. The 3D facial scan enables creating a virtual face that can be integrated
with 3D models of the dentition obtained by intra-oral scanners and coupled with
3D radiographic images from CBCT for a 3D orthodontic set-up to achieve virtual
patient [11].

There are two classifications of the scanning systems based on the type of equip-
ment of the optical devices, namely stationary systems and portable/handled systems.
In stationary systems, the optical devices are fixed on tripods or adjustable frames,
while in handled/portable systems, the scanners are movable in real time around the
target object [12].
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Stationary facial scanning systems based on stereophotogrammetry technology
were first introduced in dentistry [13]. Digital stereophotogrammetry captures 3D
facial surface data using at least two cameras configured as a stereo pair. This procedure
may be: passive or active. In active stereophotogrammetry, structured-light techniques
are incorporated for higher resolution [14]. Because of the encumbrance, high cost of
this technology, and their operating methods that require frequent calibration, hand-
held scanning systems using laser or structured-light technology were developed [15].

Laser-based scanners function by projecting an eye-safe class 1 laser beam across
a subject’s face. The beam is scattered by the face and collected at a triangulation
distance from the laser’s origin. At the same time, Structured-light scanners (SLSs)
generate 3D facial models by projecting a full structured light pattern (typically verti-
cal stripes) onto a subject’ face, recording deformations in this pattern produced by
the face’s morphology allow 3D face reconstruction [16].

Although most professional handheld scanners are considered acceptable in terms
of their scan image quality, they are expensive and often require considerable train-
ing time to learn their complex scanning protocols [3, 9, 10]. Alternatively, 3D sensor
cameras based on structured-light technology have been developed for smartphone
and tablet devices [15]. Increasing interest is due to mobile devices’ high portabil-
ity, user-friendliness, cost-effectiveness, and popularity [17-19]. The advantages of
smartphone face digitization include reducing time for scanning, image processing,
technical learning [20, 21], and their high portability [22].

Motion artifacts were considered the primary source of error in the results of
portable face-scanning systems [23-25], cautioning that the influence of involun-
tary facial movements has a more significant impact on mobile face-scan devices
than stationary ones [11]. Prolonged scanning time and unstable movements of the
scanners may magnify the motion artifacts caused by involuntary facial movements
[25]. Therefore, using scanners that conduct a single and quick scan is recommended,
mainly when the face scans are performed on children or people with special needs
who struggle to stay immobile for a prolonged time [11, 25, 26].

2.1.2.1 3D dentofacial integration

The 3D dentofacial image integration is performed by matching the dental scans to the
facial scans. Alignment of the two scans (facial scan and dental scan) can use teeth image
only (TO), perioral area without marker (PN), or perioral area with markers (PM) [22].

For the 3D dentofacial integration using teeth images only, the teeth area visible on
the facial scan images is used as a reference to match the facial scan with the intraoral
scan Figure 2 [27, 28].

The intraoral scan of the teeth area associated with the scan of perioral structures
was proposed to enhance the accuracy of the dentofacial integration [29] Figure 3.
This procedure aims to provide larger areas that can be used as a reference to coor-
dinate the intraoral scan of the teeth with the 3D scan of the face. The effect of the
perioral scan method on image matching depends on the use of artificial markers
during the perioral scanning [22]. The absence of clear marks on the skin causes inac-
curacy of the scan data obtained when capturing large areas of the perioral structures
without the skin marker attachment by the intraoral scanner.

Artificial markers provide distinct references for similar adjacent areas so that
they could help the image stitching process. Perioral scan with artificial skin markers
significantly improved the accuracy of integration of dental model to the facial scan
Figure 4 [22].
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Figure 2.
Alignment of the two scans (facial scan and dental scan) using teeth image only (TO).

Bata 30

(@) (b)

Figure 3.

Al;g'gnment of the two scans (facial scan and dental scan) using perioral area without marker (PN) The
participant was scanned using Bellus 3D by rotating the head to the right and the left of the camera, following the
manufacturer’s instructions while maintaining the head at the camera’s center. The scanning mode was set in high-
definition (HD mode) in the scanning software. The intraoral and perioral anatomical structures were acquired
using an intraoral optical scanner meditisoo. The perioval structuves, including the upper lip, philtrum, and nose,
were obtained with the participant’s anterior teeth in a broad smile position. a: The first step is matching perioral
scan to intraoral scan; fixed mesh is intraoral scan. b: The second step is matching the 3D facial scan with the
perioral scan previously aligned on the intraoral scan; the fixed mesh in this step is the perioral scan.

Figure 4.

Th%f two scans (facial scan and dental scan) ave aligned using perioral area with markers (PM). A: The first step
is matching perioval scan to intraorval scan; fixed mesh is intraoral scan. B: The second step is matching the 3D
facial scan with the perioral scan previously aligned on the intraoral scan; fixed mesh in this step is perioral scan.
Artificial skin markers provide distinct references for the image stitching process.

2.1.3 3D X-ray: Cone-beam CT

Major planning solutions for aligners consider only the crown position, not the root
shape. Complete tooth architecture information, including crown and root anatomies,
would improve treatment planning and provide more predictable results [30].
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2.1.3.1 Procedure

Dicom file is imported into 3D setup software; the orthodontist performs
segmentation to have a 3D reconstruction of root morphology, then he stitches
3D segmented teeth to STL IOS model. Afterward, the orthodontist can adapt the
position of the virtual tooth to segmented roots to have a correct pivot. Integrating
3D data from an optical scanner with volumetric data from CBCT imaging provides
an optimal spatial reference for the most accurate hard and soft tissues models.
Figures 5 and 6.

2.2 Digital treatment planning

Selecting software is the main concern for most clinicians to get started with
homemade clear aligners. All 3D setup ortho planning software have typical workflow
Figure 7. The software’s options have comparable abilities at the core; however, some
specific features add value and are determining when choosing a software. Table 1
summarizes the different software available on the market with their respective
options.

Segmenled testh (CEC"I') = ' Scanned Teeth on 108
« 1 "

Figure 5.
Aligning 3D segmented Teeth (Roots ¢ Crowns) to IOS Scanned teeth using teeth as veferences.

Figure 6.
Aligning virtual teeth of 3D setup software according to segmented roots (CBCT).
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Figure 7.

Typical workflow for 3D ortho setup software.

3shape Sursmile C+model Ulab Ortup BSB ArchForm SoftSmile
Ortho

Grid overlay features v/ v v v v v v

Automated v v v v v v v v

Segmentation

Individual or group v v v v v v v v

movement of teeth

Customize v v v v v v v

attachement size/

dimension

Auto place attachment v v v v v

IPR adjustment per v v v v v v v

contact

Staging IPR steps v v 4 4

Same day starts v v v v v

Automated set-up v v v v v

Print horizontal v v v v v v v v

Print vertical: add v 4 v v v

platform

Printing hollow v v v v v

Labels Models v v v v v v v

Aligners setps on v v v v

models

Atomated aligner v v

trimming for milling

machine

Predectibility and v

gradiant difficulty for

tooth movement

License fee v v v v v v

Fee per case/aligner v v v/

exported

Directly print Aligner v

Pontic for extraction v v

Cases

Virtual root v v v
Table 1.

Different software available on the market with their respective options.
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2.2.1 Automatic segmentation

Almost all programs offer an automatic segmentation feature. Artificial intel-
ligence (AI) algorithm finds the gingival border of each tooth. Using Al, the software
will automatically segment and identify the teeth. Next, they will label the teeth and
then automatically create a long axis, center groove line. If necessary, the software
can manually adjust borders with an intuitive brush-editing feature, edit tooth labels,
correct grooves, and adapt the long axis if needed [31, 32].

2.2.2 Realtime simulation

3D ortho setup software authorizes real-time simulation with features as intui-
tive alignment, enabling easily drag teeth to where they need to be, occlusal contact
collision calculation, and IPR options. Also, 3D ortho setup software allows aligning
the teeth to a customizable arch shape by adjusting the arch shape using the control
points placed around it [33].

However, not all programs allow skeletal movements, evaluation of multiple
treatment strategies, and creating treatment simulations for surgical, restorative, and
extraction cases [34]. Plus, features relative to model capabilities as Bolton analysis on
every model, automated measurements of tooth width, arch width are not available in
all software.

The SoftSmile, Blueskyplan orthodontic, Deltaface, and Orth’up aligner software
[31-36] create a 3D model of the orthodontic treatment plan, including a representa-
tion of teeth roots and movement of the lower jaw during the treatment. It creates
optimized teeth movement and suggests, along with the knowledge and skill from the
orthodontist, the exact number of aligners needed for reaching better results.

2.2.3 Advanced staging and sequencing

3D setup softwares make a staging proposal; the user feels the difference in the
possibility of customizing this staging. BSB ortho, uLab, et ArchForm enable the
orthodontist to select the teeth to move first, achieving sequential distalization and
establishing the order of teeth movements [32-35].

2.2.4 Attachments

Adding an attachment is a standard option in 3D setup software. Some softwares
stand out by features such as automatic attachment placement depending on the tooth
movement or customized attachment with adjustable attachment size and gingival tilt
to control tooth movement [35-37].

2.2.5 Ready to print models

From finishing the treatment plan to starting a print, much valuable time is lost on
preparing printable.STL. All softweares allow STL export, but some make the entire
manufacturing process smooth, intuitive, and straightforward.

Blueskyplan ortho, Archform and ULab automatically prepare models for 3D
printing: in few clicks, all models are made hollow, and a bar for vertical printing
without support is attached to them [35-37]. Usually technicians spend 5-7 minutes
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on the preparation of each model, but with BlueSkyPlan Ortho 2 minutes are spent on
preparing the whole case’s models. Features like hollowing models and vertical print-
ing with optimized tilt make the virtual setup process smooth, quick and convenient,
saving resin and printing time [35].

Labelling models is a standard feature that enables adding letters and numbers
on models to identify patients and orthodontists. Nevertheless, special labelling such
as auto labelling imprints onto the aligner is specific to only some software like BSB
ortho, Archform, and Ulab [35-37].

2.2.6 Automatic pontics for concealing gaps and missing teeth

Developed especially for extractions cases, this functionality is not available in
all software. On Archform, and ORTH’UP softweare [33, 37], teeth can be extracted
at any stage during treatment planning. The two software allow clinicians to place a
pontic that will change dimension as the space is closed. The pontic can have the same
form as the extracted tooth, a mirror of the tooth on the other side, or a tooth selected
from alibrary [37]. With SureSmile, either gaps are opened for an implant or closed
after an extraction; once a space is bigger than 3 mm, a virtual tooth is added to fill
the gap [34]. Efficient and fast, this functionality allows significant time-saving in
the preparation of cases for the dental assistant.; avoiding manual waxing on printed
models before thermoforming aligners [33].

2.2.7 Variable trim line

With BSB ortho, doctors can freely choose the trim line design; individualized
positioning bases are added to the aligner to be trimmed in a high-precision auto-
mated laser cutting machine [35]. The Aligner Trim curve will be generated automati-
cally based on the parameters “Curve Shape” and “Trim Margin” in Preferences. Both
parameters can be adjusted as well and regenerate directly on the orthodontics panel.
The export of the curve will be available in the last step for the automatic trimming
of the aligners in the milling machines [35]. ORTH’UP software offers the possibility
of calculating the aligner boundary at each step of the treatment plan and converts
itinto a 3D marking on the printed model. This visual reference makes cutting the
aligners by the dental assistant faster and much more precise [33].

2.33D Printing

The dental sector has been undergoing radical change for many years, thanks
to the digital dentistry movement. Additive manufacturing, in particular, has enabled
the dental industry to expand its use of digital technologies. Indeed, the dental sector
is a promising market for 3D printing technology because it responds to the issue of
customized items.

3D printing is now easily approachable for orthodontists; 3d printing for ortho-
dontics reduces production time and costs, and its potential is still growing [38].

2.3.1 Fused deposition modeling (FDM) 3D printing

Fused Deposition Modeling (FDM) 3D printing consists of creating several layers
by injecting a molten plastic filament through a heated extruder. Any material that
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can be injected through a heated nozzle at melting temperature is printable by this
technology. It comes in a long filament with a 1.75 to 3 mm diameter wound in a

500 g or 1 kg coil. Polylactic acid (PLA), Acrylonitrile butadiene styrene (ABS), and
GreenTech pro are the most suitable materials for orthodontic models. Their prices
vary from 20 to 40 euros [39].

PLA is a fully biodegradable polymer by industrial composting. It is obtained
from the fermentation of starch, beet, corn, or sugar cane. It has the advantage of
not giving off toxic fumes during printing. However, its glass transition tempera-
ture is around 60°, which limits its use under thermal stress, which goes against the
thermoforming of aligners [39, 40]. PLA is generally used in 3D printing due to its
very affordable price also in dental 3D printing to make dental models. New rein-
forced forms are proposed to endure mechanical and thermal stresses. (Pla Ultra,
PLA-X3,) [40, 41].

Acrylonitrile butadiene styrene (ABS) is a thermoplastic polymer with excellent
mechanical and thermal resistance. It is very affordable and is easily recycled by
steaming [42, 43].

GreenTech pro is a 100% biodegradable biopolymer (DIN EN ISO 14855), made
from organic, CO2 neutral, and environmentally friendly materials. The FDA has
approved it for food contact. It has a mechanical and thermal superior resistance to
ABS and PLA, ideal for dental models subject to thermoforming constraints [44].

2.3.2 Stereolithography 3D printing

Stereolithography 3D Printing (SLA) is the most widely used technology in den-
tistry, both for its precision and well-finished surface. For the same layer thickness,
the surface roughness is far well finished compared to FDM. Stereolithography (SLA)
is an additive manufacturing process that refers to the Vat Photopolymerization fam-
ily. In SLA, an object is formed by selectively curing a polymer resin layer-by-layer
using an ultraviolet (UV) laser beam [45, 46].

UV light can be a simple micrometers laser beam that will sweep the entire layer,
point by point, just like a colored pencil that colors a 2D drawing to follow the same
way on the next layer [45]. UV light projection can also be a light projection of an
entire layer by a DLP projector (Direct Light Processing), resulting in a single-shot
polymerization of the entire layer. Compared to SLA, the DLP is definitely faster [45].

Among the leading manufacturers of 3D SLA printers, 3D Systems, is at the origin
of this technology, but also more recent players like Asiga, which was the first to have
launched the Direct Light Processing (DLP) 3D printers in 2011, and Formlabs, which
initiated the introduction of in-office 3D printers to the dental practice through its
FORM?2 printer allowing 3D printing dental materials.

This technology uses 385 nm or 405 nm photopolymerizable resins depending on
the wavelength of projected light. There are many resins dedicated to dental models
which have the advantage over other resins of being very fast in printing and having a
color that helps thermoforming control and good mechanical and thermal resistance.

2.3.2.1 Dental model resin

All resin manufacturers began to produce dedicated dental resins for both prosth-
odontic and orthodontic models. Compared to standard resins, those resins have
faster print speed, are very precise, and have a significantly lower degree of shrink-
age. Dental models resins have a beige color [47].
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2.3.2.2 Dental long term (LT) ® clear resin

It is a class ITa long-term biocompatible resin for printing rigid splints, durable
orthodontic appliances, and night guards. According to some preliminary studies, this
resin may be suitable for clear aligner direct 3D printing because it has good geometric
precision and comparable mechanical properties to the thermoformed aligners [48, 49].

2.3.2.3 Tera Harz TC-85

Graphy, a South Korean-based company of 3D printable photopolymer resins, has
revealed a dental 3D printing material mark, Tera Harz, intending to overcome the
constraints posed by other 3D printable resins used within the dental field.

Graphy’s Tera Harz has obtained CE, FDA, and KFDA medical device certification
and is available in clear (TC-85DAC) or white (TC-85DAW). The clear Tera Harz resin
is fully transparent and has high durability agreed with orthodontic treatment device
purposes. In comparison, the white Tera Harz material features esthetics alongside
durability Figure 8.

2.3.2.4 Post treatment

Objects produced with 3D printing technologies usually need some degree of
post-production treatment. This crucial step of the 3D printing workflow is known as
post-processing. First, 3d printed models must be washed in isopropyl alcohol (IPA)
or tripropylene glycol monomethyl ether (TPM). For optimal cleaning, users have to
shake parts around in the solvent as well as soaked. Habitually, cleaning 3D Printed
models requires two washes in IPA or TPM to be fully clean.

When an SLA part finishes printing, the polymerization reaction may not yet be
completed. Wich means that parts have not reached their final material properties
and may not function as expected, particularly tough parts under strain. Exposing
the printed objects to light and heat, called post-curing, will help solidify its materials
properties. A UV box post-treatment is usually required to achieve the light-curing
process and maximize material strength.

Post-curing is not mandatory for standard resins. Other resin types require
post-curing to achieve their optical-mechanical properties. Each material should be
submitted to the curing process for a specific amount of time. Printed models should
be cleaned and cured before removing supports [46].

Figure 8.
Directly printed aligners with Tera Harz TC-85 resin (TC-85DAC) put, after post-treatment side by side with
thermoformed aligner (Biolon 0,75 mm).
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2.4 Thermoforming aligners

The first aligners developed by Align Technology corresponded to a single-layer
rigid polyurethane produced from methylene diphenyl diisocyanate and 1,6-hex-
anediol. To enhance its mechanical proprieties and transparency Smart Track (Align
Technology, 2012) developed a new thermoplastic polyurethane [50, 51]. The expan-
sion in demand for clear aligners has commanded the development of additional
thermoplastic materials for clear aligners by other entreprises, such as e.g. Invisalign,
Duran, Biolon, Zendura, Erkodur, ClearCorrect, Erkoflex 95, Erkoloc pro, etc.

[52, 53] Table 2 summarizes the different sheets currently on the market [54].

The manhood of current aligner companies uses transformed polyethylene
terephthalate glycol (PETG), although polypropylene, polycarbonate, thermoplastic
polyurethanes, copolyester, and many other materials are also used [50].

The mechanical characteristics of dental polymers exhibit a myriad of influ-
ence factors, such as intrinsic factors (molecular and crystal structures, etc.) and
extrinsic factors (temperature, humidity, etc.) [55, 56]. The used polymers are either
amorphous or semi-crystalline. Low crystallinity of polymers typically means high
flexibility, high elasticity, and adaptability to the tooth shape, but on the other side,
they present low tensile strength, low chemical resistance, and stability [56]. From a
clinical perspective, polymers with high flexibility and elasticity are more convenient
for patients to insert or remove the aligners. Furthermore, they adjust better to the
complexity of the tooth anatomy, attach perfectly to any surface. Correlated to align-
ers of rigid materials, they also guarantee continuity of force expression during the
orthodontic treatment [56].

Product name Component Manufacturer

Zendura Poly-Urethane (PU) Bay materials

Zendura FLX. Thermoplastic Polyurethane (TPU)

Essix ace+ Copolyesther Dentsplay

Essix c+ Polypropylene/ethylene/copolymer Dentsplay

Clearaligner Polyethylene terephthalate glycol (PETG) Scheu Dental

Biolon Polyethylene terephthalate glycol (PETG) Dreve Dentamid
gmbh)

Smilers Polyethylene terephthalate glycol (PETG) Biotech Dental

Smiletech Polyethylene terephthalate glycol (PETG) Ortodontica
Italia srl

Taglus tuff Polyethylene terephthalate glycol (PETG) Allure Ortho

Clearcorrect Zendura: POLY-URETAN (PU) Strauman group
brand

Duran Polyethylene terephthalate glycol (PETG) Scheu Dental

Track A Polyethylene terephthalate glycol (PETG) Forestadent

Track B Polyethylene terephthalate glycol thermoplastic polyurethane Forestadent

(TPU/PET-G)
Erkodur-al Copolyester Erkodent gmbh

Table 2.

Different sheets currently on the market.
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2.4.1 Thermoforming machines

Thermoforming consists of hot shaping thermoplastic products made of polymers.
There are two types of thermoforming machines:

* Vacuum forming machines that operate on the principle of air depression. A
draft takes place below the model to be thermoformed, thereby ensuring the
plastic material’s suction above. Example: Essix Machine®, Tray Vac®, Econo
Vac®, Erkopress 240® [57].

* Pressure forming machines that generate pressurized air above the thermoplastic
material to press it against the model. Steel granules partially coat the model
limiting thermoforming to uncovered areas. Example: Ministar®, Erkoform® or
Drufosmartscan® [57] Figure 9.

Vacuum forming machines are not recommended for making aligners because
they are not accurate enough. The aligner must have a tight fit on the models to
transfer that fit over the teeth and have the proper amount of force. For this purpose,
pressure-forming machines are more adapted. These machines are usually already
present in the dental office for making retainers, night guards, etc.

The selection of a forming machine will be made according to the compatibility of
the machine to different brands of trays, the space allocated to thermoforming in the
dental office, the Drufosmart® for example, takes up a little less space than the others
because of its vertical forming design, or according to features that will facilitate and
automate the task of dental assistants, such as the barcode reader where the materials
setting are just scanned, or the possibility of thermoforming several models at the
same time for mass production.

2.5 Tray trimming and polishing

After thermoforming, the aligner is first cut on the 3D printed model with large
chisels; then, it is delicately removed to avoid permanent deformation on the aligner.
The cutout is finished with curved scissors. Polishing the edges is done with polishers
to avoid having sharp edges. Solutions for automated trimming exist on the market

Drufosmart scan® Ministar® Erkoform®

Figure 9.
Pressure forming machines for aligner’s fabrication.
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like Inlase for dental practices with an expanded production volume of aligners [58].
There are solutions for automated trimming on the market like iINLASE®, which is a
laser trimming machine that automatically cuts thermoformed aligners in less than
15 seconds, without the need for manual cutting or polishing Figure 10 [58].

2.5.1 Scalloped VS continuous curve

According to Cowley et al. [59], there are three designs for aligners at the gingi-
val margin:

* A scalloped gingival margin design, along the gingival zenith, which is used by
Invisalign and Orthocaps.

* A straight line gingival margin along the gingival zenith.

* A straight-line gingival margin above the gingival zenith (which is used by CA
Clear Aligner) [59].

The difference between the techniques was remarkable. The straight cut 2 mm
from the margins was about twice as retentive as the scalloped cut for clear aligners
without engagers. For clear aligners with attachments, the straight cut 2 mm from the
margins was over four times as retentive as the scalloped cut.

Cutting the aligners differently had more of an impact than supplementing or
excluding attachments. Aligners are more comfortable with this technique because
the aligners impinging on the unattached marginal gingiva is less risk. The edge of the
aligner is covered further under patients’ lips during everyday use; this should also
slightly increase the discreetness of the aligners.

2.6 Packaging and delivery

Packaging and labelling is a step that is often overlooked in aligner fabrication.
Standards bags with a zip-lock function can be easily found on the market and

Figure 10.
In-office trimming of aligners.
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handled for aligner packaging. Practitioners can easily utilize labels and print office
logos and patient information. A bag or a box can be used to deliver the aligners to the
patient; custom printed plastic bags are preferable to boxes. Besides being more cost-
effective, custom printed bags take up less space and are easier to stock and deliver

to the patient, particularly when only a few stages are required. From a branding
perspective, practices with in-house aligner production should package the aligners in
a way that promotes their office Figure 11.

2.7 Delegation

Delegation is a fundamental concept in management. It allows the practitioner to
“optimize his diploma” by performing only acts or tasks which fall solely and specifi-
cally within his competence. On the other hand, it helps develop team motivation.
Delegating tasks relating to new technologies such as 3D printing or digital impres-
sion helps to motivate and, above all, enhance dental assistant work.

For homemade aligners, 90% of the tasks can be delegated to a dental assistant.
10% of the remaining tasks concern planning of 3D setup, some steps of which can
also be delegated. When outsourcing 3D setup, the whole production chain is del-
egated. Table 3 shows the distribution of tasks relating to the homemade aligner.

The dental assistant must do all patient records. Indeed intraoral scanning, taking
2D or 3D X-rays, and face scanning all these tasks can be delegated to a well-trained
dental assistant.

The dental assistant will import /export various STL/OB]J files either to prepare
the 3D setup or to print the various stages. The dental assistant will also process data
such as tooth segmentation, labelling, and nesting models on 3D printer software.
The interoperability and intuitiveness of the software will allow the dental assistant to
switch from one software to another seamlessly.

All tasks relating to 3D printing are delegable: removing models from building
platforms, washing, drying, curing models, and removing supports. When choosing
a 3D printer, the practitioner should consider user-friendly and intuitive 3D printing
software that exports the models with the bases set at the correct angle. Likewise,
selecting a 3D printer with features like calculating the amount of resin or filament
needed for 3D printing to not run out of materials is crucial for overnight 3D print-
ing. Samely when purchasing post-treatment hardware, the practitioner must choose
automated systems for washing, drying, and curing models to make the task as
efficient as possible for the assistant.

Figure 11.
Homemade packaging for aligners.
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Orthodontist Dental assistant
Clinical Digital * Intra-oral scan
work models * Closing model’s holes
 Exporting for set-up
* Software/outsourcing
2D X-Ray- Taking 2D X-Ray/ CBCT
CBCT
Facial 2D photos
3DFacial scan
Aligner’s Seats check
Initial
insertion
Laboratory Planning * Aligning teeth * Loading models in software
work Software ¢ Choosing attachments ¢ Marking teeth
 Staging ¢ Segmenting teeth
* Pre-aligning teeth
¢ Labeling models
* Adding Platform
* Exporting for 3D (hollowing models)
3D printing * Nesting models in 3D printer
* Software
Post * Removing models
processing * Washing & drying models
¢ UV Curing models
* Taking off platform /supports
Aligner * Thermoforming
fabrication + Cutting/trimming
* Polishing
* Packaging
Table 3.

The distribution of tasks relating to the homemade aligner.

Aligner fabrication is a fully delegable task; the dental assistant must do the entire
process, thermoforming, cutting, polishing, and packaging. Thus, the dental assistant
performs the initial insertion of the appliance to check its fitting.

3. Results

Invisalign is the most common clear aligner option that is outsourced. The cost for
Invisalign treatment is 575 $ for five aligners, 1199$ for 14 aligners cases, and 1779$
for full cases. For ClearCorrect, the price for five aligners is 395 $, 935$ for 14 aligners
cases, and 1495$ for unlimited cases.
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Invisalign Clear In-office printing & In-office fabrication out
correct thermoforming* sourcing planning **
5 aligners 575 % 395$ 72% 252$
10 aligners 925% 695$ 125$ 305$
14 aligners 1199 $ 935$ 167$ 347$
30 aligners 1779% 1495$ 335$ 515$
Revision 125$ 95%

*5 $ fabrication cost per aligner and 20 $ software cost per case (2jaws) (10$ one jaw). Cost per aligner include
materials cost/ printing cost and assistant’s time to fabricate the aligner.
**200$ for outsourcing planning (Labpronto).

Table 4.
Comparison cost fee for different aligners systems.

When aligners are homemade, the cost for five aligners treatment turns around
708$. This includes printing, materials, assistant time to fabricate the aligner, and
software fee. The cost per printed model is for resin models 1,75 $, and it depends on
the brand of the resin and the use or not of supports while 3D printing. The cost per
clear aligner sheet is 1,5$ (biolon 0,75 mm), and it also depends on the brand of the
aligners sheet. In the USA dental assistant’s average wage per hour is $ 25; for aligner
fabrication, a dental assistant takes 5 minutes to make each clear aligner, so the cost
per aligner for assistant time is roughly 2$. The total fabrication cost per aligner for
homemade aligners is 5,25$. For an in-house clear aligner software, the fee per case is
20 $ for two arches (Bluesky plan ORTHO) and 10$ if only one arch is processed. If
the orthodontist wants to outsource the planning, the cost for outsourcing planning is
$200 (LabPronto). Table 4 recapitulates the different costs according to the treat-
ment options and the number of aligners.

4. Discussion

Orthodontic practices that integrate in-house aligners solution into their operation
gain full control over the workflow eliminate outside lab fees, and achieve faster pro-
duction turnaround time. Internalizing aligners manufacturing in the dental office
reduces by at least half of the cost compared to commercial aligners suppliers Table 4.

Being able to reduce aligner fees for patients will increase profit line and case
acceptance. Nowadays, direct to consumers companies propose clear aligners with
competitive cost compared to conventional aligner treatment. Thus the do-it-yourself
(DIY) aligners companies are trying to eliminate the orthodontist from the equation.
With the homemade aligners the orthodontist can be competitive even with such
companies.

In-office aligner’s production allows complete management for the entire aligner-
making process. Compared to a custom commercial aligners laboratory, this flow
enables complete control over the treatment plan because planning is done by the
orthodontist and gives particular options like having additional aligners/refinement
or producing several aligners for the same step in different thicknesses for specific
case’s need.

Orthodontists have also control of the 3D printing process: by controlling materi-
als, resolution, printing direction, models Hollowing, etc.. and managing aligner
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sheets materials in terms of composition, thickness, toxicity (Bisphenol A (BPA)

free) [60], and the trim line, also being able to customize this factors for each specific
clinic case. All these aspects have a significant impact on the efficiency of clear aligner
therapy.

In-house aligner production authorizes faster processes for patients; Aligner
production can begin as soon as the patient is ready to undergo oral scans. Practices
can provide same-day or next-day starts service depending on the patient queue. Ina
same-day appointment, an orthodontist can take oral scans, plan out treatment, and
print and form the first aligner stages before the patient leaves the office or within
a few hours of the appointment. The expedited service provides optimal customer
service and an immediate customer lock-in advantage.

4.1 Digital model creation

Digital models offer more advantages such as instant accessibility of 3D informa-
tion without the need for the retrieval of plaster models from a storage area, reduced
need for large areas for plaster model storing, and less time-consuming analysis [61].
With 3D digital models, clinicians can evaluate dental models in three-dimensional
aspects and perform dental analysis in more detail. Interrelation between maxillary
and mandibular arches can be better observed in occlusion on different scenes in
3D software [62]. Digital models also provide virtual treatment and virtual setup
[63]. 3D models can be processed to analyze specific teeth and to estimate the axis or
position of individual teeth, which provides a three-dimensional prediction of tooth
movement by superimposing dental changes on stable reference structures [5].

Desktop Optical Scanning is a simple, fast, and straightforward procedure;
models do not require a second scan due to the scan’s lack of data or non-completion.
Likewise, the OS procedure is an entirely delegable task. However, despite all the
advantages, it is very cost-intensive and therefore unaffordable for many dental
offices and labs, and for impression scanning procedures, the record of the patient’s
occlusion cannot be obtained [3].

Intraoral scanners introduce innovations in orthodontics such as monitoring
dental movement through digital model superimposition aligners [64, 65], further
customization of orthodontic appliances such as removable retainers [65], and last
but not least, more accurate diagnosis, treatment planning and even simulation of
possible orthodontic movement on appropriate software [66, 67]. Furthermore, scan-
ning requires more chairside time, but it was found less unpleasant than the standard
procedure of impression taking [68]; evidence exists that patients when asked which
type of impression satisfy them more, choose digital due to patient-centered out-
comes [69].

A systematic review [70, 71] of the accuracy of intraoral scans reported that inter-
and intra-arch measurements from intraoral scans were more reliable and accurate
in comparison to those from conventional impressions. Another systematic review in
prosthodontics [72] reported that dental restorations fabricated using digital impres-
sions exhibited a similar marginal fit to those fabricated using conventional impres-
sions [73].

Many factors affect the accuracy of the I0S, such as [74, 75]:

1. Scanner: capacity to register details and its accuracy.

2. OperatorUser: scanning fundamentals and path’s scanning.
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3.Scanning area: the dimension of the scanning area, arch length, and surface ir-
regularities.

4.Intraoral environmental factors: temperature, relative humidity, illumination,
shiny, reflective, or transparent objects [7]. Solabrietta et al. denoted that the
differences in accuracy between the scanners are rudimentary, and the charac-
teristics that make everyday work easier and more pleasant for the doctor and
the patient seem to be much more relevant [61].

After a conventional alginate impression, a median of 22 minutes is required for
plaster modeling, including pouring and trimming. In Park JY, study [9], the digital
models were obtained within 5 minutes after a rubber impression, with 14 seconds
for the CBCT scan of the impression, 1 minute for CBCT file export, and 2 minutes
for generating an STL file for each arch. In terms of efficiency, digital modeling using
CBCT seems to be clinically feasible and is correlated to reduced laboratory time. No
significant differences were found in most measurements between the cast scan mod-
elsand CBCT digital models. CBCT may be suitable for use in clinical practice because
of its advantages, including a reduced working time for digital model rendering [9].
For a dental professional who previously has a CBCT or an IOS device, the acquisition
of another digitization system might seem redundant [3].

However, the 3D ortho setup is done on maxillary and mandibular 3D models in
occlusion. Using a CBCT to digitalize dental arches is undoubtedly possible. However,
the registration of the occlusion, which is indexing one model in relation to the other
with this method, is not as intuitive as with an OS or IOS and will require additional
CBCT scans of the models in occlusion and the passage through a third-party soft-
ware to align, relate and index the models before importing them into the 3D setup
software.

For Emara A, OS is the best choice for dental models’ digitization. The CBCT,
however, proved to be a highly precise option. Even if the tested IOS showed the low-
est results in terms of accuracy, it is still a valid affordable option for model digitiza-
tion, with results falling within the “clinically acceptable” range [3].

4.2 Facial scan

Facial scanner using a mobile device 3D sensor camera has been captivating much
interest in recent years because it is highly portable and cost-effective and because of
the popularity of mobile devices [14]. Smartphone- and tablet-compatible 3D facial
scanners have been described to be a valuable tool for clinical use in prosthodontic
treatment [12, 15-18]. However, the digital facial impression accuracy obtained with
mobile device-compatible face scanners has not been investigated [15].

No significant difference was found between stationary and portable face-scan-
ning systems concerning the accuracy of the resultant digital face models. Within the
comparison of scanning methods, stereophotogrammetry, laser, and structured-light
systems showed similar levels of accuracy in generating a digital face model [11].

The accuracy of mobile device—compatible face scanners in the 3D facial acquisi-
tion was not comparable to that of professional optical scanning systems, but it was
still within the clinically acceptable range of <1.5 mm in dimensional deviation [15].

Amornvit et al. [76] and Liu et al. [77] reported that mobile device—compatible
face scanners are comparable to professional 3D facial scanners when scanning simple
and flat areas of the face such as the forehead cheeks, and chin. However, scanning
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accuracy was relatively low when mobile device—compatible face scanners were used
to capture complex facial regions, such as the external ears, eyelids, nostrils, and
teeth [76-79]. Higher inaccuracy was found in the facial areas with defects, depend-
ing on the depth of the defect [15, 20]. The teeth scan quality for the smartphone 3D
face scan could be lower than that of the stereophotogrammetry because of the high
sensibility to the depth of the smartphone facial scanner [16, 22].

The accuracy of the image integration using teeth images only principally relies on
the spatial accuracy and the resolution of the captured anterior teeth image in the digi-
tal facial scan [28]. When only the teeth region was used for image matching between
the facial scan and intraoral scan images, the alignement could be predisposed to error
because of the image deformations of the 3D facial model at the mouth area due to the
difficulties in scanning the complex structures of the teeth and the gingiva [22, 28].

The accuracy of virtual dentofacial combinations was mainly reliant on perioral
scans and artificial skin markers. The most trivial midline deviation and frontal plan
canting were found when the perioral image with artificial markers was used. In con-
trast, the highest divergences were found when the perioral image obtained without
markers was employed for image alignment. Although stereophotogrammetry face
scan generally showed higher accuracy of virtual dentofacial integration than the
smartphone 3D depth camera face scan, the difference between the devices was not
significant when the perioral scans were used as references for image matching.

4.3 Setup planning

Unique features make some software high valuable, when choosing software for
homemade aligners, orthodontists should look for a program that includes the func-
tionality of matching CBCT data to IOS data and the possibility of positioning the
virtual roots of the 3D setup software according to 3D segmented teeth from CBCT.
Accurate superimposition of the intraoral scan over the CBCT data would allow the
orthodontist to clearly view a dimensionally true representation of a tooth and its root
relative to the alveolar ridge [80, 81]. While the conventional virtual setup focuses
on moving the crowns, the 3D digital model includes root positions, thus enabling a
better outcome [82-84].

BSB ORTHO offers advanced options such as integration of CBCT and facial scan
data, the superposition of these data with the 3D models is seamless with BSB ORTHO
software, also import and export high definition models to have as little decimation as
possible and achieve a good fitting of the aligner [35].

Archform, uLab, and 3Shape software create the same-day functionality without
spending time creating a complete treatment set-up. This adds value for the clini-
cian offering super-speed turnarounds and bringing instant orthodontics into their
practices [84].

Carestream’s Model+ software is a relative newcomer to the aligner software space;
Carestream’s Model+ software has a unique feature that only is within their software.
Model+ allows the clinician to assess individual tooth movements and grade both case
complexity and predictability of individual tooth movements [84].

ArchForm can be used across multiple computers and keep patient data in syn-
chronization. For example, the orthodontist can start a design on the office computer
and continue it on his laptop at home. Plus, the software keeps patients on track,
turning around refinements in one day by instant adjusting treatments mid-course for
faster treatment and more precise results [37].
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ArchForm and ULab’s Al-assisted software includes one-touch bracket removal
features that make finishing bracket cases in aligners or preparing finishing retainers
in advance easier by allowing easy removal of the brackets post-scanning [85].

Direct 3D printing of aligners is more innovative and is gradually gaining market
share, especially with the emergence of more suitable resins. It is a breakthrough.
Deltaface & BSB Ortho are the only two software on the market that offer this
functionality; the rigidity of the aligner is set on that software by locally adjusting the
thickness of the aligners. This technic offers many advantages, notably: better preci-
sion, saving of time by eliminating the steps of thermoforming, cutting, and polish-
ing; it also allows a saving of resin by removing the need to print the models, which
has an ecological virtue [31, 35].

Many software options require monthly subscription fees, pay-per-case export
fees, or pay-by-aligner pricing, and it is crucial to select cost-effective and functional
software for the office.

4.4 3D printing

FDM printer extrudes a resin that has been heated just beyond its melting point,
placing it layer by layer. The heated material hardens immediately after being
extruded, thus minimizing inaccuracies. Of the available materials, the most com-
mon are polylactic acid and acrylonitrile butadiene styrene (ABS). These often come
on spools that can easily be replaced as needed. FDM 3D printing has the advantage
of printing at a low cost and not needing post-processing, but it is relatively slow
and less well finished than stereolithography. However, it offers relatively sufficient
precision for orthodontic models because it easily makes dental models print with
100 to 50 microns accuracy with semi-professional 3D printers like the Ultimaker S5
and Raise3D E2. It is possible to recycle old ortho models through filament extrusion
machines (for example: 3DEVO) to achieve almost zero production cost and ecologi-
cal production [86].

Nanometric particles are emitted during ABS 3D printing process and are harm-
ful if inhaled. To avoid the harmful inhalation of these particles, practitioners who
want to integrate this technology in their practice area should use a fully enclosed
3D printing room equipped with a fume extractor-ultrafine particle emissions from
desktop 3D printers [87]. Adding adherent agents on the printing bed is strongly
recommended to limit the warping (Detachment of the part from the plate during
printing) of the ABS [86].

Generally, there is no post-processing for FDM 3D printed dental models as they
are generally horizontally printed and do not need any supports or printing platform.
Despite being slow, this technology requires the minimum intervention from the
operator because after detaching the model from the printing bed, models are prompt
for thermoforming process.

In the aligner-manufacturing context, biocompatibility resin is not mandatory
except in direct 3D printing aligners that will emerge soon. However, according
to other authors, the Dental LT could be subject to an overall thickness inaccuracy
compared to the designed file, leading to undesired movements [88]. In addition, 3D
printing orientation and post-processing conditions; (exposure time to UV light and
heat) could impact mechanical properties and biocompatibility of Dental LT resin
[53, 89]. Further studies both in vitro and in vivo are needed based on these claims to
test this resin and other direct aligner printable resins [90].
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With the evolution of materials, the direct printing of aligners will take over the
thermoforming process, save a considerable amount of models resin, streamline
production, and reduce costs [91].

4.5 Thermoforming aligners
4.5.1 Influence of thermoforming

Ruy et al. examined the impact of thermoforming on the physical and mechanical
properties of various thermoplastic materials for clear aligners (Duran, Essix A+,
Essix ACE, and eCligner). They observed that the optical transparency, the tensile
force, and the elastic modulus of the aligner materials decline after the thermoform-
ing process, while water absorption was increased [92].

Moreover, they recommended evaluating these materials’ durability after ther-
moforming to characterize their properties for their clinical application [92]. From
a clinical perspective, the authors also proposed choosing the polymers depending
on the treatment required, as some of them show a significant decrease in flexural
strength after thermoforming and exhibit permanent deformation during treatment.
On the other side, the application of large forces to the teeth can lead to absorption of
the apical root [92].

Kwon et al. [51] assessed the force delivery properties of thermoplastic orth-
odontic materials. They found that the forces delivered by thin materials were more
significant than those delivered by thick materials of the same brand [92].

4.5.2 Esthetic appearance

Transparency is evaluated to investigate the esthetic aspect of the materials. The
transparency of materials decreased with an increase in their thickness. In addition,
with decreased thickness after thermoforming, the transparency also decreased,
which can be explained by the structural deformation of thermoplastic materials
resulting in decreased transparency. Nevertheless, this transparency change did not
compromise the esthetic appearance of clear aligners [92].

Many studies evaluate the stability of the materials after their average use of two
weeks through the colorimetric alterations of aligners [93]. Bernard et al. affirm that
there are foods that stain more than others (above all black tea) and that the Invisalign
aligners (TPU) were more prone to pigmentation than the ClearCorrect (PU) or the
Minor Tooth Movement devices (PET-G) after exposure to coffee or red wine. Black
tea caused important stains on the surface of the three tested brands [93, 94].

4.5.3 Water absorption

Water absorption can negatively influence the mechanical properties of polymers
leading to irreversible deterioration because water absorption is often appended to
swelling and, thus, a deterioration of the polymers [95, 96]. Besides the deterioration
effect, the swelling also leads to dimensional variations of the mouth devices, which
affects the orthodontic forces [96]. Therefore, an ideal thermoplastic material for a
clear aligner should have a low water absorption [54].

Tamburino et al. investigated the properties of materials for the thermoforming
production of aligners. The materials used in their study were: Duran® (PETG,

Sheu dental GmbH), Biolon (PETG, Dreve Dentamid GmbH) and Zendura®
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(PU, Zendura Dental). Artificial saliva was used as an aging agent at a temperature
of 37°C for 7 days [97]. The liquid absorption of Duran material is only almost half of
the Zendura one. In addition to higher water uptake, the authors observed a decline
of the mechanical properties of the Zendura that can be related to the mechanism of
intramolecular bond destruction by water molecules [97].

Ryokawa et al. [8] reported that water absorption by both PETG and copolyester
increased to 0.8 wt% in their 2-week experiment. In addition, water absorption
by PETG differed depending on the type of thermoplastic material [55]. Zhang et
al. [93] reported that water absorption increased when polyurethane was added to
PETG during the development of new thermoplastic material for thermoformed
aligners [92].

4.5.4 Mechanical properties

Tamburino et al. investigated the mechanical properties of the aligner materials
Duran, Biolon, and Zendura in the as-delivered state, after thermoforming, and after
storage in artificial saliva [97]. The authors found that the tensile yield stress of the
Duran and Biolon materials only slightly changed after thermoforming (9% increase
for Duran, 6% decrease for Biolon), while it decreased by one-third for the Zendura
[54]. After exposure to artificial saliva, the tensile yield stress of the Duran material
decrease back to it as-supplied strength, while the tensile yield stress of Biolon and
Zendura materials slightly increase (to —3% respectively to —28%). Based on their
finding, these authors propose to select a material for orthodontic devices after char-
acterizing its mechanical properties after the corresponding manufacturing process
and storage test in an intraoral simulation environment [54].

4.5.5 Elastic modulus

A higher elastic modulus is beneficial for aligners as it increases the force delivery
capacity of the aligner under constant strain [98, 99]. Plus, materials with a higher
elastic modulus can produce the same forces from thinner thickness [99]. The elastic
modulus is proportional to the material stiffness. In their study [97], Tamburino et
al. also examined the elastic modulus of the aligner materials Duran, Biolon, and
Zendura in the as-delivered state, after thermoforming and after storage in artificial
saliva. The elastic modulus of the Duran and Zendura materials increased by 11%
respectively 17% after thermoforming, while the one of the Biolon material falls by
7%. Looking at the elastic modulus after artificial saliva exposure of the materials
shows different behavior [100]. The elastic modulus of Biolon and Zendura material
is relatively stable, while a significant decrease was observed for Duran. This decrease
can be explained by water uptake happening during the storage in artificial saliva

fluid [54].

5. Conclusions

Practice owners need to invest in material resources, but they also need to invest
in education to help their team implement homemade aligner workflow. While 3D
printing aligners in-house require that practices invest time and money, eliminating
lab fees and the ability to provide same-day high-quality, consistent services justifies
the investment by increasing profit margins, decreasing treatment timelines, and
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improving patient satisfaction. In-house production of aligners is the best option for
practices that want more profitable and faster service. It just requires flexibility and
an openness to learning new workflows that will carry the practice forward.
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Surgical Digitally Guided Planning
for the Mini-Screw Assisted Rapid
Palatal Expansion (MARPE) and

Suture Perforation: MARPE Guide

Cristiane Barros André, Bruno de Paula Machado Pasqua,
José Rino Neto and Fibio Dupart Nascimento

Abstract

The surgical planning digitally guided for the mini-screw assisted rapid palatal
expansion (MARPE) technique consists of a three-dimensional positioning of
MARPE and its mini-implants by a nasomaxillary anatomic evaluation. This tech-
nique also includes the simulation of the perforation areas on the midpalatal and
transpalatal sutures. This type of planning is performed by superimposing the
patients’ files (STL and DICOM). Correct positioning without colliding with the
lateral tissues of the palate and the bicortical positioning of each mini-implant are
important components of the case study. The MARPE device permits individual-
ization of the height of the mini-implant rings in each region. To avoid incorrect
insertion of the drill, the location of the midpalatal and transpalatal sutures was
determined using digital planning. A positioning that avoids contact with important
structures, such as the nasopalatine canal, while permitting bicortical drilling of
the sutures is recommended. Then, a guide that reproduces MARPE positioning
and another guide that reproduces the perforations are fabricated, providing exact
reproducibility as performed virtually.

Keywords: orthodontic anchorage procedures, palatal expansion technique,
skeletal anchorage, cone-beam computed tomography

1. Introduction

The mini-screw assisted rapid palatal expansion (MARPE) technique comprises
rapid maxillary expansion (RME) in adult patients using a mini-implant-supported
device, permitting orthopedic expansion with few side effects [1-3]. This procedure
is well accepted by patients owing to its low cost and less invasiveness compared to
surgically assisted RME [4].

To perform the MARPE technique, cone-beam computed tomography (CBCT) is
essential as it allows a complete anatomical evaluation of the nasomaxillary complex
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region where the expander screw and mini-implants are placed [5]. Moreover, by
assessing bone thickness from CBCT images, the amount of bicortical mini-implant
thread insertion can be measured [6]. This is critical as the bicortical position-

ing of mini-implants permits wider distribution of expansion forces, avoiding the
concentration of stress areas around the mini-implants, providing better skeletal
effects [7, 8].

Therefore, an evaluation protocol using CBCT [9] was introduced to select the
ideal region for the mini-implants. However, this technique does not consider all
anatomical variations in each patient, and the lack of a guide that reproduces this
planning in the patient’s oral cavity is a matter of concern. Thus, André [6] described
a technique that performs a careful evaluation of important anatomical structures,
such as nasal septum deviation, maxillary sinus extension, the sinuosity of the sutures
evaluated, and location of the incisive foramen and transpalatal suture. Although the
planning is more comprehensive, there is still a lack of guidance for reproducibility in
the oral cavity.

With the advent of digital flow technology, a new technique was introduced, not
only for planning, but also to reproduce the virtual placement of the entire appli-
ance, providing accuracy, reproducibility, and safety to the MARPE technique. This
technique, called MARPE Guide, consists of a three-dimensional digital placement,
which comprises the positioning of the mini-implants specific for MARPE, as well as
the expander screw itself. To overcome the shortcomings of the previously described
planning techniques, a guide is generated that reproduces this digital placement
[5,10-15].

By superimposing the intraoral digital scanning file (STL) and CBCT (DICOM), it
is possible to choose the correct location accurately and safely for the placement of the
mini-implants and expander screws. Additionally, the structures of the nasomaxillary
complex in a three-dimensional form are individually evaluated (Figure 1). Thus, the

Figure 1.

The image of this case shows a MARPE complex positioning between the incisive foramen and transpalatal suture,
not extending to the soft palate area. The midpalatal suture is observed in green, transpalatal sutuve is represented
in blue, nasoapalatine duct is visualized in ved, and mini-implants ave presented in orange.
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chances of failure are reduced using the MARPE guide, as it is possible to select the
size and amount of mini-implant thread insertion of each mini-implant. Moreover,

it permits accurate prediction of the mini-implant trajectory. Even in the most
complex cases of anatomical variations, injury to important anatomical structures is
avoided. This increases the safety of the technique, as well as the chances of success.
For patients with severe transverse maxillary deficiency, increased palatal depth,

or severe asymmetry, the MARPE Guide is associated with a MAEPE model called
MARPE EX, developed in 2017 by Peclab (Peclab®, Belo Horizonte, Brazil). This
device has an individualized mini-implant ring height, which permits positioning

of the MARPE complex without colliding with the lateral palatal soft tissues. Height
adjustment is performed according to the anatomy of each patient’s palate, even in
severe cases of transverse deficiency and maxillary asymmetry [16]. Among the
physical characteristics of MARPE EX, the increased distance between the anterior
and posterior mini-implant rings is observed, in search of a larger support area for the
mini-implants. Regarding the tension exerted by this device on the skull, less tension
on the supporting teeth was observed, as well as a wider tension distribution over the
entire lateral lamina of the pterygoid process [16].

However, in complex cases of varying thickness of the maxilla and cases of
advanced maturation of the midpalatal suture, even with virtual planning, these
cases are limited. The increased interdigitation of the midpalatal suture is a strong
resistance during RME. Therefore, Suzuki et al. [17] proposed the performance of
corticoperforations in the region of the midpalatal suture during RME, to reduce
the resistance by weakening the midpalatal suture, relying on the phenomenon of
regional acceleration (corticoperforations). Although it appears to be an effective
method, it is not a precise procedure as drilling is performed based on the palatal
raphe (soft tissue), which does not always coincide with the midpalatal suture itself.
Therefore, the Corticoperfuration Guide (Cortex guide) provides the most effective
weakening of this suture, enabling guided drilling, performed precisely following
its path, that may be sinuous, rectilinear, or curved. Another important and unmen-
tioned factor is perforation along the transpalatal suture. Perforation in the more
posterior region is of utmost importance, as the maxillary posterior region demon-
strates greater resistance during RME [16, 18].

By adding this new technique of digital planning with the advantages of MARPE
EX, treatments are anticipated to become safer, more accurate; thus, expanding
the possibility of treatment for patients with severe transverse deficiency, maxil-
lary asymmetry, and variations in the maxillary thickness. Thus, this book chapter
proposes the presentation of the virtual MARPE placement as well as the guided
corticoperforation technique (Cortex Guide).

2. Materials and methods
2.1 Anatomical evaluation and virtual placement

The analysis of the maturation of facial sutures is performed through the file in
DICOM format. For the midpalatal suture, the analysis follows the method proposed
by Angelieri et al. [19], where the operator must be calibrated to perform this tech-
nique with reproducibility [20]. This technique is critical as an auxiliary diagnostic
method, as it provides information regarding the challenge and resistance during the
separation of the midpalatal suture according to its maturation stage. Next, another
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suture, the zygomaticomaxillary suture, involved in RME is classified (established
by Angelieri et al. [21]). This evaluation is performed by accessing the sagittal and
coronal sections of the CT scan, and the suture is evaluated in a stage from A to E,
where A is the earliest stage of maturation and E is the most advanced stage. The
pterygopalatine suture was also evaluated, although there is no consolidated clas-
sification in the literature. When it is in an advanced stage of maturation, this suture
is quite homogeneous compared to neighboring bone tissues, which is alarming to
orthodontists as it suggests greater resistance to RME. Next, the location and shape
of the transpalatal suture are analyzed. It is ideal to perform virtual placement of the
mini-implants anteriorly to this suture (Figure 1); however, in many cases, owing to
the positioning of the incisive foramen and reduced anteroposterior dimension of the
maxilla, the most anterior virtual placement is not always feasible [5] (Figure 2).

In addition to the maturation stage, it is critical to verify the shape and aspect
of these sutures as they can be straight, sinuous, or curvilinear. This can occur both
horizontally and vertically (observed in coronal and axial sections). This verification
is of total importance to perform the virtual placement without touching the sutures
(Figure 3).

After suture analysis, the three-dimensional files (STL and DICOM, Figure 4)
were superimposed [10-15]. As described in the literature [5], both files should be of
good quality because they provide essential information, such as hard and soft tissue
thickness, anatomical variations, and location and trajectory of the mini-implants.
Failure to take this information into account may lead to complications and failure of
the MARPE technique.

This procedure can be performed in any software that accepts the superimposition
of the STL and CBCT files and also permits the importation of mini-implants and the
MARPE expander screw-in STL format. This combination allows a three-dimensional

Figure 2.

In this case, the posterior mini-implants could not be placed anterior to the transpalatal suture due to the reduced
sagittal size of the maxilla, and the variation in shape and size of the incisive foramen. The midpalatal suture

is observed in green, the transpalatal sutuve is observed in blue, the nasopalatine duct is visualized in red, and
mini-implants are presented in red.
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Figure 3.
Anterior mini-implants bordering a sinuous suture, without touching it.

Figure 4.
Superimposition of the CBCT file (DICOM) and the digital file reproducing the teeth and the soft tissue of the
upper dental arch (STL).

evaluation of the maxilla; therefore, the orthodontist can evaluate important aspects
for the digital positioning of the MARPE device, as it permits simulation of the
positioning in different regions.
The ideal region for the mini-implant insertion should contain sufficient bone
to perform the expansion, advocating a bicortical positioning [7], as observed in
Figure 5A. In cases of reduced bone thickness along the maxilla, it is currently
feasible to add two more mini-implants to the device [22], as depicted in Figure 5B.
After the initial evaluation of the region with the most appropriate bone thickness,
a complete anatomical evaluation is initiated, where the location of the midpalatal
suture, transpalatal suture, and incisive foramen are first considered.
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Figure 5.
(A) Bicortical insertion of mini-implants in a patient with good bone thickness. (B) Reduced bone thickness along
the entive maxilla, requiring the placement of two additional mini-implants.

These three anatomical components plus adequate bone thickness are the key
factors for positioning the EX expander screw and the four or six mini-implants.
However, it is critical to observe the distance of this complex from the lateral mucosa
to maintain soft tissue integrity during RME.

Anatomical variations are common and must be thoroughly observed when plan-
ning the MARPE digital placement such as deviated septum (Figure 6), maxillary
sinus extension (Figure 7), impacted teeth (Figure 8), maxillary torus (Figure 9),
palate depth, and maxillary reduced shape and size (Figure 7). For patients with
V-shaped palate in the anterior region the digital planning requires a posterior
displacement of the appliance for the mini-implant support rings to be well adapted,
bicortical, and have an adequate amount of excess mini-implant thread.

Digital placement with MARPE EX permits not only to individualize the height of
the mini-implant rings in each region (respecting the anatomy of each individual and
a safe distance from the mucosa) but also to measure and place different mini-implant
lengths, always preconizing a bicortical positioning [2, 14]. This positioning is
verified in each section of the tomography (Figure 10) and in the three-dimensional
reconstruction.

For more complex cases, such as bone volume variation, advanced age and
advanced skeletal maturation, guided corticoperforation is performed. This is done
following the anatomy of the midpalatal suture and the transpalatal suture. In some
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Figure 6.
Nasal septum deviation to the left side of the patient.

Figure7.
Alveolar extension of the maxillary sinus and severe transverse deficiency of the maxilla.

patients, the midpalatal suture is inclined and/or sinuous in the coronal direction.
We do not use the soft tissue (palatine raphe) as a reference to locate the midpalatal
suture, because sometimes they are not coincident (Figure 11).

For the simulation of the drilling, we used digital files with a cylindrical format
that reproduces the thickness of the widest portion of the drill used. These cylinders
are positioned in such a way that they reach bicortical positioning and maintain a
uniform distance between them when possible. Each perforation is analyzed in the
three-dimensional simulation and checked in each tomography section to ensure that
the perforations are bicortical and if there is no collision with important structures
such as the nasopalatine duct.
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Figure 8.
Impacted tooth in the region near the anterior mini-implant installation placement site.

Figure 9.
(A) Sagittal section demonstrating the presence of the palatal tovus. (B) Three-dimensional veconstruction of the
maxilla illustrating the palatine torus.

When installing drills, we always recommend an inclination that can be performed
in the mouth. In this way, we inclined the drills between 10° and 30° with respect to
the occlusal plane. The drills are performed precisely following the direction of the
suture, either rectilinear or sinuous (Figure 12).

It is advisable to maintain a safe distance between the corticoperforation and the
region of the MARPE mini-implants as when trying to weaken the suture, we should
not weaken the region surrounding the mini-implants, as the tension exerted in this
region is high [16] and close perforations can weaken this region, which requires a
large bone supply (Figure 12C). For this reason, MARPE Guide and Cortex Guide
planning should be performed together (Figure 13).

After this careful process, it is time to create the guides, which will reproduce
both the digital positioning in the prototyped model (MARPE Guide), providing
reproducibility to the appliance manufacturing, exactly as done virtually, and the
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Figure 10.

(Ag) Coronal section, illustrating the digital placement of MARPE, even in cases of severe atvesia and asymmetry.
(B) Sagittal section, showing the bicortical position of the mini-implants, vespecting a discrete distance from

the mucosa to avoid collision during expansion. (C) Placement of the mini-implants, respecting the midpalatal
suture, as well as the transpalatal sutuve and the incisive foramen.

Figure 11.
Palatal vaphe and midpalatal suture ave not coincident. If the corticoperfortaion is not performed in a guided
way. It can lead to an ervor duving the procedure.

corticoperforation guide (Cortex Guide), which reproduces the digital perforation of
each point created, with angulation and insertion limits.

2.2 Presentation of a complete planning
Below, we present a complete MARPE Guide and Cortex Guide planning, follow-

ing all the parameters discussed above (Figures 14-19).
Subsequently, the MARPE guide and cortex guide are made as detailed above.
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Figure 12.
(A) Perforations performed with bicortical positioning. (B) Note that the positioning respects the suture

inclination in both covonal and axial divections. (C) The perforations are performed preserving bone tissue
around the MARPE mini-implants.

Figure 13.
In the top image we see the simulations of the corticoperforations that would be ideal for this case. However, in

the bottom image we note that the perforation in yellow is very close to the posterior mini-implants, which could
compromise the technique.
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Figure 14.
(A) Virtual corticoperforation drills installed in the midpalatal suture and transpalatal suture. (B) Coronal
view (transpalatal suture). (C) Lateral view in sagittal section (midpalatal suture).

Figure 15.
Sagittal section of the tomography — left side. MARPE installed respecting the bicortical positioning and with the
distance of the mini-implant rings from the mucosa.

2.3 MARPE guide

For the virtual placement of MARPE, a concern about injuries caused to the soft
tissue due to the contact of the mini-implant rings is resolved with the digital place-
ment (with the MARPE EX and MARPE guide). It has an internal stop that accom-
modates each mini-implant support ring (Figure 20), and its height is established
according to the individual’s anatomy. It is important to keep the expander screw body
as horizontal as possible (Figure 21) in the coronal section of the tomography without
touching the lateral mucosa.
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Figure 16.
Sagittal section of the CT scan — left side.

Figure 17.
3D reconstruction of the CT scan illustrating a safe distance of the mini-implants from the transpalatal suture.
Note the bicortical positioning of the four mini-implants.

We should be aware of the occlusal plane and nasal floor inclination, which, when
altered, can cause asymmetry in the patient. Thus, a stop that holds the expander
screw body in position is necessary (Figure 21). This guide design is inserted into the
patient’s STL file, so they are printed at once, which reduces the chances of error by
overlapping the guide to the patient’s model, in addition to saving printed material.

2.4 Corticoperforation guide

The corticoperforation guide, requires a retentive design (that embraces the
posterior teeth), as it will be adapted in the mouth, as a positioner and vertical limiter
of each perforation (Figure 22) and must remain stable during the process.

154



Surgical Digitally Guided Planning for the Mini-Screw Assisted Rapid Palatal Expansion...
DOI: http://dx.doi.org/10.5772/intechopen.100226

Figure 18.
Occlusal view of the virtually installed MARPE, preserving the lateral tissue and soft palate.

Figure 19.
MARPE guide and cortex guide in the same image to check if there is any collision between the digital plans, such
as drilling too close to a mini-implant.

2.5 Laboratory phase - printing the MARPE guide and cortex guide

Finally, it is possible to fabricate MARPE with the reproducibility of each of the
precautions taken during the virtual placement. The MARPE EX is made on the guide
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Figure 20.
In green we see the MARPE guide, which accommodates the adjustable mini-implant rings of the MARPE EX,
to reproduce the positioning performed during the virtual placement.

Figure 21.

Digital horizontal support (gray) that ave vesponsible for keeping the MARPE appliance at the planned height
during the virtual placement, so that the expander screw does not touch the soft tissue and mainly, remains as
horizontal as possible, preventing it from causing any asymmetry in the patient.

template (Figure 23), where its mini-implant rings fit exactly inside each small guide,
which eliminates transfer errors. It also determines the height and inclination of the
expander screw, preventing asymmetries during expansion. Using laser welding, it is
possible to weld the MARPE EX to the bands without damaging the prototype model
or causing any swelling of the metal of the MARPE EX, owing to the heat of the
formerly used silver-based welds.

After this phase, the appliance is polished, and it is ready to reproduce with accu-
racy the digital planning in the oral cavity. Note that the guide is not used in the oral
cavity; it serves as a guide for fabricating the appliance. In the oral cavity the guide for
cementation is the bands on the first permanent molars.

To reproduce the corticoperforations in the oral cavity, after designing the guide,
it is critical to make an impression of the guide in biocompatible resin (Figure 24),
and this protocol must be followed even if the guide remains in the oral cavity for
some time.
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Figure 22.
3D planning of the corticoperforation guide, which reproduces the angulation of each perforation, following the

midpalatal suture and transpalatal suture. This guide will also be the limiter for the drill cutter, as soon as it
touches the guide, the clinician will know that it has reached the nasal floor cortical.

Figure 23.
MARPE device built over the printed MARPE guide template.

Figure 24.
Cortex guide printed in biocompatible vesin.
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3. Discussion

For a very short time, the MARPE technique was performed without CT scanning.
This type of treatment required three-dimensional (3D) planning since the maxilla
contains important structures that must be preserved, both for the patient’ safety and
success of the technique. The first safety protocols were based on bone and mucosa
thickness measurements in the region of first premolars, second premolars, first
molars, and second molars [6, 9]. Despite providing important information, these
protocols did not show the exact trajectory of MARPE mini-implants. Moreover,
the standardization of the patient’s head position and evaluation of the tomography
sections could not be faithfully reproduced in the oral cavity. This necessitated the
creation of digital positioning guides [10-13]. In cases of severe transverse deficiency
of the maxilla or asymmetry [23], devices such as the MARPE maxillary skeletal
expansion (MARPE MSE) or MARPE SL cannot be indicated because the expander
screw does not fit in the palate (Figure 25).

Thus, the present study proposes the development of a guide for planning the
MARPE technique using MARPE EX [5, 16], to evaluate the capacity of this guide
in performing an ideal positioning of the MARPE, prioritizing the adaptation of the
mini-implant rings, and respecting the individual anatomy of the patient’s palate. The
distance between the mini-implants is higher in MARPE EX than that of the other
models of MARPE, which, according to a previous study [16], was favorable for better
results. Another advantage is that MARPE EX accepts this guide model, where we can
place the mini-implant rings away from the palate at customized heights according
to the patient’s anatomy. This distance from the palate in its closest region is approxi-
mately 0.2 mm, both towards the palate (vertical) and towards the lateral mucosa
(horizontal) [5]. Therefore, no ring juxtaposed should be left juxtaposed to the tissues.

The EX model was also chosen because it demonstrated less tension in the teeth
and mini-implants during RME [16], and it presented more tension, with wide distri-
bution, in the lateral lamina of the pterygoid process [16]. According to Brunetto et al.
[18], the lateral lamina of the pterygoid process offers the greatest resistance during

Figure 25.
Model of MARPE without adjustable mini-implant rings. This figure shows that without adjustable
mini-implant vings the MARPE does not fit patients with severe transverse disability.
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RME. Recent clinical studies have shown that bicortical directly influence treatment
with MARPE [8, 24], particularly in patients with advanced maturation stage sutures
as the bicortical positioning of mini-implants permits the separation of even the most
posterior sutures, such as the lateral lamina from the medial lamina of the pterygoid
process [8]. Thus, this demonstrates the importance of a guide that correctly repro-
duces this bicorticality in the patient, such as the MARPE Guide. It is also important
to recognize the importance of the bands, which, in addition to distributing stress, are
responsible for transferring the guide model to the oral cavity.

The three initial parameters for placing an MARPE must be discussed. First, it
should not touch the midpalatal and transpalatal sutures; second, it should be distant
from the incisive foramen; and third, preferably anterior to the transpalatal suture,
avoiding collision/perforation of the mini-implants with sutures. We should not touch
the incisive foramen to avoid contact with the nerve of the incisive canal, which can
result in anterior maxillary paresthesia.

The location of the transpalatal suture does not always coincide with the soft
palate; however, if it does, we avoid placing it posteriorly to the transpalatal suture, so
that the mini-implants are not inserted in a region of free mucosa, with more chances
of inflammation, great difficulty in cleaning, and loss of the mini-implants. However,
in some cases of the reduced anteroposterior distance of the maxilla, this becomes
unavoidable. The patient’s anatomical variation should be considered as it influences
the results, such as mini-implants placed in the nasal septum in a patient with palate
asymmetry [25] and resulting in a unilateral opening [25]. This highlights the impor-
tance of using 3D planning, where insertion in the septum can be easily avoided and
bilateral opening can be achieved, eliminating side effects.

While dealing with anatomical variations, it is common to find patients with
variations in maxillary sinus extension (Figure 7). If the mini-implants are inserted
into the sinus cavity, in addition to creating an oral-sinus communication that can
generate pain, inflammation, and discomfort, this is a region without trabecular
bone, that is, a region that lacks bone volume. Therefore, mini-implants cannot
withstand the tension exerted during maxillary expansion [16].

Corticoperforation can be indicated when a torus palatine (Figure 9) is detected
as it has the potential to decrease the chances of success. Guided corticoperforation,
besides allowing perforation of the transpalatal suture, provides accuracy due to the
angulation of the guide, which was determined in the virtual simulation, leaving
the patient free of perforations outside the suture. Corticoperforations oriented by
the palatine raphe may cause asymmetric fractures or even case failure because if
performed too close to the mini-implant placement site, they reduce the bone volume
required for the tension exerted in the mini-implant region [16]. Another risk of not
virtually simulating the corticoperforations and creating a stop guide is to over drill
the nasal cavity floor, causing pain to the patient and a bucco-nasal communication,
which may lead to sinusitis; in case of inflammation, possibly worsening to bone
necrosis or osteomyelitis.

4, Conclusions

The two-dimensional plans do not predict the mini-implant trajectory, and the
choice of the mini-implant can be highly subjective and susceptible to errors. The use
of the MARPE Guide has already presented interesting results in the literature. By
combining the benefits of the MARPE Guide with the MARPE EX and the use of the
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Cortex Guide, virtual placement may be performed in a patient with palate asym-
metry, bone volume variation, and advanced stage of midpalatal suture classification.
This results in tension in the lateral lamina considering the patient’s anatomy. Clinical
studies are needed to evaluate the results of this new technique in a considerable
number of patients.
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Chapter 9

Understanding Orthodontic
Bone Screws

Agharsh Chandrasekaran, H.P. Naga Deepti
and Harshavardhan Kidiyoor

“Progress is impossible without change, and those who cannot change their minds
cannot change anything”
—George Bernard Shaw

Abstract

The field of orthodontia has been witnessing numerous reforms in terms of
treatment modalities through the years, under which the concept of absolute anchor-
age employing mini-implants can be well subsumed. The usage of orthodontic bone
screws has witnessed growing popularity and has been deemed to revitalize the
management of complex malocclusions. Orthodontic bone screws are larger in diam-
eter (2 mm) in comparison with the average mini-implant and are placed in areas of
high bone mineral density like the infrazygomatic crest in the maxilla and the buccal
shelf area in the mandible. Owing to a difference in size, they are placed away from
the roots and hence, the term extra-radicular implants seem a befitting one. With an
expansion of the envelope of discrepancy to skeletal anchorage, the employment of
these bone screws in practice will have to be appraised further in terms of biological
limits. Orthodontic bone screws have been successfully utilized as an absolute anchor-
age system in well-chosen cases, pushing the realm of treatment possibilities further
ahead in the sands of time. This chapter aims to provide you with a narrative insight
into the salient features of orthodontic bone screws starting right from its inception to
its contemporary usage in practice.

Keywords: anchorage, orthodontic bone screws, extra-alveolar implants,
infrazygomatic crest, buccal shelf

1. Introduction

A universally accepted scientific perspective, the best current explanation of a
natural phenomenon, has been termed a paradigm. A paradigm can be thought of
as the foundation upon which a scientific structure is erected, similar to laying brick
upon brick of new findings and insights. As each newer paradigm replaces an older
one, today’s “truths” become tomorrow’s myths. In orthodontics, at present, we
are on the threshold of a paradigm shift that changes the fundamental conceptual
underpinnings of orthodontics, and with it, the traditional emphasis on diagnosis and
treatment planning.
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The goal of any orthodontic treatment is to achieve desired tooth movement with
the minimum number of undesirable side effects [1]. Strategies for anchorage control
have been a major factor in achieving successful orthodontic treatment since the
specialty began. With conventional orthodontics, it is almost impossible to achieve
absolute intraoral anchorage. Recently, the use of skeletal anchorage has grown in
popularity, especially in challenging situations [2].

The field of orthodontics has had a lot of landmarks in its evolution, but very few
can match the clinical impact made by micro-implants and the recently introduced
extra-radicular bone screws. Temporary anchorage devices have revolutionized the
orthodontic field with their concept of absolute anchorage and have proved to be an
adjunct in the hands of a clinician to gain control in handling complex malocclusions
and clinical challenges.

It aids in the conversion of borderline surgical cases to cases that can be handled
with bone screws in an equally effective way. The purpose of this review chapter is to
offer to the reader, an insight into the depths of orthodontic bone screws from cradle
to what has been explored till date, while touching upon integral aspects that might
prove to be of use in both an academic and a clinical sense [3].

2. History

Creekmore and Eklund (1983) used a small-sized vitallium bone screw to depress the
entire anterior maxillary dentition. The screw was inserted just below the anterior nasal
spine. Ten days after placement, a light elastic thread was tied from the head of the screw
to the archwire. The maxillary central incisors were intruded by about 6 mm. The bone
screw did not move during treatment and was not mobile at the time of removal [4].

Shapiro and Kokich (1988) described the possibility of using dental implants for
anchorage during orthodontic treatment. Melsen and co-workers (1998) introduced
the use of zygomatic ligatures as anchorage in partially edentulous patients. Under
local anesthesia, two holes were made in the superior portion of infrazygomatic crest.
A double-twisted 0.012” stainless steel wire was ligated between the two holes and
inserted into the oral cavity. After surgery, nickel-titanium coil springs were attached
from the zygomatic ligatures to the anterior fixed appliance for intrusion and retrac-
tion of maxillary incisors [5].

3. Structure of an orthodontic bone screw

Mindful of the fact that orthodontic bone screws have insertion points in areas
with greater quantities of cortical bone, the regular mini-implant has been revamped
with the following design features to form a bone screw (Figure 1) [2, 3]:

* Alength of 10-14 mm that facilitates insertion in areas of high bone density with
adequate primary stability. Also, the increased length is owed to its placement
steered away from the roots at extra-alveolar sites.

* A diameter of 1.5-2 mm that ensures greater fracture resistance. The resistance

to torsional fracture is directly proportional to greater diameter and length and
hence, these are crucial design features that have been worked upon.
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i
! ! Mushroom head

I
n Retention of elastic chain and comfort

(o] Double neck design

Additional attachments and ease of hygiene

Diameter: 2mm

4-way rectangular hole
Offers a lever arm for impacted canines

Length:10-14 mm

Sharp cutting edge

Easy penetration into cortical bone with no
pre-drilling

Figure 1.
Diagrammatic representation of orthodontic bone screw.

* Commonly, a mushroom-shaped head is incorporated to allow greater comfort
and better ease in the attachment of elastic chains.

* A four-way rectangular hole that offers a lever arm for disimpacting canines.

* A double neck feature that permits better maintenance of oral hygiene and
additional attachments.

* A sharp cutting edge that allows for an insertion free of pre-drilling.

4. Material aspects of orthodontic bone screws

Bone screws inserted in extra-alveolar areas are made up of either stainless steel
or titanium alloys (Ti-6 AI-4 V). There has been a serious bone of contention over the
material of choice. Pure surgical stainless steel has gained more popularity in being
the preferred material of choice.

4.1 Why stainless steel?

The reason for stainless steel being the popular material of choice is attributed to
the high placement torque that occurs when these screws are placed in areas of high
bone density. This demands the requisite of a high fracture resistance, and stainless
steel seems to be a befitting choice due to its high modulus of elasticity in comparison
with titanium alloy. However, both materials seem to be acceptable materials with a
comparable success rate [6].

A popular titanium alternative is the Peclab screw kit that was developed by
Almeida [7] that has shown promising results and is inclusive in terms of the arma-
mentarium that is required.
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5. Quantity and quality of bone at extra-alveolar sites

The extra-alveolar sites of insertion correspond to D1 site as described by Misch
[8], which comprises dense cortical bone of greater than 1250 HU.

According to Park [9], the cortical bone thickness and bone depth are as follows:

Infrazygomatic crest region:

¢ Cortical bone thickness: 2.2-3.6

* Bone depth: 3.0-6.2

Buccal shelf region:
¢ Cortical bone thickness: 2.0-4.0

* Bone depth: 12.7-13.9
5.1 Variability of bone thickness at different vertical facial heights

The bone thickness also seemed to vary with different divergence patterns.
Infrazygomatic crest region did not show any change with regard to the patient’s
vertical height. But the bone thickness at the buccal shelf region was found to be
higher in short-faced individuals as compared to long-faced individuals [10]. Also, in
comparison with the hyperdivergent counterparts, the buccal shelf has greater bone
width and lesser bone height in hypodivergent individuals [11].

5.21Is an initial perforation required in self-drilling screws?

In certain cases, an initial perforation with a clinical probe/spear tip is recom-
mended even with a self-drilling bone screw to minimize the risk of fracture of the
screw during placement, since it involves a considerable placement torque [9].

6. Envelope of discrepancy

The envelope of discrepancy is an expression of anteroposterior, vertical, and
transverse in terms of the millimetric range of treatment possibilities. It gives us an
estimate of tooth movement that can be deemed possible by purely orthodontics
alone, orthodontic with dentofacial orthopedics, orthodontics with the employment
of skeletal anchorage, and orthodontics with orthognathic surgery. Different colored
zones connote the range of possibilities (Figures 2-4). The direction of movement in
the diagrammatic illustration has been depicted by arrows. The different colors zones
are as follows: 1) The pink zone denotes the envelope for orthodontics alone, 2) the
yellow zone connotes orthodontics plus orthopedics, 3) the green zone shows skeletal
anchorage, and 4) the blue zone any combination of the above with orthognathic
surgery. The green zone has been depicted by a “fuzzy” area, as an indication of the
paucity of reliable data available at this point to make any claims. The same drawback
is why a figure depicting the mandibular transverse envelope does not exist at this
juncture [12]. To sum up, the biological limits of the skeletal anchorage system in
the management of severe malocclusions albeit proven useful in several case reports
needs further research to arrive at a more definitive conclusion in the envelope.
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Figure 2.
Revised envelope of discrepency.

Figure 3.
Revised envelope of discrepency.

Figure 4.
Revised envelope of discrepency.
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7. Indications of orthodontic bone screws

The indications of orthodontic bone screws [13]:
1.Borderline cases,
2. Camouflage treatment,
3. Molar uprighting by crown distalizing or by root mesializing,
4. Anterior open bite treatment with molar intrusion (with or without extractions),
5.Severe transverse discrepancies: severe scissors bite and severe crossbite,
6. Leveling of transverse tipping of occlusal plane,
7.Extraction cases,

8. Distalizing or anchorage after distal movement with other kinds of appliances,
such as the pendulum, and

9.Forced eruption of impacted teeth.

8. Contraindications of orthodontic bone screws

8.1 Absolute contraindications

1. Systemic diseases such as diabetes, osteoporosis, osteomyelitis, blood dyscrasias,
metabolism disorders,

2. Patient undergoing the radiotherapy in arches,

3. Psychological disorders,

4. Presence of pathological formations in the zone, such as tumors or cysts,

5.Thin cortical bone and insufficient retention,

6. Deficient quality of the bone,

7.Soft tissue lesions, such as lichen planus, leukoplakia,

8. The patient who does not accept bone screw treatment.
8.2 Relative contraindications

1. Tobacco, alcohol, and drugs abuse,

2. Presence of active oral infections,

3. Uncontrolled periodontal disease, and

4. Absence of ability to maintain proper oral hygiene.
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9. Concepts of placement of bone screws at different sites
9.1 Infrazygomatic crest (IZC) screws
9.1.1 Anatomy of the infrazygomatic crest (IZC)

The infrazygomatic crest is a crest of bone emanating from the buccal plate of
the alveolar process, lateral to the roots of the first and second maxillary molars. It
extends superiorly up to 2 cm to the zygomaticomaxillary suture and inferiorly into
the areas of first and second maxillary permanent molars. The sites of placement at
first or second molar have been much discussed and have been proposed by authors
Liou and Lin respectively. Comparisons of both sites have been summarized in
Table1 [14].

Though both sites have been deemed fit, the IZC 7 site gains an upper hand in
terms of having a greater bone thickness over the buccal surface of the second molar.
Nevertheless, a CBCT evaluation of the area before placement is an important aspect
of treatment planning with these screws.

9.1.2 Insertion technique and angulations

Liou [15] suggested orienting screws about 55-70° inferior to the horizontal plane
to achieve maximal buccal bone engagement. During placement, the point of initial
insertion is between the first and second molar, 2 mm above the mucogingival junc-
tion. The screw is directed first at the right angle to the occlusal plane and after a
couple of turns when the initial notch has been made in the bone, the direction of the
driver is altered by 55°~70° toward the tooth. This downward change aids in bypass-
ing the roots of the teeth and helps direct the screw to the infra-zygomatic area of the
maxilla (Figure 5). The bone screw is screwed until only the screw head is visible.
The need for pre-drilling, flap raising, or a mucosal vertical slit has been deemed
unnecessary.

9.1.3 Magnitude of the employed force

The recommended loading for orthodontic mechanics using miniscrews in the
region of the IZC ranges from 220 to 340 g (8-12 oz). The force load can be employed
by means of an elastomeric chain or closed coil springs [9].

LIOU-IZC 6 LIN-1ZC7
PLACEMENT: Anterior to the anatomic ridge and PLACEMENT: Distal to the anatomic ridge and buccal
buccal to the mesiobuccal root of the maxillary first to the mesiobuccal root of the maxillary second
permanent molar. permanent molar.
Small oral cavities are more convenient to place Large oral cavities and lip reflection are needed for
screws at this site. adequate access.
Less predictable as compared to seven sites due More predictable and greater retraction due to greater
to lesser bone thickness over mesiobuccal and amount of bone thickness over mesiobuccal and
distobuccal roots of 6. distobuccal roots of 7.

Table 1.

LIOU-LIN concept of 1ZC site: A comparison.
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Final angulation

Figure 5.
Insertion of infrazygomatic crest screw.

9.1.4 Anatomical considerations

An important consideration that one cannot overlook during the placement of
infrazygomatic crest screws is the soft tissue irritation and this is a frequent occur-
rence if there is contact or close intimacy between the inferior platform of the screw
head and the mucosa.

As a general guideline, 1.5-mm clearance is considered a necessity between the
mucosa and the inferior aspect of the screw platform. This is important irrespective
of whether the screw is placed in a region of attached gingiva or movable mucosa
though the selection of the size of the screw would vary accordingly.

It is vital to assess the anatomy of the IZC site to select an appropriate screw
length. The average thickness of the attached gingiva in the maxillary first molar is
about 1.0 mm, and the cortical bone thickness is about 1.1-1.3 mm The screw threads
must engage cortical bone to insure primary stability. Generalizing the widths, for
soft tissue clearance, attached gingiva and cortical bone at 1.5 mm each, reveals that
8-12-mm IZC screws penetrate the medullary bone or sinus from 3.5 to 7.5 mm. Under
most clinical conditions, an 8-mm screw is adequate to engage the cortical plate and
secure primary stability [14].

9.1.5 Sinus considerations

Cases with the maxillary sinus extending low between the teeth are not ideal can-
didates for infrazygomatic crest screws. The thickness of the sinus floor is preferred
to be over 6 mm to ensure safe insertion. Small uncomplicated penetrations into the
sinus heal spontaneously [16]. The penetration into the maxillary sinus with IZC
screws was found to be rather high and double cortical engagement with sinus pen-
etration within 1 mm was recommended for adequate primary stability. Penetrations
above 3 mm led to thickening of the Scheniderian membrane and sinusitis eventually
leading to failure [17].
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9.1.6 Guided infrazygomatic crest screws

To ensure greater precision, a number of guides [14] have been made available for
easy installation of IZC screws. They are as follows:

* Chen double film radiographic method

* Pin Head soft tissue penetration method

* Double film method with a transparent adhesive patch like comfort brace strips.
9.2 Buccal shelf screws
9.2.1 Anatomy of the buccal shelf

Mandibular buccal shelf area is located in the posterior part of the mandibular
body, buccal to the roots of the mandibular, and anterior to the oblique line of the
mandibular ramus. The area buccal to the distal root of the mandibular second molar,
between 4 and 8 mm from the cementoenamel junction, has been claimed to be the
best anatomical location for fixation. However, the region shows significant anatomic
variations and also possibly ethnic variations wherein some patients present with a
well-defined bony plateau and some with a straight bony profile. This could be better
evaluated with a CBCT and clinical examination [9].

9.2.2 Insertion technique and angulations

While placing bone screws in the mandibular buccal shelf, the point of initial
insertion is between the first and the second molar, 2 mm below the mucogingival
junction. The screw is first directed at the right angle to the occlusal plane at this point
and then, the driving direction is altered by 60°-75° toward the tooth. This upward
change in direction helps to bypass the teeth roots and directs the screw to the buccal
shelf area of the mandible. Pre-drilling or vertical slit in the mucosa may be neces-
sary if the bone density is too thick. However, raising a flap is never required during
placement.

9.2.3 Magnitude of the employed force

The recommended loading for orthodontic mechanics using miniscrews in the
region of the buccal shelf area ranges from 340 to 450-g. The force load can be
employed by means of an elastomeric chain or closed coil springs [9].

9.2.4 Inflection point and limits of mandibular molar distalization

The intersection of the line of occlusion and the internal oblique ridgeline is the
inflection point (Figure 6). The second molar cannot move on the internal oblique
line, and the amount of possible movement depends on the distance of the original
position of the second molar to the inflection point. This varies from patient to patient.
A comprehensive evaluation of the buccal shelf area and the alveolar housing with the
help of a cone-beam computed tomogram seems pivotal to treatment planning [18].
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Inflection point

Internal oblique line

Figure 6.
Limits of mandibular molar distalisation.

N External oblique ridge

Figure 7.
Ramus Screw insertion.

9.3 Ramus screws

Ramus screws were developed to overcome the difficulties that buccal shelf screws
posed during the dis-impaction of horizontally impacted lower molars. From the
standpoint of biomechanics, these screws are installed in the anterior ramus of the
mandible to offer a traction force that is more superior and posterior in direction.
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This coupled with simple yet efficient mechanics to upright the lower molars in
tandem with ramus screws has offered a brilliant treatment option in such cases.

9.3.1 Anatomical location point

The insertion site for a ramus screw (red arrows) is between external and internal
oblique ridges, about 5-8 mm superior to the occlusal plane (Figure 7).

A relatively long (14 mm) ramus screw is selected because of the need to penetrate
thick non keratinized mucosa, with an underlying layer of masticatory muscle. For
hygiene access, the ramus screws were screwed in until the head of the TAD was
~5 mm above the level of the soft tissue. The average bone engagement for a ramus
screw is ~3 mm [19].

10. Biomechanics of orthodontic bone screws
10.1 Generations of biomechanical principles
According to Robert et al. [20]

* First-generation biomechanics: 2D/two-dimensional mechanics based on the
third law of Newton and correspond to classical segmented mechanics.

* Second-generation biomechanics/Stress sensor theory: 3D mechanics based on
finite elements that determine the exact amount of stress in the periodontium
with determinate mechanics. With the aid of determinate mechanics, extra-
alveolar bone screws are employed in complex malocclusions in a multivector
fashion, which simplifies and eliminates the need of numerous accessory devices
that were used in segmented mechanics.

10.2 Employed force magnitude

The force magnitude employed is important in terms of anchorage stability. A
force magnitude ranging from 220 to 340 g (8 to 12 oz) for mechanics with mini-
implants in the IZC area, and from 340 to 450 g on the ones with mini-implants in the
BS area, has been recommended. This is vital to achieve the en masse distalization that
bone screws offer popularly in clinical settings. In cases that require partial retraction,
force magnitude may be adjusted between 150 and 200 g.

10.3 Biomechanics of buccal shelf screws

Buccal shelf screws are employed for en masse retraction of the entire mandibular
dentition since the screws are placed at extra-alveolar sites.

Three critical factors exist for this system to be deemed statically determinate
when two screws are inserted into the buccal shelf areas for retraction:

1. Use of rectangular arch (full-size) with torque control during retraction,
2. Relative constant force stemming from superelastic NiTi springs,

3.Force applied directly to the arch.
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Biomechanical effects of retraction with anchored buccal shelf screws:

¢ Molar intrusion and incisor extrusion with a counter-clockwise rotation of the
mandibular occlusal plane.

¢ The axis of rotation was found close to the mandibular canine area.

¢ The counterclockwise rotation occurs since the line of force is occlusal to the
center of resistance and thus causing molar intrusion and incisor extrusion.
These movements offer favorable Class III correction presenting with
open bite.

10.4 Biomechanics of infrazygomatic crest screws

When two screws are installed in the IZC area for retraction, similar effects were
found as in the buccal shelf region. With the retraction force from the coil spring to
the screw, retraction occurs along with vertical side effects, that is, molar intrusion
and incisor extrusion leading to rotation of the occlusal plane. The axis of rotation in
the maxillary arch lies between the premolars and this change is beneficial in Class II
cases with the open bite or where bite deepening is required.

10.5 How can the force system be varied to suit the needs of a particular case?

In order to overcome the side effects that are not suited for correction in
all cases, the force system can be modified to obtain different kinds of dental
movements:

* Height of hooks in the anterior area.

* Height modification in extra-alveolar mini-implants insertion (this often is not a
viable option since insertion depends on numerous other factors).

10.6 Height of hooks/power arm

Depending on the force vector and direction required in each case, the height of
the hook will help decide the type of tooth movement required along with torque and
vertical control.

Short hook: Anterior teeth have a tendency to rotate clockwise when retraction/
distalization force is applied by means of a force that passes below the Center of
resistance, which leads to torque loss and a vertical extrusion force on the incisors.

Medium hook: The force action line is passing over the anterior teeth’s center of
resistance, due to the middle positioning. When distalization force is applied to the
entire maxilla, with force parallel to the occlusal plane, anterior teeth are likely to
keep their initial inclination, minimizing vertical forces.

Long hook: The height of the hook is positioned mesial to the canine allows the
force action line to pass above the incisors’ center of resistance. The positioning
simply produces a counterclockwise anterior moment during retraction and simulta-
neous extrusion of the incisors. In the clinical scenario, it might be pointed out that
this may offer a possibility of injuring the oral mucosa of the patient.
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Orthodontic bone Sagittal Vertical Transverse
screw
a. IZC screw 1. En masse distalization in 1. Vertical maxillary Expansion of
Class II malocclsuions excess correction by maxillary arch
posterior rotation
2. Re-treatment cases .
and mandibular
3. Segmental retraction autorotation.
of canines 2. Maxillary molar
4. Simultaneous retaction and intrusion in anterior
intrusion open bite cases.

5. Mesialization of molars

6. Severe bimaxillary protru-
sion cases

7. Decompensation for Class III
orthognathic cases

b. Buccal 1. Class III camoflauge cases by Molar intrusion in cases Expansion of
shelf screw enmasse distalization requiring mandibular mandibular
rotation arch

2. Retraction during extraction
space closure

3. Severe bimaxillary protrusion
4. Mesialization of molars

5. Decompensation for Class II
orthognathic cases

Table 2.
Clinical applications of extra-alveolar bone screws [2, 3, 4, 9].

10.7 Simultaneous retraction and intrusion

In cases with vertical maxillary excess, in order to facilitate gingival smile correc-
tion while also balancing the clockwise rotation effect of the maxillary occlusal plane,
it was suggested that two mini-implants were to be installed between central and
lateral incisors apart from the IZC screws. This would help counter-effect the anterior
extrusion, resulting in the intrusion of the entire maxillary dentition and favoring
gingival smile correction (Table 2).

11. Conclusion

To encapsulate, orthodontic bone screws have recast the approach to complex
malocclusions in a significant way. These have been designed without losing sight of
the fact that they are installed in extra-alveolar sites away from the roots and in areas
of high amounts of cortical bone to affect tooth movement. While they gain an upper
hand in terms of safety to roots and effective tooth movements, it is pivotal that the
clinician must focus on the appropriate case selection for the same. One cannot deny
their role of marching into the orthodontic field and that too with a roaring success.
Considering that there is still a great deal of research that needs to be done about
them, they are interesting areas of study to further the understanding and applica-
tions of these screws in orthodontic practice.
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Chapter 10

Effectiveness and Stability of
Treatment with Orthodontics Clear
Aligners: What Evidence?

Soukaina Sahim and Farid El Quars

Abstract

Clear aligners, as a transparent and removable appliance, offer an alternative to
conventional fixed appliance to patients with high demands for esthetics and comfort.
Only a few investigations have focused on the efficacy of clear aligner therapy in
controlling orthodontic tooth movement. Furthermore, the stability after treatment
has not been thoroughly investigated. The purpose of this chapter was to update the
knowledge of the available evidence about effectiveness and stability of clear aligners
in non-growing subjects. Searches was made in different databases from January 2015
to January 2021. Relevant articles that met the inclusion criteria were selected. The
level of evidence of the studies was moderate. The vertical movements of tooth were
difficult to accomplish. Mesiodistal tipping showed the most predictability (82.5%)
followed by vestibulolingual tipping. Molar distalization was also recorded as the
highest accuracy. Derotation was difficult to accomplish with aligners especially of
rounded teeth. The effectiveness of aligners in achieving the simulated transverse
goals was 45%. The stability of clear aligner therapy was assessed by only two studies.
Refinements are likely needed in almost all cases and to ensure treatment stability a
retention period using a specific protocol is necessary.

Keywords: clear aligners, effectiveness, efficacy, stability, outcomes

1. Introduction

Orthodontic developments, especially during the last years, have been accom-
panied by a significant increase in the esthetic demands of the patients [1]. With
the significant recent improvements in computer-aided design/computer-aid-ed
manufacturing (CAD/CAM) and dental materials, there has been an increase in the
demand for plastic systems [2]. Clear aligners provide an esthetic and comfortable
treatment experience, facilitate oral hygiene, cause less pain as compared to fixed
orthodontic appliances, and reduce the number and duration of appointments [3-5].
The aligner therapy also involves a lower incidence of demineralization, enamel
abrasion, periodontal lesions, and mucosal irritations [6].
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The concept of clear aligners was introduced by Kesling in 1946 with a tooth
positioner fabricated by thermoplastic material molding technology and designed
for minor tooth movements during the finishing stages of orthodontic treatment.

In 1993, Sheridan and colleagues developed a technique of giving new clear retain-
ers to the patient at each visit, incorporating interproximal reduction to provide the
necessary space for tooth movement [3, 7]. With further advancement in orthodontic
technology, Align Technology introduce the clear aligner treatment (CAT) rendering
Kesling’s concept a feasible orthodontic treatment option [8]. A series of remov-

able polyurethane aligners were introduced as an esthetic alternative to fixed labial
appliances. Scanned images are converted to physical models by using different
stereolithography (STL) techniques to fabricate a series of aligners that sequentially
reposition the teeth. Each aligner is programmed to move a tooth or a small group of
teeth 0.25-0.33 mm every 14 days [9, 10]. Align Technology provides orthodontists
with ClinCheck (Align Technology Inc., Santa Clara, Calif) models, which reflect the
treatment outcomes. The aligners incrementally shift the teeth into place based on the
outcome the orthodontist expects to achieve [11].

The primary focus of the clear aligner system was initially to solve cases of low
and moderate crowding and to close small spaces [1]. However, it has continually
evolved through the development of new aligner materials, attachments on teeth,
as well as new auxiliaries, such as “Precision Cuts” and “Power Ridges” to address
a wider range of malocclusions and to enable additional treatment biomechanics
[2,5,12].

Despite the available body of literature pertaining to aligner technology, only a
few investigations have focused on the efficacy of clear aligner therapy in controlling
orthodontic tooth movement. Furthermore, the stability after treatment has not been
thoroughly investigated.

The purpose of this chapter was to update the knowledge of the available evi-
dence about effectiveness and stability of clear aligners and to answer the following
clinical research question: “Are clear aligners effective in controlling the orthodontic
movement in non-growing subjects and what about stability of this treatment
modality?”

2. Materials and methods
2.1 Search strategy

A systematic search in the medical literature produced between January 2015 and
January 2021 was performed to identify all peer-reviewed articles potentially relevant
to the review’s question.

The following databases have been used: CENTRAL, MEDLINE, MEDLINE in
Process, Embase and Cochrane Library databases.

The search strategy comprised use of the following terms: (invisalign OR clear
aligners OR aligners OR transparent aligners) AND (effectiveness OR efficacy) AND
(dental changes OR treatment outcome) AND (stability).

Additionally, a manual search was conducted in orthodontic journals of inter-
est, such as The Angle Orthodontist, the American Journal of Orthodontics and the
European Journal of Orthodontics. Title and abstract screening was performed to
select articles for full text retrieval.
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2.2 Eligibility criteria
The following inclusion and exclusion criteria were used:
2.2.1 Inclusion criteria

Study design: meta-analysis, systematic reviews, randomized and non-random-
ized clinical trials, prospective and retrospective studies were included.

Participants: non growing patients.

Intervention: articles that studied dental movement of cases treated with clear
aligners.

Results: the efficacy of clear aligners in performing dental movements and the
stability of treatment, superimposing virtual models or radiographs.

2.2.2 Exclusion criteria

We excluded for our study articles older than 6 years, samples with growing
patients, articles written in a language other than English, in-vitro studies, author
opinions, letters to the editor, isolated cases, series of cases, surgical cases, or reports
of patients with syndromes.

2.3 Level of evidence
The grading system described by the Swedish Council on Technology Assessment

in Health Care (SBU) [13] was used to assess the methodological quality and the level
of evidence of the articles (Tables 1 and 2).

Grade A—high value of evidence

All criteria should be met:

Randomized clinical study or a prospective study with a well-defined control group

Defined diagnosis and endpoints

Diagnostic reliability tests and reproducibility tests described

Blinded outcome assessment

Grade B—moderate value of evidence

All criteria should be met:

Cohort study or retrospective case series with defined control or reference group

Defined diagnosis and endpoints

Diagnostic reliability tests and reproducibility tests described

Grade C—low value of evidence

One or more of the conditions below:

Large attrition

Unclear diagnosis and endpoints

Poorly defined patient material

Table 1.
Swedish Council on Technology Assessment in Health Care (SBU) criteria for grading assessed studies.
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Level Evidence Definition
1 Strong At least two studies assessed with level “A”
2 Moderate One study with level “A” and at least two studies with level “B”
3 Limited At least two studies with level “B”
4 Inconclusive Fewer than two studies with level “B”
Table 2.

Definitions of evidence level.

3. Results
3.1 Study selection

The selection of articles included in this review is shown in the PRISMA flow
chart (Figure 1). Study selection procedure was comprised of title-reading, abstract-
reading, and full-text-reading stages. After exclusion of not eligible studies, the full
report of publications considered eligible for inclusion by the authors was assessed.
Eleven studies were included in the qualitative synthesis.

3.2 Study characteristics

Of the eleven included articles, there were five retrospective studies [6, 14-17],
two prospective studies [7, 11], two randomized controlled trials (RCT) [18, 19], two
systematic reviews [2, 20] and one meta-analysis [20]. Most of the included stud-
ies evaluated mild to moderate malocclusions except for one [17] that involved first
premolar extraction cases. The majority of studies used the Invisalign® system except
two studies that used Nuvola® system [15] and F22 aligners [14].

Data collected from each of the included articles are described in Tables 3 and 4.
Nine of the covered studies assessed predictability of tooth movements comparing

g ecords identified through database Additional records identified through other
Records identified th databas dditional records identified through oth
'§ searching sources
; n=213 n=0
z
2 - -
L Records after duplicates removed
" n=189
g \ Records excluded because
Records screened not relevant to the subject
% n=189 n=161
z
B Full text assessed for eligibility )
B n=28 Full text excluded, with
reasons
p—— f n=17
3 * | Reasons: case report, no
= Studies included in the qualitative synthesis controlled trial, no control
'g n=11 group,review
Figure 1.

Flow chart according to the PRISMA statement.
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Study Study design Participants Intervention Results
Zheng et al. Systematic * 4 studies Scientific evidence * Only one study compared
2017 [20] review and included in the stability of treatment
meta-analysis qualitative outcome with clear
synthesis aligners to conventional
« 2 studies brackets.
included in * Patients treated with
quantitative Invisalign relapsed
synthesis more than those treated
(meta-analysis) with conventional fixed
appliances
Graf etal. Double- 33pts * PAR Index * Treatment effects were
2021 [19] center trial measured at stable throughout a
baseline (TO0), short-term retention
after finishing period using a specific
orthodontic retention protocol.
trea}tmfant with * Effectiveness and stabil-
Invisalign® (T1) ity were equally achieved
and af.ter a m?an in mild, moderate, and
retention period rather severe cases.
of 10 months
(T2).
pts, patients.
Table 4.

Studies assessing treatment stability of clear aligners.

Study (first author, year)

Evidence level

Buschang, 2015 [11]

Lombardo, 2017 [14]

Tepedino, 2018 [15]

Charalampakis, 2018 [16]

Dai, 2019 [17]

Zhou, 2020 [7]

Al-Nadawi, 2020 [18]

Riede, 2021 [6]

Graf, 2021 [19]

@ Ol OO0 |E|= O

Table 5.

Evidence grade according to Swedish Council on Technology Assessment in Health Care.

post-treatment patient models to the predicted digital planned tooth movement
models [2, 6, 7, 11, 14-18]. Two studies assessed the stability of the clear aligner

therapy [19, 20].

3.3 Level of evidence of studies

According to the SBU tool (Tables1 and 2), among the selected studies, the
methodological quality was low for four studies [6, 11, 16, 17], moderate for four
others [7, 14, 15, 19] and high for one study [18] (Table 5). Thus, conclusions with a
moderate level of evidence could be drawn from the review process.
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4. Discussion

In this review, we aimed to provide data on the effectiveness and stability of
treatment with clear aligners. The level of evidence was moderate as we identified one
study with level «A» and four studies with level «B».

The effectiveness of clear aligners was judged by the predictability of tooth move-
ment which varies with the type of tooth and the type of movement. Lopez et al. [2]
found that the expression of the programmed movement was not fully accomplished
with Invisalign®.

Concerning vertical movements, the study by Lopez et al. [2] revealed that verti-
cal movements are difficult to accomplish with aligners. Extrusion of a single tooth is
moderately difficult using clear aligners when compared to fixed-appliance systems,
however, some auxiliaries such as buttons, elastics and optimized extrusion attach-
ments can be used to facilitate this movement [5, 21].

Many studies showed that intrusion was the most unpredictable movement especially
for the maxillary central and lateral incisors [16, 21]. Invisalign has a bite-block effect,
because 2 aligners of 0.38-mm width are interposed between posterior teeth through-
out treatment. Unexpected intrusion of the molars would cause the incisors to appear
extruded on the posttreatment models after superimposition [16]. In fact, according
to Grunheid et al. [22], mandibular incisors tend to be positioned more occlusally than
predicted. The bite-block effect may make open bites easier to treat with Invisalign [16].

Concerning horizontal movements, mesiodistal tipping showed the most
predictability especially of upper molars and lower premolars (82.5%) followed by
vestibulolingual tipping [14]. Lingual crown tip (53%) was significantly more accu-
rate than labial crown tip (38%), particularly for maxillary incisors [23]. According
to Rossini et al. [8], aligners can easily tip crowns but cannot tip roots because these
appliances cause tooth movement by tilting motion rather than bodily movement.

In the anterior region, the elasticity of the aligner at the gingival margin results in
difficulty in controlling the applied forces [24]. With the use of Power Ridges (Align
Technology, Amsterdam, The Netherlands), the aligner can accurately control root
torque according to the crown position in the virtual setup [17]. Tepedino et al. [15]
also concluded that with Nuvola® aligners, in patients with moderate crowding up
to 6 mm, the torque movements for central and lateral incisors and canines of both
arches predicted in the digital setup were, in general, clinically achieved. However,
molar torque may not be fully achieved, with maxillary second molars often having a
clinically relevant magnitude of more facial crown torque than predicted [22].

Molar distalization was recorded as the highest accuracy with no need for attach-
ments. Simon et al. [25] also reported a high accuracy (88%) of the bodily movement
of upper molars when a distalization movement of at least 1.5 mm was prescribed.

Several studies agreed that derotation of rounded teeth especially canines was
difficult to achieve with aligners [16, 22, 26]. An amount of rotation greater than 15°
has been identified as a risk factor for decreased accuracy for rotational prediction
[25]. Interproximal contacts of rotated canines might also be considered a significant
predictor for the diminished efficacy of tooth movement, especially in the absence
of interproximal reduction of the enamel (IPR) [26]. The direction of derotation has
been also documented to influence the accuracy of the maxillary canine, with distal
movement demonstrating less accuracy than mesial [21]. This is possibly due to the
actual contact area between canine and premolar and the potential challenges of
providing enamel reduction in this area.
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It has been recommended to plan overcorrections, especially if rotations exceed
15°, to use attachments, and to reduce staging to less than 1.5° per aligner [8, 16, 25].
However, although various types or shapes of attachment grips or practices of inter-
proximal enamel reduction have been reported as potential prognostic factors for
better efficacy of rotational tooth movement, this does not necessarily translate into
an identified substantial effect in practice [26].

Concerning transverse movements, the effectiveness of achieving the simulated
transverse goals was 45% [6]. Aligners could increase the arch width, but expansion
was achieved by tipping movement of posterior teeth rather than bodily expansion. In
fact, Invisalign becomes less accurate going from the anterior to the posterior region
being more effective in premolar area [27, 28]. Thus, according to the initial torque of
the posterior teeth, an appropriate amount of negative torque in the crown could be
preset in ClinCheck to improve bodily expansion efficiency. For patients who need a
large amount of expansion, clinicians should consider reducing the amount of expan-
sion for each aligner to ensure periodontal health [7].

According to Lopez and al. [2], Invisalign® was also able to alter intercanine,
interpremolar, and intermolar width in the presence of crowding. Kravitz et al. [23]
recommended to treat cases with severe lower crowding mostly by interproximal
reduction (IPR) instead of dentoalveolar expansion. This recommendation comes
from the finding that retraction is more accurate than dentoalveolar expansion of the
lower anterior teeth. The expansion of the mandibular intercanine width also poses
the greatest risk of relapse following treatment [29].

Concerning the effectiveness of the occlusal contacts with clear aligners, the
study by Izhar et al. [10] found that the software models do not accurately reflect the
patient’s final occlusion immediately at the end of active treatment. Kassas et al. [30]
also stated that clear aligners were not sufficient for providing ideal occlusal contacts.
The deterioration in occlusal contacts was caused by the thickness of aligners, which
interferes with the settling of the occlusal plane.

As far as the malocclusion type is concerned, the study by Graf et al. [19]
showed that Invisalign® treatments are able to significantly reduce malocclusions
in adult patients. The study found that all types of sagittal malocclusion (class I,
class II, and class III) were ‘greatly improved’ with a rate of 77.44%. Graf and al.
[19] also concluded that conventional attachments and the combination with opti-
mized attachments equally led to treatment effectiveness regarding the total PAR
score reduction with equally achieved effectiveness in mild, moderate, and rather
severe cases. However, for Class II malocclusion, Patterson et al. [31] reported that
there was no significant Class II correction or overjet reduction with elastics for
an average of 7-month duration in the adult population. Additional refinements
may be necessary to address problems created during treatment mainly posterior
open bite.

One study of our review by Dai et al. [17] assessed the effectiveness of Invisalign
in first premolar extraction treatment. According to this study, first molar anchor-
age control and central incisor retraction were not fully achieved as predicted. Only
medium anchorage control was achieved as the first molars actually moved mesially.
The G6-optimized attachment showed similar control in first molar angulation and
mesiodistal translation as did 3- and 5-mm horizontal rectangular attachments. On
the other hand, setting a distal tipping of 6.6 mm on the first molars might help clini-
cally maintain the tooth angulation, leading to bodily tooth movement. According
to the same study [17], the incisors inclined lingually under the retraction force.
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Accordingly, the use of power ridges or attachments as well as overcorrection by
setting greater buccal crown inclination during the virtual setup should be considered
to achieve optimal incisor torque control.

Current evidence does not support the clinical use of aligners as a treatment
modality that is equally effective to the gold standard of braces [32]. However, clear
aligners have advantage in segmented movement of teeth and shortened treatment
duration, but are not as effective as braces in producing adequate occlusal contacts,
controlling teeth torque, and retention [5, 33].

Many variables influence the accuracy of dental movements, but very few stud-
ies have analyzed these parameters in treatments with clear aligners. According to
Tepedino et al. [15], several factors determine successful tooth movement such as
the attachment’s shape and position, the aligner’s material and thickness, the amount
of activation present in each aligner, and the techniques used for the production of
the aligners. Treatment outcomes depend also on the patient’s characteristics, bone
density and morphology, crown and root morphology of the teeth, as well as on fac-
tors related to the clinician. Orthodontists have to incorporate their expert knowledge
in determining proper sequencing of tooth movements, tooth attachment design and
placement, and prescribing overcorrection when needed for difficult tooth move-
ments to increase efficiency and achieve better treatment outcomes [22, 34]. Patient
compliance is also mandatory to achieve good results by wearing the aligners 22 hours
a day or more [28].

One study from this review with a high level of evidence [18] evaluated the impact
of wear protocol on the accuracy of clear aligners. It has concluded that fourteen-day
changes were statistically significantly more accurate in some posterior movements
mainly maxillary intrusion, distal-crown tip and buccal-crown torque, and in man-
dibular intrusion and extrusion.

As in all types of orthodontic treatment, stability is one of the most important
issues to discuss regarding clear aligners. According to the systematic review by
Zheng et al. [20], only one study compared the post-retention dental changes
between patients treated with Invisalign and those treated with conventional fixed
appliances. They found that the change in the total alignment score in the Invisalign
group was significantly larger than that for the Braces group. There were significantly
larger changes in maxillary anterior alignment in the Invisalign group than in the con-
ventional bracket group. Tamer et al. [5] also reported that maxillary anterior leveling
relapsed in the Invisalign group. On average, the posttreatment models lost twice as
many points for alignment than the respective ClinCheck models. In other words, a
full finishing phase of treatment may be needed to achieve the results indicated in the
ClinCheck model [11].

The type and degree of tooth movement, the duration of active treatment and the
retention protocol are among major influencing factors of posttreatment stability
and relapse. The study by Graf et al. [19] is the first one to assess the stability of clear
aligners outcome throughout a retention period of 10 months. The retention protocol
involved a mandibular multistrand fixed retainer (0.0155 inch; stainless steel, 24 K
gold plated) bonded on each lingual surface from canine to canine and a removable
modified Hawley retainer for the upper arch (with mandatory Adams clasps on first
molars). The study showed that the treatment outcome can be stable throughout this
retention protocol. It has also concluded that treating patients with respect to their
physiological boundaries and maintaining their original arch form would be key to
treatment stability. Overexpansion of the dental arch, especially in the lower arch and
in adult patients, is a potential risk for stable results.
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5. Conclusion

There is current evidence with a moderate level of certainty regarding the effec-
tiveness of clear aligner therapy for certain tooth movements. Clear aligners can
safely straighten dental arches in terms of leveling and derotating the teeth, except for
canines and premolars. The crown tipping can be easily performed. However, impor-
tant limitations include arch expansion through bodily tooth movements, extraction
space closure, corrections of occlusal contacts, and larger antero-posterior and
vertical discrepancies. The use of additional attachments might be more effective for
various types of movement, such as bodily expansion of the maxillary posterior teeth,
canine and premolar rotational movements, incisors torque control and extrusion of
maxillary incisors. Overcorrections might also improve the effectiveness of orthodon-
tic movement. However, overcorrections are not as simple for all movements and need
to be made on a case-by-case basis depending on the goal of treatment.

Studies on effectiveness of clear aligners had methodological heterogeneity as
they assessed predictability of different types of tooth movements for different
teeth by using different materials like Invisalign, F22 aligner and Nuvola system.
Retention and stability studies regarding aligners also remain limited in the literature.
Therefore, further well-designed and reported researches are required on this subject.

Acknowledgements

Special thanks to the department of Orthodontics of the Faculty of the dentistry
of the University Hassan II of Casablanca. We would also like to acknowledge the
support of Professor Farid Bourzgui for the realization of this work and for sharing
and discussing the initial idea of the project.

Conflict of interest

The authors declare no conflict of interest.

Author details

Soukaina Sahim* and Farid El Quars

Department of Orthodontics, Faculty of Dentistry, University Hassan II,
Casablanca, Morocco

*Address all correspondence to: souki-2s@hotmail fr

IntechOpen

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

191



Current Trends in Orthodontics

References

[1] Papadimitriou A, Mousoulea S,
Gkantidis N, Kloukos D. Clinical
effectiveness of Invisalign® orthodontic
treatment: A systematic review. Prog
Orthod. 2018 Sep 28;19(1):37.
DOI:10.1186/540510-018-0235-z. PMID:
30264270; PMCID: PMC6160377.

[2] Galan-Lopez L, Barcia-Gonzalez ],
Plasencia E. A systematic review of the
accuracy and efficiency of dental
movements with Invisalign®. Korean ]
Orthod. 2019 May;49(3):140-149.
DOI:10.4041/kjod.2019.49.3.140. Epub
2019 May 21. PMID: 31149604; PMCID:
PMC6533182.

[3] Kau CH, Feinberg KB, Christou T.
Effectiveness of clear aligners in treating
patients with anterior open bite: A
retrospective analysis. ] Clin Orthod.
2017 Aug;51(8):454-460. PMID:
29112503.

[4] Lione R, PaoloniV, Bartolommei L,
Gazzani F, Meuli S, Pavoni C, Cozza P.
Maxillary arch development with
Invisalign system. Angle Orthod. 2021 Jul
1;91(4):433-440. DOI:10.2319/080520-
687.1. PMID: 33570617; PMCID:
PMC8259755.

[5] Tamer I, Oztas E, Margan G.
Orthodontic treatment with clear
aligners and the scientific reality behind
their marketing: A literature review.
Turk J Orthod. 2019 Dec 1;32(4):241-246.
DOI:10.5152/ TurkJOrthod.2019.18083.
PMID: 32110470; PMCID: PMC7018497.

[6] Riede U, Wai S, Neururer S,
Reistenhofer B, Riede G, Besser K,
Crismani A. Maxillary expansion or
contraction and occlusal contact
adjustment: effectiveness of
current aligner treatment. Clin Oral
Investig. 2021 Jul;25(7):4671-4679.

192

DOI:10.1007/s00784-021-03780-4. Epub
2021 Jan 20. PMID: 33474622; PMCID:
PMC8310473.

[7] Zhou N, Guo J. Efficiency of upper
arch expansion with the Invisalign
system. Angle Orthod. 2020
Jan;90(1):23-30. DOI:10.2319/022719-
151.1. Epub 2019 Aug 1. PMID: 31368778;
PMCID: PMC8087062.

[8] Rossini G, Parrini S, Castroflorio T,
Deregibus A, Debernardi CL. Efficacy of
clear aligners in controlling orthodontic
tooth movement: A systematic review.
Angle Orthod. 2015 Sep;85(5):881-889.
DOI:10.2319/061614-436.1. Epub 2014
Nov 20. PMID: 25412265.

[9] Caputo M, Di Luzio C, Bellisario A,
Squillace F, Favale M. Evaluation of the
effectiveness of clear aligners therapy in
orthodontic tooth movement.
WebmedCentral ORTHODONTICS
2017;8(11): WMC005359

[10] Izhar A, Singh G, Goyal V, Singh R,
Gupta N, Pahuja P. Comparative
assessment of clinical and predicted
treatment outcomes of clear aligner
treatment: An in vivo study. Turk ]
Orthod. 2019 Dec 1;32(4):229-235.
DOI:10.5152/Turk]JOrthod.2019.19019.
PMID: 32110468; PMCID: PMC7018496.

[11] Buschang PH, Ross M, Shaw SG,
Crosby D, Campbell PM. Predicted and
actual end-of-treatment occlusion
produced with aligner therapy. Angle
Orthod. 2015 Sep;85(5):723-727.
DOI:10.2319/043014-311.1. Epub 2014
Nov 5. PMID: 25372019.

[12] Putrino A, Barbato E, Galluccio G.
Clear aligners: Between evolution and
efficiency—A scoping review. IntJ
Environ Res Public Health. 2021 Mar



Effectiveness and Stability of Treatment with Orthodontics Clear Aligners: What Evidence?

DOI: http://dx.doi.org/10.5772/intechopen.99998

11;18(6):2870. DOI:10.3390/
ijerph18062870. PMID: 33799682;
PMCID: PMC7998651.

[13] Alexanderson K, Norlund A. Swedish
Council on Technology Assessment in
Health Care (SBU). Chapter 2. Methods
used for the systematic literature search
and for the review of relevance, quality,
and evidence of studies. Scand J

Public Health Suppl. 2004; 63:31-35.
DOI:10.1080/14034950410021826.

PMID: 15513651.

[14] Lombardo L, Arreghini A, RaminaF,
Huanca Ghislanzoni LT, Siciliani G.
Predictability of orthodontic movement
with orthodontic aligners: A
retrospective study. Prog Orthod. 2017
Nov 13;18(1):35. DOI:10.1186/s40510-
017-0190-0. PMID: 29130127; PMCID:
PMC5682257.

[15] Tepedino M, Paoloni V, Cozza P,
Chimenti C. Movement of anterior
teeth using clear aligners: A three-
dimensional, retrospective evaluation.
Prog Orthod. 2018 Apr 2;19(1):9.
DOI:10.1186/s40510-018-0207-3. PMID:
29607469; PMCID: PMC5879033.

[16] Charalampakis O, Iliadi A, Ueno H,
Oliver DR, Kim KB. Accuracy of clear
aligners: A retrospective study of patients
who needed refinement. Am J Orthod
Dentofacial Orthop. 2018 Jul;154(1):
47-54. DOI:10.1016/j.ajod0.2017.11.028.
PMID: 29957318.

[17] Dai FF, XuTM, Shu G. Comparison
of achieved and predicted tooth
movement of maxillary first molars and
central incisors: First premolar extraction
treatment with Invisalign. Angle Orthod.
2019 Sep;89(5):679-687. DOI:10.2319/
090418-646.1. Epub 2019 Mar 28. PMID:
30920875; PMCID: PMC8111827.

[18] Al-Nadawi M, Kravitz ND, Hansa I,
Makki L, Ferguson DJ, Vaid NR. Effect of

193

clear aligner wear protocol on the
efficacy of tooth movement. Angle
Orthod. 2021 Mar 1;91(2):157-163.
DOI:10.2319/071520-630.1. PMID:
33296455; PMCID: PMC8028485.

[19] Graf I, Puppe C, Schwarze J, Hofer K,
Christ H, Braumann B. Evaluation of
effectiveness and stability of aligner
treatments using the Peer Assessment
Rating Index. ] Orofac Orthop. 2021
Jan;82(1):23-31. English. DOI:10.1007/
s00056-020-00249-z. Epub 2020 Sep 22.
PMID: 32960313.

[20] Zheng M, LiuR, Ni Z, Yu Z.
Efficiency, effectiveness and treatment
stability of clear aligners: A systematic
review and meta-analysis. Orthod
Craniofac Res. 2017 Aug;20(3):127-133.
DOI:10.1111/0cr.12177. Epub 2017 May
26. PMID: 28547915.

[21] Haouili N, Kravitz ND,

Vaid NR, Ferguson DJ, Makki L. Has
Invisalign improved? A prospective
follow-up study on the efficacy of tooth
movement with Invisalign. Am J
Orthod Dentofacial Orthop. 2020
Sep;158(3):420-425. DOI:10.1016/j.
2jod0.2019.12.015. Epub 2020 Jun 30.
PMID: 32620479.

[22] Griinheid T, Loh C, Larson BE.
How accurate is Invisalign in
nonextraction cases? Are predicted
tooth positions achieved? Angle
Orthod. 2017 Nov;87(6):809-815.
DOI:10.2319/022717-1471. Epub 2017
Jul 7. PMID: 28686090; PMCID:
PMC8317555.

[23] Kravitz ND, Kusnoto B, BeGole E,
Obrez A, Agran B. How well does
Invisalign work? A prospective clinical
study evaluating the efficacy of tooth
movement with Invisalign. Am J Orthod
Dentofacial Orthop. 2009 Jan;135(1):27-
35. DOI:10.1016/j.ajod0.2007.05.018.
PMID: 19121497.



Current Trends in Orthodontics

[24] Zhang X]J, He L, Guo HM, Tian]J,

Bai YX, Li S. Integrated three-
dimensional digital assessment of
accuracy of anterior tooth movement
using clear aligners. Korean J Orthod.
2015 Nov;45(6):275-81. DOI:10.4041/
kjod.2015.45.6.275. Epub 2015 Nov 20.
PMID: 26629473; PMCID: PMC4664903.

[25] Simon M, Keilig L, Schwarze ],

Jung BA, Bourauel C. Treatment outcome
and efficacy of an aligner technique—
Regarding incisor torque, premolar
derotation and molar distalization. BMC
Oral Health. 2014 Jun 11; 14:68.
DOI:10.1186/1472-6831-14-68. PMID:
24923279; PMCID: PMC4068978.

[26] Koletsi D, Iliadi A, Eliades T.
Predictability of rotational tooth
movement with orthodontic aligners
comparing software-based and achieved
data: A systematic review and meta-
analysis of observational studies. ]
Orthod. 2021 Jun 27:14653125211027266.
DOI:10.1177/14653125211027266. Epub
ahead of print. PMID: 34176358.

[27] Morales-Burruezo I,

Gandia-Franco JL, Cobo ],
Vela-Herndndez A, Bellot-Arcis C. Arch
expansion with the Invisalign system:
Efficacy and predictability. PLoS One.
2020 Dec 10;15(12): e0242979.
DOI:10.1371/journal.pone.0242979.
PMID: 33301484; PMCID: PMC7728268.

[28] Houle JP, Piedade L, Todescan R Jr,
Pinheiro FH. The predictability of
transverse changes with Invisalign.
Angle Orthod. 2017 Jan;87(1):19-24.
DOI:10.2319/122115-875.1. Epub 2016
Jun 15. PMID: 27304231.

[29] Phan X, Ling PH. Clinical limitations
of Invisalign. ] Can Dent Assoc. 2007
Apr;73(3):263-266. PMID: 17439714.

[30] Kassas W, Al-Jewair T, Preston CB,
Tabbaa S. Assessment of Invisalign

194

treatment outcomes using the ABO
Model Grading System. Journal of the
World Federation of Orthodontists. 2013
Jun 1;2(2): e61-e64. DOI:10.1016/j.
ejwf.2013.03.003

[31] Patterson BD, Foley PF, Ueno H,
Mason SA, Schneider PP, Kim KB.
Class II malocclusion correction

with Invisalign: Is it possible? Am J
Orthod Dentofacial Orthop. 2021
Jan;159(1):e41-e48. DOI:10.1016/j.
ajodo0.2020.08.016. Epub 2020 Nov 19.
PMID: 33223374.

[32] Papageorgiou SN, Koletsi D, Iliadi A,
Peltomaki T, Eliades T. Treatment
outcome with orthodontic aligners and
fixed appliances: A systematic review
with meta-analyses. Eur ] Orthod. 2020
Jun 23;42(3):331-343. DOI:10.1093/ejo/
¢jz094. PMID: 31758191.

[33]1 Ke Y, Zhu Y, Zhu M. A comparison of
treatment effectiveness between clear
aligner and fixed appliance therapies.
BMC Oral Health. 2019 Jan 23;19(1):24.
DOI:10.1186/s12903-018-0695-z. PMID:
30674307; PMCID: PMC6343314.

[34] Boyd RL. Esthetic orthodontic
treatment using the invisalign appliance
for moderate to complex malocclusions.
J Dent Educ. 2008 Aug;72(8):948-967.
PMID: 18676803.



Chapter11

The Value of Self-Ligating Brackets
in Orthodontics: About the Damon
Protocol

Suvetha Siva, Shreya Kishore, Suganya Dhanapal,
Janani Ravi and Chandhini Suresh

Abstract

In orthodontics there has been a change in the treatment plan of crowding cases
from extraction protocol. This was mainly due to the introduction of self-ligating
bracket and temperature activated wires. Even though there are certain exceptions,
the self-ligating bracket have evolved in orthodontics because of its advantages such
as low friction, shorter treatment duration and increased efficacy. Damon’s self-
ligating system has been in existence since 1930 but it has been well developed in the
past 30 years with the introduction of newer systems. Damon’s self-ligating brackets
have been designed to overcome the drawbacks of conventional bracket system and
are often considered as the pinnacle of bracket technology. The main advantage of
Damon’s system was low friction and shorter treatment duration. But the efficiency
of the appliance is influenced by several factors such as Biomechanics, frequency
of dental visits and patient comfort. The chapter will highlight the efficiency of the
appliance, the various possible outcomes and its influence on the ease of orthodontic
therapy.

Keywords: self-ligating bracket, Damon’s system, Damon brackets,
passive self-ligating bracket, Damon philosophy

1. Introduction

Orthodontics and orthodontists have always worked towards delivering better care
for patients. This has led to the invention of various bracket systems along with the
changes in the protocol of management of extraction cases.

The Self Ligating Brackets (SLB) has come into orthodontic practice since 1930’
with the invention of Boydband bracket. These bracket systems along with the
thermally activated NiTi wires have reduced the treatment duration, chair-side time,
and improved the treatment efficacy and patient co-operation. This led to the inven-
tion of Damon’s system by Dr. Dwight Damon in the year 1996. It is called as “System”
rather than “Brackets” because it utilizes the benefits of both the brackets and copper
NiTi wires, thus delivering a “low force- low friction” mechanics for the management
of dental malocclusion [1].
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There has been lot of evidence in literature which states that “atraumatic”
remodeling of periodontal tissues was rarely achieved using conventional orth-
odontic bracket system. This is mainly because the tooth was always moved in
group. In Damon’s system, the tooth is allowed to move individually, yet stay in the
group. The bracket system allows for easy sliding of the tooth along the path of least
or no resistance thus leading to faster leveling and alignment and reduced treat-
ment duration [2]. The aim of this chapter is to describe the bracket prescription,
efficiency of the appliance, the possible outcomes and its influence on orthodontic
therapy.

2. Why choose Damon?

Damon philosophy uses the concept of passive self-ligation technique which claims
to have the lowest frictional resistance of any ligation system. Reduction in friction
helps the force to transmit directly from the arch wires to the teeth and its supporting
structures without any force dissipation by the ligature system [3].

Comparing the other prescriptions, Damon system has lots of benefits:

* Limitations in the use of intraoral expansion appliances such as quad-helix or
jack-screw as the optimal forces from the arch wires completely allows the con-
nective tissue and alveolar bone to follow tooth movement with uninterrupted
vascular supply to the tooth and its surrounding system thereby providing the
necessary expansion [3-5].

* In astudy stated that Damon System produced a significant transversal increase
in the posterior region of the arches with differences in teeth buccolingual
inclinations at post-treatment [6].

* Faster alignment of teeth as passive self-ligation produces lower resistance thus
allowing a wire to slide.

* Reduced amount of pain experienced by patients, and higher treatment effi-
ciency as this friction-free system produces less forces on the teeth [4, 5].

* Reduction in the need for extraction as the force applied is minimal that the
pressure from lips can control unwanted tipping of incisors during alignment
stage [5].

* Decreased demand for the use of anchorage devices comparing the conventional
appliances as there is reduced friction between the ligation for better tooth
control [7].

* Reduction in the overall duration of orthodontic treatment up to 7 months and
also reduced number of appointments have been found in few researches [8, 9].

* Control of tooth position because there is an edgewise slot of adequate width and

depth [3].

* Decreased discomfort experienced by the patients with the Damon prescription
as the forces applied to the teeth are kept minimal throughout the treatment [4].
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* More efficient chair-side due to reduced ligation time [10].

* Promotes periodontal health with better infection control [11].

3. Classification of Damon’s system

In orthodontics achieving ideal inclination of anterior using the edgewise system
is challenging. In an attempt to overcome this drawback, Damon’s system has different
torque prescription. This includes:

3.1 High torque brackets

These brackets can be used in cases where the incisors or cuspids are severely
retroclined or palatally placed. Examples are:

* Class I extraction cases with proclined of anterior.
¢ Class II division 1 malocclusion.
¢ Class II division 2 malocclusion with retroclined incisors.

* Palatally placed incisors or cuspids.
3.2 Standard torque brackets

These brackets can be used in cases where the inclination of anterior is satisfactory
and when there will not be any obvious change in the inclination during the course of
the treatment.

3.3 Low torque brackets
» Examples of the cases include:
* Anterior open bite cases with severe proclination of anteriors.
* Moderate and severe crowding.
* Treatment mechanics which may result in proclination of anteriors.
* Incisors with palatally positioned roots.

e In class II fixed functional cases or class II elastics cases where control of lower
incisor proclination is necessary.

* Lingually placed lower incisors [3].

4. Tip and torque

The tip and torque values of Damon’s system are as in Tables 1 and 2.
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Upperarch
U1 U2 u3 U4 U5 U6 u7
+5° +9° +6° +2° +2°
Lower arch
L1 L2 L3 L4 L5 L6 L7
+2° +2° +5° +2° +2°
Table1.
Tip values in Damon’s system.
Upperarch
U1 U2 U3 U4 U5 U6 u7
High torque +17° +10° +7°
Standard torque +12° +8° 0° -7° =7° -18° =27°
Low torque +7° +3°
Lower arch
L1 L2 L3 L4 L5 L6 L7
High torque +7°
Standard torque -1 - 0° -12° -17° —28° -10°
Low torque —6° —6°
Table 2.

Torque values in Damon’s system.

5. Advantages and disadvantages

5.1 Advantages
* Clinically proven

¢ Enhances facial esthetics

¢ More comfortable than traditional braces

¢ Reduced friction and faster tooth movement

¢ Shorter treatment duration

¢ Lesser visits

5.2 Disadvantages

* Expensive than traditional braces

¢ “Metal Mouth” look
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6. Arch wire sequencing

The phases of tooth movement are generally.

* Initial leveling and aligning — where initial round wires made of multistranded
steel or NiTi are used, starting from the smaller dimensions then proceeded with
the larger dimensions.

* Retraction and space closure — where rigid rectangular wires are used for major
mechanics like torque expression and space closure.

* Finishing and detailing — round steel wires are usually used.

There are two sequences which are generally followed in pre-adjusted edgewise
prescription.

6.1 Universal arch wire sequencing

An older concept of a sequence which initially uses round steel wires from
sizes.014, .016, .018 and .020 followed by rectangular steel wires from dimen-
sions.018 x .025, .019 x .025 and.021 x .025 in.022 slots.

Multi-stranded wires of dimensions .015 and .0175 were used for initial aligning
before .014 round Steel wire came into practice and finishing and detailing was done
with.014 steel wires.

Later with the introduction of MBT prescription, arch wire sequencing started
with initial .016 CuNiTi wire followed by .019 x .025 CuNiTi and then .019 x .025
Steel wire was used for major biomechanics and detailing was done with .014 round
steel wire [12, 13].

A clinical research by Mandall, in which three wire sequences were randomly
allocated to patients to compare are as follows:

Group A - 0.016 NiTi, 0.018 x 0.025nNiTi, and .019 x 0.025 Steel wires.

Group B- 0.016 Niti, 0.016 SS and finally 0.020-inch Steel wires.

Group C - 0.016 x 0.022 CuNiTi wire, followed by 0.019 x 0.025 CuNiTi, and
ending with 0.019 x 0.025 Steel wire,

And found that all sequences were equally effective. However, the CuNiTi may be
preferred by the clinicians as it reduces the number of appointments [14].

In another study by Ong, the three different archwire sequences were applied are
as follows:

¢ 0.014 Niti, 0.017x0.017 HANT, 0.016x0.022 Steel
* 0.014 Sentalloy, 0.016x0.022 Bio force, 0.016x0.022 Steel

* 0.014 CuNiTij, 0.014x0.025 CuNiTi, 0.016x0.022 Steel,

And found that there were no differences among the archwire sequences in terms
of aligning or discomfort [15].

6.2 Damon arch wire sequencing

Phase 1: Light Round Wires
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This phase of treatment uses 0.013, 0.014, or 0.016 CuNiTi arch wires. The aim of
this first phase of treatment is to achieve tooth alignment including rotation correc-
tion except second molars, level the arches and initiate arch development with light
forces to permit the soft tissues to desired arch shape. This phase of treatment nor-
mally extends from 10 to 20 weeks and the intervals between appointments are about
10 weeks.

Phase 2: High Rectangular Wires

Phase 2 uses two arch wires: 0.014 x 0.025 CuNiTi followed by 0.018 x 0.025
CuNiTi wires. In case of well aligned arches only 0.016 x 0.025 CuNiTi are used in
this phase. If intrusion of anteriors is planned, 0.017x 0.025 or 0.019x 0.025 CuNiTi
arch wires with preformed curves or reverse curves of Spee or additional torque can
be applied anteriorly in this stage.

The main purposes of this phase are:

* Continue arch development

* achieve complete alignment of all teeth including second molars,
* consolidate anterior spaces and maintain tooth contact,

* Initiate torque control and bite opening,

The duration of this phase ranges from 20 to 30 weeks. The first archwire is placed
from 8 to 10 weeks and the second is from 4 to 6 weeks.

Phase 3: Major Mechanics

Preposted stainless steel arch wires of size 0.019 x .025 are used. Presence of cross
bite at this stage when persisted can be corrected with the use of 0.016 x 0.025 pre-
posted stainless steel arch wire with the use of cross elastics where buccal and lingual
tipping can be achieved at this stage.

The main purposes of this phase are:

* Finish torque control,

* Consolidate posterior space and

* Maintain the arch form which developed during the initial two phases,
* Completely correct the tooth position in all the three relationships.

This phase of treatment extends from 8 to 10 weeks with an interval about
10-weeks between appointments.

Phase 4: Finishing and Detailing

The stainless steel arch wires continued in this phase with elastics for achieving
proper interdigitation. But for individual teeth position 0.019x 0.025 {3-titanium arch
wires may also be used [2, 3, 16].

In a study by Handem, used the arch sequence with initial round wires 0.014
or 0.016, followed by rectangular 0.016 x 0.025, 0.018 x 0.025, and 0.019 x 0.025
CuNiTi arch wires subsequently, rectangular 0.017 x 0.025 or 0.019 x 0.025 Steel arch
wires [17].
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7. Bracket placement in Damon system

Various clinicians have put forth bracket placement methodologies of the Damon
bracket system to achieve the desired smile arc protection, functional occlusion and
enhancing the facial esthetics.

Standard bracket placement by Dwight Damon [18]:

According to him, the arch wire slot should be at the distances mentioned below
from the incisal edge.

Maxillary

U-14.75 mm.

U-24.50 mm.

U-35.00 mm.

U-4 4.50 mm.

U-54.25 mm.

Mandibular

L-14.75 mm.

L-24.50 mm.

L-35.00 mm.

L-4 4.50 mm.

L-54.25 mm.

7.1 Placement tips
* The upper brackets open occlusally and the lower brackets open gingivally.

* The mesiodistal width of the pad and the mesiodistal edges of the teeth should
be given importance.

* Panorex view prior to bracket placement allows to identify root position.

* The internal slot and the horizontal components should be parallel to the occlu-
sal plane. This is of greater importance in the lower anteriors.

* The scribe line of the bracket and crown long axis should be focused while plac-
ing the bracket.

Dr. Dwight Damon advises placement of the bracket within the green zone (in
between the green lines). The Damon prescription has variable torque prescriptions
to foster the need for different clinical cases. A clinician can place the upper and lower
mid-bracket slot within the green lines without dramatically impacting torque.

Dr. Thomas. R. Pitts Protocol [19]:

Dr. Thomas. R. Pitts worked with a philosophy of “beginning with the end in
mind”. He believed that developing acumen in precise bracket placement is the single
most important protocol to achieve an esthetically pleasing smile and functional
occlusion.

Basic principles of the Pitts placement protocol:

Detailed bonding plan before the day of bonding and to select brackets of appro-
priate torque based on the demand of the case.

Ensure tray setup entails all items for an efficient bonding.
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Use two assistants to assist in bonding.

Recontour teeth for esthetics and bracket fit.

Follow an exacting placement protocol to achieve an ideal smile arc in the anteriors
and leveling buccal cusps and marginal ridges in the posteriors.

Dr. Pitts bonds the maxillary anteriors to achieve a consonant smile arc at the end
of the treatment, the mandibular anteriors for overjet and overbite and the remaining
teeth for a good occlusion. He first bonds the mandibular teeth, from the second molar
to canine on one side, and repeats the same on the opposite side, followed by lateral
to lateral. This is followed to achieve symmetry on either side. The same sequence is
repeated in the upper arch. He believed in keying off the maxillary canine to ensure
that the canine-lateral and canine- premolar contacts are esthetic and functional.

In the posteriors, to achieve leveled marginal ridges and contact points, the teeth
are bonded using the contact points as reference. This is done up to the canine and
then the incisors are bonded based on the slot of the maxillary canine to give a sweep
in the smile arc which gives a pleasing appearance Figures 1 and 2.

Figure 1.
Standard bracket placement of damon bracket.

Figure 2.
Pictuve depicting the “green zone” for bracket placement in the Damon system.
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Dr. Pitt’s occluso gingival positioning of brackets is slightly more gingival to the
conventional placement on both arches. He believed positioning the brackets more
incisally will prevent us from achieving the ideal smile arc and hinders torque control
(Figure 3). Dr. Pitts along with Dr. Mike Steffan developed a method to making the
bracket positioning easier by drawing lines on the stone models from contact points
for the canine, premolars and molars to prevent mistakes in bracket positioning in the
transition of contact points from posteriors to anteriors (Figure 4).

7.2 Maxillary anteriors

The position of the maxillary canine is given the prime importance for the sweep
in the smile arc. Based on the positioning of this bracket, other anterior brackets were
placed. In this method, the incisal edge of the canine bracket wing needs to be placed
on a line drawn from mesial to distal contact at the height of contour interproximally.
This line was called the mesiodistal (M-D) contact line. The level of the slot of this
bracket was used as a reference for maxillary central and lateral incisor positioning. The
maxillary lateral incisor bracket is placed 0.5 mm gingival to the canine bracket and
central incisor bracket 0.25 mm gingival to this to achieve the ideal smile arc (Figure 5)
Further to avoid the bracket positioning error, the author advises the use of a two inch
large front surface mirror to avoid any error in bracket positioning (Figure 6).

Figure 3.
Gingival bracket placement for smile arc protection by Dr. Thomas Pitts.

Figure 4.
Marking the contact points veference for establishing occlusogingival positioning of brackets.
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Figure 5.
Bracket positioning in the maxillary incisors and canines.

Figure 6.
Use of a large front surface mirror to prevent ervors in bracket positioning.

7.3 Maxillary premolars

The maxillary premolars are positioned by aligning the scribe line with the crown
long axis at the height of contour paralleling the central groove and the M-D buccal
line angle. Following correct bracket placement, the bracket on the first premolar
would seem too distal to the height of contour and the second premolar at times
would appear mesial to the height of contour when viewed from the buccal aspect.
The occlusal edge of the brackets should touch the M-D contact line (Figure 7).

7.4 Maxillary molars

The mesiodistal positioning of the buccal tube is done by centering the buccal tube
pad over the buccal groove of the teeth and the occluso gingival positioning is done

LY
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Figure7.
Bracket positioning in the maxillary premolars.
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by placing the occlusal edge of the pad on the M-D contact line of the first molar. The
second molars follows the same rule for mesiodistal positioning but placed 1.5 mm
more occlusally to the first molar tube (Figure 8).

7.5 Mandibular incisors

The mandibular incisors are placed such that the scribe line is aligned with the
long axis of the tooth. The bracket position is viewed from the incisal aspect. For deep
bite, the position of the top of the slot is 3.5 mm from the incisal edge to reverse the
curve of spee and for open bite; the position of the top of the slot is 5 mm from the
incisal edge to open the curve of spee (Figure 9).

7.6 Mandibular canines

The mesiodistal positioning is done by aligning the scribe line to the long axis of
the crown at the height of contour. The position is verified by viewing from the incisal

J)
|
;J

Figure 8.
Bracket positioning in the maxillary molars.

DEEP BITE OPEN BITE

Figure 9.
Bracket positioning in the mandibular anteriors.
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aspect. The occluso gingival positioning is placing the incisal edge of the bracket wing
at the M-D contact line (Figure 10).

7.7 Mandibular premolars

The mesiodistal positioning is done by aligning the scribe line to the crown long
axis and viewed from the occlusal aspect. The occluso gingival positioning is based on
positioning the occlusal edge of the bracket wing 0.5 mm gingival to the M-D contact
line (Figure 11).

7.8 Mandibular molars

The mandibular molars are placed in the same way as the maxillary molars in
terms of mesiodistal positioning by orienting the center of the buccal tip of the buccal
tube with that of the buccal groove of the tooth. Unlike the maxillary molars, both the
mandibular molars are placed at the same height, which is 0.5 mm gingival to the M-D
contact line (Figure 12).

NP
i e
Figure 10.
Bracket positioning in the mandibular canine.
- =

f-?fl r-—.’r~ A ’

iy i
Figure 11.
Bracket positioning in the mandibular premolars.
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Figure 12.
Bracket positioning in the mandibular molars.
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Figure 13.
Figure showing placement of brackets in the maxillary anteriors.

Another technique that was proposed was the bracket placement in Beethoven’s
Orthodontic center. The bracket placement was similar to that given by Dr. Pitts
except some modifications that were made in the maxillary canines. According to
him, the maxillary canine bracket is placed by aligning it 1 mm mesially away from
the long axis of the crown. The slot of the canine was used as a reference for placing
the incisor brackets. The slots of the central and lateral incisor brackets are raised
0.5 mm consecutively (Figure 13).

8.1deal cases for Damon

Dr. Damon has said that force applied to the bracket should be as light as possible
to stimulate tooth movement. His philosophy was to employ the concept of biologi-
cal adaptation and facially driven treatment plan that focuses on facial esthetics as a
critical foundation for diagnosis.

The treatment objective in Damon cases is to

* Gain maxillary and mandibular arch length.

* Establish upper and lower incisor position to give lip support.

* Establish maxillary and mandibular posterior arch width to support mid-face.

* Establish ideal maxillary lip-to-tooth relationship.

* Design treatment mechanics to eliminate need for higher force rapid palatal
expansion.

» With low-force mechanics to work with the orofacial muscle complex, bone, and
tissue to establish a physiologic tooth position

Damon system can be used in the following cases
* Class I- Non Extraction- Young patient with severe crowding and a flat profile

* Class I- Non Extraction- Adult patient with severe crowding and a flat profile
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* Class I- Non Extraction- Young patient- Open bite with posterior crossbite and
very narrow deep palate.

* Class I- Non Extraction- Adult patient- Open bite with posterior crossbite and
very narrow deep palate.

* Class I- Extraction- Bimaxillary protrusion and crowding.

* Class II division I subdivision with functional shift- Non Extraction
* Class II division I- Severe crowding and deep bite

* Class II division II- Severe crowding and deep bite

* Class III- Severe crowding.

Using the light forces from the Copper NiTi wires and friction less passive self-
ligating brackets along with Superelastic NiTi open coil springs wherever required we
can achieve a desired treatment outcome with the Damon system.

In case of Class II patients with retrognathic mandibles we can go for Phase 1
therapy with functional appliances or fixed functional appliances.

9. Recent advances

The Damon self-ligating appliances have certain characteristics such as ease
in ligation, wire engagement without undesirable force relaxation of elastomeric
modules, which helps in maintaining a constant active status of engaged wires. This
makes the Damon appliance more suitable than conventional appliances. This is in
agreement with the findings by various other orthodontists, Berger [20], Harradine
[9], Turnbull and Birnie [4].

Ormco, Damon Company keeps evolving over the years, coming out with different
and more compatible bracket systems. Starting from Damon 3©, to Damon 3mx®©,
to Damon Q©, to Damon Q2© followed by the latest development, the Damon
Ultima™®© system. In clear ceramic braces from Damon clear© they have recently
developed the Damon Clear 2© system.

9.1 Damon Clear2 ©

They are completely esthetic passive self-ligating brackets made of polycrystalline
alumina (PCA) material, which is resistant to staining from coffee, mustard, red wine
and other agents. It eliminates the need for the use of elastomers (modules) which
generally stain and collect bacteria during the course of the treatment.

Damon Clear 2© brackets have a sturdy base with a fortified slide, window
channel and tie wings for extra strength and durability. The four solid walls enable
effective torque expression and rotation control for a good and meticulous finishing
(Figures 14 and 15).

The base design of the Damon Clear 2© brackets is a patented laser etched pad
that provides optimal bond strength for greater reliability (Figure 16). The contours
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Figure 14.
Damon clear 2© bracket.

Figure 15.
Enhanced strength for effective torque expression.

Figure 16.
Laser etched base for enhanced stability.
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of the brackets are smooth and rounded, which ensures patient comfort. The is an
option to switch to brackets that have discrete contoured hooks for elastics and other
auxiliaries (Figure 17).

Generally ceramic brackets are thought of as messy, while debonding as they tend
to crack and splutter while using a debonding plier to remove the bracket. Whilst,
for Damon Clear 2©, Ormco has a patented debonding instrument, the Damon Clear
Debonding Instrument ©, which results in fast and comfortable debonding experi-
ence for patients (Figure 18). There is also no requirement for removing flash after
the debonding procedure.

Removable positioning gauge with scaler notch is present in each of the clear
brackets for easy and efficient placement of the bracket (Figure 19). There are color-
coded positioning gauges on brackets (13-23) present that denote torque values.

For a higher efficient and quality treatment, proper wire sequencing must be
employed. The initial arch wires being the Damon Optimal-Force Copper Ni-Ti® to
low-friction TMA and stainless-steel arch wires. Each wire must have sufficient time
to express itself before progression to the next wire. For anterior torque expression,

Figure 17.
Discrete contoured hooks for auxiliaries.

Figure 18.
Debonding of the bracket with Damon clear Debonding instrument ©.
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Figure 19.
Removable position gauge with scalar notch.

either pre-torqued nickel titanium arch wires or TMA arch wires are to be used. For
rotational bends, TMA arch wires or titanium niobium arch wires are to be used.
However, care should be taken in employing finishing bends in stainless steel wires,
since such bends may result in fractures.

9.2 Damon Ultima ©

Damon Ultima ™ © was designed and introduced for a faster and a more precise
finishing. Traditional passive self-ligating brackets and wires have significant play
which generally results in poor control, manual adjustments and extended treatment
time. The Damon Ultima ™®© system is the first system that is completely reengi-
neered to virtually eliminate play, for a precise control of rotation, angulation and
torque [3].

The enhanced features in Damon Ultima ™®© are as follows:

* Completely re-engineered tie-wing is said to improve the ability to engage and
ligate elastomeric chains (Figure 20).

* Smoother tie wings were designed for a better patient comfort and minimal
occlusal interference (Figure 21).

* The base of the bracket with 80 gauge mesh designed for reliable and increased
bond strength throughout treatment and for a predictable debonding experience
(Figure 22).

* Easy to open and close the slot door design with low reciprocal forces and tactile
feedback. The bracket door and wire are designed to reduce door closure inter-
ference (Figure 23).

* Rhomboid shaped pad with enhanced scribe line help in guiding bracket
placement (Figure 24).

* Presence of vertical slot for convenient placement of drop-in hooks (Figure 25).
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Figure 20.
Reengineered tie wing in Damon Ultima ™.

Figure 21.
Smoother tie wings for patient comfort.

Figure 22.
Base of the bracket of Damon Ultima ™.

The retrocline and procline bracket options were introduced for enhanced torque
control. Brackets were designed from the centre point of the clot to the line-up with
the FA point to express desired torque and provide easier and more precise placement
(Figure 26).
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Figure 23.
The enhanced bracket door design.

Figure 24.
Rhomboid shaped pad in Damon Ultima ™®©.

Figure 25.
Vertical slot for placement of drop-in hooks.

Additionally, extra arch wire options were included, for torque control when
needed. Sizes available are: 0.019*0.0275, 0.0020%0.0275, and 0.021*0.0275 in Copper
NiTi, TMA and SS (Figure 27).
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Figure 26.
Adbversity of procline and retrocline brackets in the Damon Ultima ™®© system, that can be used to incorporate
torque whenever needed.

Figure 27.
Reengineered arch wive for better torque control.

10. Conclusion

Passive self-ligation offers the most direct transmission of force from the arch
wire to the tooth with very low friction, a very secure ligation along with excellent
control of tooth position. Every contemporary modality of orthodontic treatment
achieves tooth alignment; however passive self-ligation achieves the results effectively
and efficiently. With the evolution of various systems like Damon Clear2 and Damon
Ultima ©, the orthodontic tooth movement is achieved at its best.
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Abstract

This study compared the perception of pain experienced by patients undergoing
orthodontic treatment with conventional, self-ligating brackets and aligners, and
investigated the impact that pain had on their daily lives. 346 consecutive patients
were included in the study: 115 patients treated with conventional brackets, 112
Patients treated with self-ligating brackets, and 119 patients treated with aligners. The
quantitative aspect of pain was assessed using the Visual Analogue Scale, while the
qualitative aspect of pain was evaluated using the Moroccan Short Form of McGILL
Pain questionnaire. In all three groups experienced pain after activation tended to
decrease in the following week. This pain was greater in patients with conventional
braces and less in patients with aligners. Using the M-SF-MPQ to describe the qualita-
tive aspect of the pain revealed that the “cramping ,;.,” “aching Jls” aspect was most
accentuated in the 3 groups. Medication intake was correlated with the intensity of
pain experienced in all 3 systems. As for the impact of pain on daily activities, patients
in groups of conventional and self-ligating braces showed more pain than those in the
aligners group. Overall, aligners were less painful than conventional and self-ligating
appliances. Patients did not suffer from an alteration in their quality of life due to
orthodontic treatment.

Keywords: orthodontics, corrective, clear aligner appliances, facial pain,
pain measurement, Morocco

1. Introduction

Pain is defined as “an unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in terms of such damage.” (IASP)
[1]; it: “is a mutually recognizable somatic experience that reflects a person’s appre-
hension of threat to their bodily or existential integrity” [2].
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Orthodontic tooth movement requires the application of force to the tooth,
which usually results in a painful sensation [3]. It is important to note that there
are individual differences in pain sensitivity related to the subjective aspect of pain
perception [4].

Recently, orthodontic practices have evolved considerably. In addition to con-
ventional or self-ligating appliances, aligners represent an esthetic and comfortable
alternative option for orthodontic treatment. Even though these methods have
revolutionized orthodontics practices, practitioners are still confronted with the
painful aspect of the treatment. Some patients perceive orthodontic pain as discom-
fort or inconvenience; others continue to be in so much pain that it can cause them
to discontinue treatment [5]. This feeling of discomfort could impact the quality of
life of patients and their cooperation. Also, for some patients, factors such as comfort
and pain during orthodontic treatment are as important as esthetic considerations.
In most cases, the quality of information given to patients about the likely discom-
fort during orthodontic treatment is somewhat satisfactory, though many patients
complain that they are not well informed before the onset of treatment [5].

Previous studies have investigated orthodontics pain and its components for each
system there is a dearth of studies that have compared the character and type of pain
experienced in qualitative and descriptive terms between the different options used in
orthodontics, i.e., conventional appliances, self-ligating appliances, and aligners.

Against this background, the aim of this study was two-fold: First, to compare the
perception of pain experienced by patients treated with conventional brackets, self-
ligating brackets, and those treated with aligners. Second, to investigate the impact
that pain had on their daily lives.

2. The perception of pain experienced by patients treated with
conventional braces, self-ligating braces, and those treated with aligners

2.1 Patients and methods

A cross-sectional stud was performed to compare the perception of pain between
patients treated with self-ligating fixed appliances and those treated with aligners
treated at both the Department of Orthodontics at Casablanca Ibn Rochd University
Hospital, and at a private orthodontic office. The study lasted 4 months (November
2019-February 2020). All the patients underwent orthodontic treatment for a period
exceeding 2 months, the chief complaint was purely aesthetic and all patients were
in class I dento-maxillary disharmony. In relation to our inclusion criteria, we have
chosen patients in the process of treatment, avoiding patients at the beginning of
treatment where adaptation is not yet established, as well as patients at the end of
treatment, as they may be accustomed to their orthodontic appliances.

Exclusion criteria included patients under 8 years of age, those at the beginning of
treatment or less than 2 months or at the end of treatment, and those with no medical
contraindications or the presence of systemic diseases that influence pain perception
(including nervous system disorders).

The study group consisted of 346 consecutive patients: 115 treated with conven-
tional brackets. 112 were treated with self-ligating brackets and 119 were treated with
aligners.

The data collection tool was a self-made questionnaire consisting of the socio-
economic characteristics of patients, the type of appliance worn, and temporal
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characteristics of pain during the week of activation, qualitative factors influencing
pain after activation, actors influencing pain during the week of activation, the
impact of pain on the patient’s daily, professional and school life, the patient’s attitude
to pain, the most distressing element during the treatment stages. The patients were
informed about the purpose of the study, and verbal consent was obtained.

The quantitative aspect of the pain was assessed using the Visual Analogue Scale
(VAS). The scale used is a graduated ruler whose extremities represent the absence
of pain 0 and the maximum imaginable pain 10. The VAS scale was presented to the
patients by the operator after explaining the instructions for use, in two stages: After
the activation appointment and during the week that followed.

To evaluate the qualitative aspect of pain, we used the M-SF-MPQ “the Moroccan
Short Form of McGill Pain questionnaire” [6], previously translated from English and
culturally adapted and validated in Moroccan Arabic.

Data were analyzed using SPSS statistical 16.0 software. The comparison of pain
perception between the different types of systems was done using the Chi-square test,
or Fischer’s exact test when the theoretical numbers were low. The comparison of pain
intensity according to the VAS score was carried out using the Kruskal Wallis test.

2.2 Results

Table 1 contains the age distribution of our sample. The dominant age range for
each type of appliance was: 16-25 years, 58 patients (50.4%) for conventional brack-
ets, 8-15 years, 62 patients (55.4%) for self-ligating brackets, and more than 25 years
71 patients (59.7%) for Aligners. The statistical association between age group and
type of appliance was significant (p<0.001). Of 346 patients, 137 (39.6%) were male
and 209 were female (60.4%). We noted that the female gender was the most domi-
nant in the three groups, respectively: 63 patients (54.8% with the conventional brace,
60 patients (53.6%) with self-ligating braces, and 86 patients (72.3%) with aligners:
The statistical association between gender and the type of appliance was significant
(p<0.001) (Table 2).

The socio-economic level in the sample was high in 63%, medium in 24.6%, and
low in 12.4%. The association between socioeconomic level and the type of appliance
used was statistically significant (p<0.001) (Table 3).

With respect to the duration of treatment, for 87 patients (25.1%) the beginning
of treatment ranged between 2 and 8 months ago, and 259 patients (74.9%) started
treatment more than 8 months ago. The comparison between the duration of treat-
ment and the type of appliance used was statistically significant (p<0.001).

Conventional Self-ligating Aligner The whole
brackets
Age group (years) N % N % N % N %
8-15 45 391 62 55.4 17 143 124 35.8
16-25 58 50.4 39 34.8 31 26.1 128 37
>25 12 104 11 9.8 71 59.7 94 272
P<0.001

Table 1.
Distribution of the sample by age group according to the type of appliance used.
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Conventional brackets Self-ligating Aligner The whole
Gender N % N % N % N %
Male 52 45.2 52 464 33 277 137 396
Female 63 54.8 60 53.6 86 723 209 60.4
P<0.001

Table 2.
Distribution of the sample by gender according to the type of appliance used.

Socio-economic Conventional brackets Self-ligating Aligner The whole
status N % N % N % N %
High 35 304 94 839 89 74.8 218 63
Medium 43 374 16 14.3 26 218 85 24.6
Low 37 322 2 18 4 34 43 124
P<0.001
Table 3.

Distribution of the sample by the socio-economic status according to the type of appliance used.

The vulnerability to pain showed that 295 patients (85.3%) were able to tolerate
pain, while 51 patients (14.7%) could not tolerate pain. The statistical correlation
between pain vulnerability and the type of appliance used was significant, (p<0.001)
(Table 4).

As for pain conditioning, 262 patients (75.7%) already knew someone who had
undergone orthodontic treatment, 176 (66.18%) of which reported that this person
had experienced pain. Only 84 patients 24.3%. did not know a person, who had
received orthodontic treatment. The statistical correlation between the knowledge of
a person who underwent orthodontic treatment and the type of appliance used was
significant (p<0.001).

303 patients reported pain after orthodontic activation, representing 87.6% of the
total sample. The statistical association between the presence of pain after activation
and the type of appliance was significant (p<0.001) (Table 5). The intensity of this
pain after activation had an average of 6 for conventional and self-ligating braces and
3 for aligners. Despite this intensity, 297 patients (85.8%) reported a reduction in pain
the week following the activation. 106 patients (92.2%) with conventional braces,
101 patients (90.2%) with self-ligating braces, and 90 patients (75.6%) with aligners
reported a decrease in pain the week following activation. The statistical association

Vulnerability to Conventional Self-ligating Aligner The whole
pain brackets
N % N % N % N %
Cannot tolerate 17 14.8 15 134 19 16 51 14.7
Can tolerate 98 85.2 97 86.6 100 84 295 85.3
P<0.001
Table 4.

Distribution of the sample according to vulnerability to pain by type of appliance.
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Pain Conventional brackets Self-ligating Aligner The whole
N % N % N % N %
No 3 26 11 9.8 29 24.4 43 124
Yes 112 974 101 90.2 90 75.6 303 876
P<0.001
Table 5.

Distribution of the sample according to the presence of pain after activation.

between pain reduction in the week following the activation appointment and the
type of appliance was significant (p<0.001). During the second week, we found a
median of 2, a minimum value of 0, and a maximum of 8 for conventional braces,
amedian of 0 and a maximum value of 8 for self-ligating, and a median of 0 and a
maximum value of 7 for aligners.

The qualitative aspects of pain for the three types of orthodontic appliances
are outlined in Table 6. The association of the different qualitative aspects of pain
according to the type of appliance was statistically significant (p<0.001).

Table 7 presents the distribution of the sample according to the most painful
aspect during orthodontic treatment according to the type of appliance used. The
statistical correlation between the most distressing aspect during orthodontic treat-
ment and the type of appliance was significant (p<0.001). Patients’ reactions to pain
after activation, at 24 hours, after 3 days, and at one week are reported in Table 8.

2.3 Discussion

The aim of this study was to compare the pain perception of patients treated
during orthodontic alignment with three different orthodontic appliance types.

The results showed that the aligner system was less painful than the vestibular fixed
appliances. There were minor differences in the reported pain intensity between
conventional and self-ligating systems. Analgesics were mostly used by patients who
reported severe pain. Despite the pain experienced by different patients, there was
no impact on their quality of life, except for eating and chewing, where the aligners
group showed promising results.

Several studies have analyzed the pain levels experienced with different types of
brackets. In most of these studies, it was estimated that appliance-related pain was
higher for the first 24 hours—3 days of appliance activation, then decreased to low
levels within 5-6 days [4]. Scheurer et, al. [7] reported a trend of high pain within
2 days of appliance activation and a trend of pain relief after 5 days. This trend
was confirmed in this study. The pain was higher after activation and significantly
decreased within 3 days, then to zero within 7 days. Tecco et al. [3] suggested that
regardless of the type of fixed appliance used (conventional or self-ligating), the
highest intensity of pain was reported in the first two to three days after the initial
activation of the appliance. Fleming et al. [8] confirmed that the subjective experi-
ence of pain at 4 hours, 24 hours, 3 days, and 7 days after placement of a fixed
orthodontic appliance was independent of bracket type. Johal et al. [4] found a slight
reduction in pain scores as the orthodontic therapy went on, although these differ-
ences were not statistically significant. Nevertheless, this suggests that orthodontic
pain may decrease in intensity during treatment, or may reflect some degree of
adaptation to discomfort.
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Aspect of pain Conventional Self-ligating Aligner The whole
brackets
N % N % N % N %
THROBBING ¢35
No 49 426 71 63.4 92 773 212 613
Yes 66 574 41 36.6 27 22.7 134 387

SHOOTING sl Jlows w8

No 62 53.9 87 777 105 88,2 254 734

Yes 53 46.1 25 223 14 11.8 92 26.6

STABBING jzusl Jus dishl Jlo

No 93 80.9 89 79.5 107 89.9 289 83.5
Yes 22 191 23 20.5 12 10.1 57 16.5
SHARP .l

No 60 52.2 77 68.8 98 824 235 679
Yes 55 47.8 35 31.2 21 176 111 321
CRAMPING ,;5»

No 7 6.1 12 10.7 13 10.9 32 9.2
Yes 108 939 100 89.3 106 891 314 90.8
GNAWING ssts

No 85 739 97 86.6 103 86.6 285 824
Yes 30 26.1 15 134 16 134 61 176
HOT BURNING G, 3,00

No 60 522 85 759 110 924 255 737
Yes 55 47.8 27 241 9 76 91 263
ACHING Jis

No 28 24.3 27 241 63 529 118 34.1
Yes 87 757 85 75.9 56 471 228 65.9
HEAVY s

No 78 67.8 76 67.9 88 739 242 69.9
Yes 37 322 36 321 31 261 104 30.1
TENDER Gaas

No 72 62.6 61 54.5 68 571 201 581
Yes 43 374 51 45.5 51 429 145 419
SPLITTING ghss

No 78 67.8 77 68.8 94 79 249 72
Yes 37 322 35 31.2 25 21 97 28

TIRING-EXHAUSTING s

No 77 67 85 75.9 109 91.6 271 783

Yes 38 33 27 241 10 84 75 217
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SICKENING 5.5

No 83 722 75 67 90 756 248 717
Yes 2 278 37 33 29 24.4 98 283
FEARFUL i

No 101 878 95 84.8 117 983 313 90.5
Yes 14 122 17 152 2 17 33 95

PUNISHING-CRUEL Gty Qass

No 64 55.7 74 66.1 107 89.9 245 70.8
Yes 51 443 38 339 12 10.1 101 29.2
P<0.001
Table 6.

Distribution of the sample according to the qualitative aspect of pain.

Conventional Self-ligating Aligner The whole
brackets

Painful N % N % N % N %
aspects
Pain
No 51 44.30 54 48.20 99 83.20 204 59.00
Yes 64 55.70 58 51.80 20 16.80 142 41.00
Aesthetics
No 94 81.70 85 75.90 93 78.20 272 78.60
Yes 21 18.30 27 24.10 26 21.80 74 21.40
Brushing
No 87 75.70 81 7230 95 79.80 263 76.00
Yes 28 24.30 31 2770 24 20.20 83 24.00
Discomfort
No 48 41.70 60 53.60 72 60.50 180 52.00
Yes 67 58.30 52 46.40 47 39.50 166 48.00

The volume of the appliance

No 88 76.50 94 83.90 109 91.60 291 84.10
Yes 27 23.50 18 16.10 10 8.40 55 1590
Bad taste

No 103 89.60 101 90.20 111 93.30 315 91.00
Yes 12 10.40 1 9.80 8 6.70 31 9.00
Not being able to eat

No 48 4170 71 63.40 76 63.90 195 56.40
Yes 67 58.30 41 36.60 43 36.10 151 43.60

P<0.001
Table7.

Distribution of the sample according to the most painful aspect during orthodontic treatment according to the type
of appliance.
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Conventional Self-ligating Aligner The whole
brackets
Patient’s N % N % N % N %
attitude
After activation
Abstention 78 67.80 84 75.00 108 90.80 270 78.00
Self-medication 31 27.00 28 25.00 7 5.90 66 19.10
Consult your 5 4.30 0 0.00 3 2.50 8 2.30
orthodontist
Consult another 1 0.90 0 0.00 1 0.80 2 0.60
practitioner
P=0
After 24 hours
Abstention 105 91.30 106 94.60 116 97.50 327 94.50
Self-medication 8 7.00 6 5.40 2 1.70 16 4.60
Consult your 2 170 0 0.00 1 0.80 3 0.90
orthodontist
Consult another 0 0.00 0 0.00 0 0.00 0 0.00
practitioner
P-=0.136
After 3 days
Abstention 113 98.30 112 100.00 117 98.30 342 98.80
Self-medication 1 0.90 0 0.00 1 0.80 2 0.60
Consult your 1 0.90 0 0.00 1 0.80 2 0.60
orthodontist
Consult another 0 0.00 0 0.00 0 0.00 0 0.00
practitioner
P=1
After 7 days
Abstention 114 99.10 112 100.00 119 100.00 345 99.70
Self-medication 0 0.00 0 0.00 0 0.00 0 0.00
Consult your 1 0.90 0 0.00 0 0.00 1 0.30
orthodontist
Consult another 0 0.00 0 0.00 0 0.00 0 0.00
practitioner
P=0.656
Table 8.

Patients’ reaction to pain according to the type of appliance used.

White et al. [9] showed that discomfort after the first and second monthly adjust-
ments was also consistently lower for the aligner than for conventional treatment.
For both groups, the levels of discomfort reported at subsequent adjustments reached
lower levels than after the initial placement, or when the aligner was first worn.

Patients treated with self-ligating brackets reported significantly less pain than
those treated with conventional brackets. These results were consistent with a study
conducted by Pringle et al. [10] who reported that the self-ligating appliance (Damon
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3, Ormco) resulted in lower pain intensity, on average, compared to the conventional
appliance (Tru Straight, Ormco Europe, Amersfoort, The Netherlands). However,
Fleming et al. [8] found that significant discomfort was experienced during the inser-
tion and removal of the archwire with the self-ligating device (SmartClip) compared
to the conventional system (Victory). Other studies pointed out that there was no sta-
tistically significant difference in perceived discomfort levels between the two types
of system, namely Damon3 and Synthesis [11] and SmartClipTM and Victory [12].

After activation, patients in the conventional brackets group reported more pain
than those in the aligner group. This is in agreement with the results reported in
White et al. [9] who maintained that conventional appliances produced significantly
more discomfort than aligners. Fujiyama et al [13] noted that patients experienced
less pain with Invisalign treatment than with conventional appliances during treat-
ment. Shalish et al. [14] indicated that the results were opposite to those found previ-
ously. A greater proportion of patients treated with Invisalign aligners reported more
severe pain than did vestibularly treated patients.

In this study, the pain experienced after wearing aligners was lower than that
experienced by patients with self-ligating appliances. This finding was consistent
with a study by Almasoud [15] who reported that during the first week of orthodontic
treatment, patients treated with Invisalign experienced less pain than those treated
with a passive self-ligating system. Similarly, in a systematic review, Cardoso et al.;
[16] concluded that patients treated with Invisalign seemed to experience lower levels
of pain than those treated with fixed appliances during the first days of treatment,
and no difference was reported in the next 3 months. In fact, patients treated with
aligners reported lower pain levels for a longer period of time, as the fixed appliance
was activated once a month and the aligners were changed every 15 days.

The M-SF-MPQ is a very reliable tool for measuring pain in its two sensory and
affective components [7]. The use of this criterion makes it possible to establish a
comparative profile of the quality of the pain experienced by each group. It was noted
that in all 3 systems, the sensory description “cramping ,;;.” was most reported by
all patients in all 3 groups. Comparisons revealed that sensory and affective descrip-
tors were used more in patients in the conventional group, than in the self-ligating
or aligner group. Overall, patients in the conventional group identified 6 sensory
descriptors, and those in the following descending order: ‘cramping ., ‘aching
oL} ‘throbbing ¢s;5’, ‘sharp s, ‘hot burning ui; 3,-s" and ‘shooting ssl Jis G,es”. In
contrast, patients in the self-ligating and aligner system identified 3 sensory descrip-
tors: ‘cramping ,,;.” followed by ‘aching «15” and ‘tender i.s>”. However, the propor-
tion of subjects in each group who selected the descriptors was consistently lower
in the aligner group than in the self-ligating group. For effective components, the
self-ligating and aligner systems did not really raise this aspect of pain, while for the
conventional system the most used description was “punishing-cruel i;; wu=s” Tecco
etal. [3] reported that the other two pain descriptors “shooting” and “dull” were used
to a lesser extent. Whereas in Bergius et als study [17], the terms “shooting” and
“dull” were never used to describe the pain of their patients.

This study showed that tooth brushing could cause pain in patients with fixed
appliances. Although the pain was generally minimal, it was experienced by a greater
proportion of the sample in the conventional group than in the self-ligating group.
However, patients in the aligner group reported almost no discomfort when brushing.
The results of the Rakhshan et al. study [17] indicated that tooth brushing mainly
induced mild pain. This result was consistent with other studies which suggested that
orthodontic pain may have a negative effect on oral hygiene [18, 19].
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Pain intensity scores and their impact on daily work/school activities had a
minimal effect that peaked at a 24-hour period. In the following days, the number of
patients reporting such an effect decreased. Scheurer et al. [7] found that the inser-
tion of fixed appliances seemed to have only a minor effect on the patients’ daily life.
This is consistent with our results. Shalish et al. [14] noted that the levels of distur-
bance in oral symptoms and general activities with Invisalign were similar to those
of patients with fixed appliances. In contrast, Miller et al. [20] found that the fixed
appliance group reported more negative impact than the Invisalign group.

A correlation between pain intensity scores and analgesic use was also observed.
In general, analgesics were mostly used by patients who reported more severe pain.
In this study, a large proportion of patients did not use medication, as reported in
Firestone [21] and Bergius’s studies [22]. During orthodontic treatment, analgesic
consumption differs according to the period of treatment. Wu et al [23] noted that
analgesics were used more frequently during the initial phases of treatment, when
pain intensity was highest, supporting the hypothesis that the pain experienced later
in orthodontic treatment was relatively low. In our study, after activation, 27% of
the patients treated with conventional appliances, 25% of the patients treated with a
self-ligating system, and 5.9% treated with aligners used medication after activation.
A small percentage of patients used analgesics at 24 hours and 3 days. These patients
mainly took paracetamol and a few used non-steroidal anti-inflammatory drugs
(ibuprofene) to relieve pain. Most patients used self-medication. Scheurer et al. [7]
stated that perceived pain and analgesic consumption would decrease if the patient
were effectively informed of the discomfort in advance.

At the end of this chapter, we are aware that our study was a descriptive study with
significant selection bias with respect to the confounding factors of need for orth-
odontic treatment, stage of treatment, age, and undetectable susceptibility to pain
and even to orthodontic treatment. A cohort study with three groups benefiting from
the three therapeutic choices, taking into account age, gender, type of malocclusion,
and facial typology, is the following step to move to observational studies for more
epidemiological inference.

3. Conclusion

Orthodontic treatment creates pain at different stages, which seems to be particu-
larly intense at the beginning of treatment and tends to diminish during the course
of treatment. Its intensity and duration may be influenced by the type of appliance
worn. The results of this study showed that the aligner system was less painful than
fixed brackets. There were only minor differences in the reported pain intensity
between the conventional and self-ligating appliances. This pain was characterized in
all 3 systems by the descriptors “cramping ,,;.” and “Aaching Jis”

The daily quality of life of patients treated with aligners was, therefore, better
than that of patients treated with fixed appliances. The consumption of analgesics,
correlated with the intensity of the pain experienced. Depending on the patient’s pain
threshold and psychological profile, clinicians should consider prescribing analgesics
to alleviate patients’ unpleasant experiences.

These observations can be used in clinical situations by informing patients in
advance of a specific complaint associated with a particular type of device and will
give practitioners and patients additional information that can be used when choosing
the type of device. This can help reduce negative experiences of therapy and increase
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patients’ confidence in their orthodontist. Pain is not inevitable, it can be prevented
and treated as well as possible.
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Chapter 13

Effects of Various Dentofacial
Orthopedic and Orthognathic
Treatment Modalities on
Pharyngeal Airway

Tejashvi Pradhan and Aarti Sethia

Abstract

The function of respiration is highly relevant to orthodontic diagnosis and
treatment planning. Significant relationships between pharyngeal, craniofacial as well
as dentofacial structures have been reported in several studies. Many authors have
emphasized that mouth breathing is concomitantly associated with constricted airway
causing obstructive sleep apnoea. Associated symptoms can be cured with correction
of either skeletal or dental problems or both. Therefore it would be very intriguing
to understand and interpret the airway during diagnosis and treatment planning for
a clear view of changes in the airway dimensions during the course of orthodontic
treatment using various treatment modalities. Therefore a complete understanding
of the concept of airway should be considered as an important one. This chapter gives
us an insight to the intricate detailing on how the various orthodontic and dentofacial
orthopedic treatment signifies the changes in the dimensions of pharyngeal airway.

Keywords: pharyngeal airway, skeletal changes, dental changes, functional appliances,
Orthognatic surgeries, expansion

1. Introduction

Orthodontia being one of its kind specialty has always aimed at correcting the
dento-facial esthetics which involves achievement of: ideal jaw relationship, normal
oral function, proximal and occlusal contact of teeth. But the core aspect of func-
tion and performance has been taken up by the function of respiration or breathing
which in fact is the top most important function for humans. The synchrony of ideal
health and facial development is based on accurate posture of tongue and nasal
breathing. Therefore the recent protocols be it Preventive, interceptive or corrective
orthodontics, factoring the dire need of pharyngeal airway space improvement in
addition to improvement in smile and facial appearance [1].

Today Orthodontists play a very crucial and integral role in the interdisciplinary
team management of airway and sleep related disorders. Commencement of Sleep
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Figure 1.
Anatomy of the pharyngeal airway space.

Medicine as a speciality has brought about a very clear understanding of transforma-
tive or developmental biology, medicine; the jaw size and its spatial orientation has
surfaced as the important factor of optimizing upper airway physiology. Airway
passage, type of breathing and craniofacial formation are so interconnected during
growth and development that form follows the function and function follows the
form [2]. So the specialty of orthodontics,is well balanced to treat ideally form and
function both in children and adults so that the function is optimized for life. The
conventional treatment in orthodontics has always priortised primarily on teeth
esthetics. This method, seldom addresses symptoms and as a result the airway is
ignored. Therefore it is necessary to focus more at physiologic adaptations and its
muscle to resolve sleep disordered breathing [3].

The nasal airway analysis requires adequate anatomical dimensions for the overall
pharyngeal airway space [4]. Oral breathing in relation to nasal obstruction is a well
known entity among orthodontic patients [5]. Obstruction of nasopharyngeal path-
way is associated with various craniofacial features, such as backward and upward
growth of condyle, backward and downward rotation of mandible, divergent gonial
angle, anterior open bite and spacing w.r.t mandibular anteriors [6]. The eradication
of respiratory obstruction and aquiring adequate functional nasal breathing with pre-
cise patterns of swallowing boosts the stability and functional balance of orthodontic
treatment (Figure 1) [7, 8].

2. Anatomy of airway

The airway, or respiratory tract, describes its organs that allow airflow during
ventilation. They pass through the nares and buccal opening till the blind end of the
alveolar sacs. This respiratory tract is subdivided into different regions and various
organs and tissues to perform specific functions. The airway passage is subdivided
into the upper and lower airway, each of which has numerous compartments.
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The pharynx is the mucosal lined portion of the airway that is situated between the
base of the skull and the esophagus. It is subdivided as follows:

* Nasopharynx [rhino-pharynx], is the muscular tubular structure from the nares,
including the posterior nasal cavity, that divides from the oropharynx by the
palate and lining the skull base superiorly.

* Oro-pharynx is the region that joins the nasopharynx and hypopharynx. It is
the region situated between the palate and the hyoid bone, which anteriorly gets
divided from the oral cavity by the tonsillar arch.

* Hypopharynx is the region which connects the oropharynx to the esophagus and
the larynx, the region of pharynx below the hyoid bone.

Boundary between nasopharynx and oropharynx is known as soft palate, similarly
the boundary between the oropharynx and laryngopharynx is the epiglottis. The soft
palate is dangled at the posterior corner of the hard palate, and its top and bottom
are comprises of the mucosal tissues. The centre portion of the soft palate includes
muscles, aponeurosis, blood vessels, nerves, lymph and mucosal tissues. During the
process of deglutition and injestion, the soft palate develops postero-superiorly and
separates the nasopharynx and oropharynx. The mandible is interconnected to the
hyoid bone, tongue, and soft palate by the strong musculature. Therefore, the location
of the mandible can affect the size of the pharyngeal airway space.

3. Pharyngeal airway space (PAS)
Pharyngeal airway space is divided into three compartments: (Figure 2).

Upper pharyngeal width (UPW): Its is the smallest distance between the posterior
border of the soft palate to the nearest point on the posterior pharyngeal wall.

\{ 1. upper

~ _J=zpharyngeal width

2. middle
pharyngeal width

AT~
2]l

Figure 2.
Various compartments of the pharyngeal airway space [9].
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Middle pharyngeal width (MPW): It is the smallest distance between the posterior
borders of the tongue to the nearest point on the posterior pharyngeal wall, through
the tip of the soft palate.

Lower pharyngeal width (LPW): It is the smallest distance from the intersection of
posterior border of tongue and inferior border of the mandible to the closest point on
the posterior pharyngeal wall.

Normal upper pharyngeal airway space is 15-20 mm while middle and lower
pharyngeal airway (LPA) space is 11-14 mm [9].

Literature supports the hypothesis that mandibular deficiency is analogous to a
narrower PAS. It is generally observed that a retrognathic mandible and reduced space
between the cranial column and the corpus of the mandible often leads to a posteri-
orly placed tongue and soft palate, which inturn increases the chances of impaired
respiratory function and possibly causing nocturnal breathing problems. Alterations
in PAS have been described with various sleeping disorders such as obstructive sleep
apnea. Advancement and setback surgeries are standard procedures for the correction
of mandibular position whether its retrognathism and prognathism, respectively.
Operation for the mandibular deformity changes hard and soft tissue components,
including the PAS [10].

4. Diagnosis

Malocclusion can be perceived in several ways which more likely includes patients
with enlarged adenoids, obstructive sleep apnoea (OSA), snoring and clefts. The rela-
tion between respiratory pattern and form of malocclusion is still disputed. Patients
with craniofacial disorders including a short cranial base, reduction in the cranial
base angle, bimaxillary retrusion, and retrognathic mandibles show common finding
of narrow airways [11].

5. Various methods for assessment

The methods described to assess the airway include: nasal endoscopy,
rhinomanometry, acoustic rhinomanometry, cephalometry, computed tomog-
raphy (CT), magnetic resonance imaging (MRI) and cone-beam computed
tomography (CBCT).

6. Two dimensional versus three dimensional imaging

Lateral cephalograms can provide us with useful, credible and replicable airway
measurements while minimizing patient costs and radiation exposure. Studies have
shown that while cephalometric measurements provide two-dimensional data,
cephalometry is a reliable method for airway assessment and adenoid size estima-
tion [12]. Another comparative study to assess the linear measurements with lateral
cephalograms and CBCT was carried out and the conclusions drawn: that airway
linear measurements are reliable, with both lateral cephalograms and CBCT recon-
struction, as there is a positive correlation with the respective area measurements on
axial slices [13].
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7. Changes in pharyngeal airway space using functional appliance therapy

In 1934, Pierre Robin proposed that use of an intraoral appliance helps in bring-
ing the lower jaw forward in newborns with mandibular deficiency. This helps in
preventing the posterior relocation of the tongue during sleep and the occurrence of
oropharyngeal collapse [14]. This concept is now often used in adult obstructive sleep
apnea (OSA) patients to avoid an upper airway collapse during sleep with the help of
various myofunctional appliances [15]. Moreover, the idea to relocate the mandible

anteriorly is applied in dentofacial orthopedics by the use of various myofunctional
appliances which helps in stimulating mandibular growth in skeletal Class II growing
patients with mandibular deficiency [16]. Several authors have hypothesized that the
functional orthopedic treatment of growing patients with short mandibles may lead
to increased oropharyngeal airway dimensions, and some have suggested a possible
reduction in the risk of future respiratory problems (Figures 3 and 4) [17-20].

Figure 3.
Two dimensional lateral cephalometric evaluation versus three dimensional CBCT evaluation.
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Figure 4.
Changes in the dimension of pharyngeal aiway width using functional appliance therpy [9].
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8. Effect of various functional appliances on pharyngeal airway

Twin block is considered to be one of the most patient compliant myofunctional
appliance. Therefore prominent results can be drawn with this appliance [21].
According to Jena et al. [21] when twin block was compared with Mandibular pro-
traction appliance MPA, the improvement of oropharynx dimension by twin-block
appliance was significantly more. Another study showed significant increase in
the dimensions of nasopharynx, oropharynx and hypopharynx following twin-
block treatment [22]. Although the growth itself had very minor contribution in
the improvement of oropharyngeal dimension, but the advancement of mandible
through myofunctional orthopedic correction was evidentally beneficial. The anterior
relocation of mandible by the functional appliances places the tongue more forward
and thus increases the overall dimension of oropharynx [23]. The improvement in
the dimension of oropharynx was more with removable functional appliance (twin
block) compared to fixed functional appliance [21, 24]. An increase in oropharyngeal
volume was found after functional appliance treatment in Class II patients, leading to
an increase in final volume of the upper airway.

Forsus Fatigue Resistence Device (FFRD) brought about improvement in the
oropharyngeal airway significantly when compared the untreated subjects. Post treat-
ment, the mean values of Superior Pharyngeal Space and Middle Pharyngeal Space
increased by 1.06 mm and 1.28 mm respectively in the FFRD group. Aksu et al. [25]
measured the airway space equivalent to the depth of hypopharynx andconcluded
that there was no significant improvement in the width of hypopharynx. Bavbek
et al. [26] measured CV3 projection in FFRD group and control group and found that
FFRD did not increase the hypopharyngeal width. Whereas the other three studies
had not measured the hypopharyngeal airway dimension.

The following were the conclusions drawn from the systematic review [27]:

Functional appliances help in improving the pharyngeal airway dimensions in Class
I malocclusion subjects with retrognathic mandibles. But it is also evident that
minimum effect on nasopharyngeal airway passage and the minor improvement is
mainly due to growth. Improvement of ovopharyngeal airway passage dimensions is
a very prominent effects of functional appliance treatment. Removable functional
appliance prove to be more efficient than fixed functional appliance in the improve-
ment of positive airway pressure (PAP) dimension.

9. Hyoid bone and tongue position with changes in pharyngeal
airway space

The results obtained by treatment with functionalappliances are mainly dento-
alveolar in nature, there ishowever a significant modification of the oropharyngeal
airway dimension is observed in most of the studies. Hypothesiscould be presumed
that, the dentoalveolar modifications occurringafter functional appliance treatment,
guides the tongue to amore forward position, enlarging theposterior airway space
(PAS). Therefore, it can be said that forward positioningof the tongue is part of a
planned surgical strategywhen treatment of sleep disordered breathing is needed.
Changes observed in the hyoid bone distance are moreprominent horizontally than
that in the vertical direction [27].

The conclusions drawn with respect to hyoid bone position are as follows:
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Hyoid bone is found to be posteriorly and superiorly placed in patients with
Class II skeletal malocclusion when compared to Class III and Class I skeletal cases.
The hyoid bone position in males is foundto be more inferiorly and anteriorly when
compared to females. Also the anterior cranial base is very strongly related to the
nasal fossa length and a moderately related to positive correlation with the hyoid
bone vertical position and lower airway width. The hyoid bone vertical position had a
strong positive correlation with the length of the nasal fossa [4].

10. Changes in pharyngeal airway space with various surgical
procedures

Orthognathic surgery is a common method to treat dentofacial deformities. It
changes the position of facial skeletal structures and also affects the morphology of
the pharynx drastically. Structures such as soft palate, tongue, hyoid bone and some
surrounding tissues are attached directly or indirectly to the maxilla and mandible,
therefore any desired movement of the jaws by orthognathic surgery affects these
tissues, causing changes in the dimensions of the pharyngeal area [28].

11. Mandibular set back surgery

In a thesis by Jain et al. [29], statistically significant increase in the nasopoha-
ryngeal airway dimension was observed. This finding has also been reported by
Kitagawara et al. [30] and has been explained as a biological adaptation against
postoperative swelling and edema, and for airway maintenance. It is a compensatory
mechanism after the hypopharyngeal airway collapses. According to Susarla et al.
[31], the upper airway length (UAL) contributes to resistance to airflow. Longer
airways have more resistance to airflow than shorter airways [31].

12. Bimaxillary surgeries

Chen et al. [32] found that patients undergoing bimaxillary surgery had changes
at the three levels, with increase at the nasopharynx and decreases at the oropharynx
and hypopharynx. Bimaxillary operations mostly decrease the narrowing effect of the
mandibular setback operations [33]. This indicates that Upper Airway Length increases
along with narrowing of the airway, in patients who undergo bimaxillary surgery.

13. Mandibular advancement
Statistically significant increase in the oropharyngeal and hypopharyngel airway
dimension was observed according to Jain et al. [29] and Turnbull et al. [34].

14. Pharyngeal airway in cleft lip and palate patients

Cleft patient presents more frequently with large adenoids than do the non-cleft
population. This has been regarded as a compensatory phenomenon to decrease the
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pharyngeal depth and make velopharyngeal competence possible. After palatal opera-
tion, soft tissue is sometime short and scarred and frequently the uvula is missing,
tissue deficit results in incompetence to velopharyngeal sphincter mechanism.

Gohilot et al. [35] in a study noted that adenoidal tissue size was larger in the
juvenile and adolescent cleft group as compared to the adolescent cleft group and
airway passage was decreased in juvenile subjects. The thickness of adenoidal tissues
decreases with age in both subjects with and without CLP. Conversely, the upper
airway dimensions increase in those with and without CLP.

15. Effect of expansion on pharyngeal airway

Iwasaki et al. [36] evaluated the effect of rapid maxillary expansion (RME)
on nasal airway ventilation condition, tongue posture, and pharyngeal airway
volume. They found that RME enlarges the pharyngeal airway bothways with and
without improvement in nasal obstruction. Another study by Malkog et al. [37]
derived that expansion does not cause any significant change in the dimension of
pharyngeal airway.

16. Cervical spine posture

Various researchers have been taking prime interest in finding the correlation
between the cervical spine posture, head position and pharyngeal airway space, but
significant evidence still needs to be procured through proper research.

17. Effect of different growth patterns on pharyngeal airway

A study by Kocakara et al. [38] showed that, the pharyngeal airway dimensions
and hyoid bone position are similar in individuals in the sagittal direction. The
vertical airway length is significantly shorter in Class III patients with hypodivergent
patterns. Another study by Ucar et al. [39] concluded that the nasopharyngeal airway
space and upper pharyngeal airway space in Class I subjects is larger in low angle cases
than in high angle cases.

18. Conclusions

Impactful evaluation of orthodontic treatment on the pharyngeal airway dimen-
sions is considered one of the prime aspects of orthodontic diagnosis and treatment
planning. The protocol helps in emboldening the impersonation of what the nature
had planned i.e. by fitting all the teeth early enough through various habit breaking
appliances, expansion appliances, and functional jaw orthopedics. Although maxillo-
mandibular advancement surgeries are very well known to improve the airway
dimensions along with improvement in dento-facial esthetics. But the hypothetical
percentage of cases undergoing this beneficial modality is far less due to its invasive
nature. Although Orthodontia at the present juncture, recognizes the importance
of evaluating and treating airway, sleep disorders, there are yet tremendous scope
untouched.
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Abstract

Obstructive sleep apnea (OSA) is a serious public health problem that has
important impacts on the quality and life expectancy of affected individuals. It
is characterized by repetitive upper airway collapse during sleep. OSA requires a
multidisciplinary plan of treatment. There is increasing interest in the role of the
orthodontist both in screening for adult obstructive sleep apnea and its management.
Dental appliances and orthognathic surgery are two strategies that are currently used
in the treatment of sleep apnea. This chapter focuses on the orthodontic management
of sleep apnea in adults through three clinical cases with varying degrees of severity
of sleep apnea. It provides a background on OSA treatment approaches and discusses
the potential risks and benefits of each.

Keywords: adult sleep apnea, orthodontics, management, oral appliances,
orthognathic surgery

1. Introduction

Obstructive sleep apnea (OSA) is a common sleep disorder resulting from repeti-
tive narrowing and collapsing of the upper airway [1]. Its prevalence has increased
worldwide and affects about one in four men and one in 10 women [2]. OSA is
characterized by repeated episodes which lead to sleep fragmentation and oxygen
desaturation. Clinically, OSA is defined by the occurrence of daytime sleepiness, loud
snoring, witnessed breathing interruptions, or awakenings due to gasping or choking
[3, 4]. Polysomnography (PSG) is the gold standard for OSA diagnosis and it allows
to assess the apnea/hypopnea index (AHI) that is the expression of OSA severity [5].
The AHI is the mean number of sleep apneas and hypopneas per hour of sleep. The
American Academy of Sleep Medicine (AASM) defines mild OSAH as an AHI of 5-15
events per hour; moderate OSAH as 15-30 events per hour; and severe OSAH as an
AHI of greater than 30 events per hour [6].

The complexity of OSA is exemplified by its multifactorial etiology such as
craniofacial structures and neuromuscular tone [7]. Many risk factors are associated
with the occurrence of OSA: obesity (BMI > 35) with increased neck circumference,
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sleeping in the supine position, smoking, alcohol, type 2 diabetes, nasal obstruc-
tion (septal deviation and rhinitis), endocrine abnormalities (hypothyroidism and
acromegaly), genetics (family history of OSA), and menopause [8].

Untreated OSA is associated with a range of adverse health outcomes such as
cardiovascular diseases, cerebrovascular events, diabetes, and cognitive impairment
in addition to impaired quality of life [9, 10].

The treatments of OSA can range from weight loss to maxillomandibular advance-
ment. The treatment of choice is influenced by the etiology of the problem, but also
by its severity and the personal yearnings [2].

The orthodontist may play an important role in both screening for OSA and the
multidisciplinary management of OSA in adults. The contribution of orthodontists
to the study and treatment of respiratory disorders associated with sleep focus on
three aspects: the diagnosis of the structural changes often present in these diseases,
the treatment of mild to moderate forms using intraoral appliances, and presurgical
orthodontic treatment of patients programmed for orthognathic surgery [11]. This
chapter aimed to discuss, through three clinical cases, the role of the orthodontist in
the management of adult sleep apnea according to the severity of the disorder.

2. Casereports
2.1Casel

A 63-year-old female was referred to the Department of Dento-Facial Orthopedics
of the Dental Consultation and Treatment Center (CCTD) of the Ibn Rochd
University Hospital in Casablanca, Morocco. She was diagnosed with moderate OSA
based on polysomnography analysis that showed an apnea-hypopnea index (AHI) of
24. Her body mass index (BMI) was 32 kg/m”. She exhibited severe snoring and exces-
sive daytime sleepiness. She had no history of temporomandibular disorder.

Facial examination revealed a convex profile with protrusive upper lip, retruded
chin, and short throat length (Figure 1A). Intraoral examination revealed a full set
of teeth with maxillary anterior diastema, Class I molar and canine relationships,
shallow overbite, and an important overjet (Figure 1B). Lateral cephalometric
analysis showed skeletal Class II relationship with mandibular retrusion (SNB = 74°),
hyperdivergent vertical pattern (GoGn/Sn = 45°), proclined lower incisors as well as
low hyoid bone position, and narrow oropharyngeal airway space, particularly at the
retroglossal airway (Figure 1C).

The primary objective was to relieve the symptoms of OSA by using a mandibular
advancement device (MAD). The dental appliance chosen was the “KASPERSKY”
appliance which corrects the retroposition of the mandible and, consequently, reposi-
tions the tongue (Figure 2). Initially, the mandibular position of the MAD was preset
at 60% of maximal protrusion. Afterward, its position was advanced by 0.5-1 mm
every 1-2 weeks until the patient was satisfied with the symptoms. The anterior
interocclusal space was kept at 7 mm so that the oropharyngeal airway was opened
during sleep, as a result of the anterior displacement of the tongue and hyoid bone,
and in turn, the mouth was inhibited from opening wide. The device was worn over-
night for 4 months. Regular follow-up visits were conducted to check for any dental
problems or side effects (tissue and joint pain), device wear, and to make appropriate
adjustments to optimize the desired clinical effect. The patient was seen once every
6 months the first year and once annually afterward. The patient was very positive
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Figure 1.
(A) Pretreatment extraoral photographs: (a) frontal at vest and (b) profile. (B) Pretreatment intraoral
photographs: (a) right lateral, (b) frontal, and (c) left lateral. (C) Pretreatment lateral cephalogram.

Figure 2.
(A) “KASPERSKY?” appliance. (B) Intraoral photographs with the oral appliance: (a) right lateral, (b) frontal,
and (c) left lateral.
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about the treatment effects. Subjective improvement was noticed with the reported
absence of snoring, reduction of daytime sleepiness, and reduction of tiredness. A
subsequent sleep test revealed no evidence of OSA with an AHI = 2.5.

2.2 Case?2

A 35-year-old male presented to the Department of Dento-Facial Orthopedics of
the Dental Consultation and Treatment Center (CCTD) of the Ibn Rochd University
Hospital in Casablanca complaining of chronic loud snoring, restless sleep, and day-
time somnolence. His body mass index (BMI) was 27 kg/ m”. The diagnostic polysom-
nography (Figure 3D) revealed a severe OSA with AHI of 30 events/hour. The patient
was otherwise healthy and did not smoke nor drink.

Extraoral examination revealed a long symmetrical face, a convex profile with the
protrusive lower lip and retruded chin (Figure 3A). Intraoral examination showed
a full set of teeth except for the first lower left permanent molar, Class II canine
relationship in both sides, and right Class I molar relationship. A slight dental crowd-
ing in the upper arch was also noted (Figure 3B). Lateral cephalometric analysis
showed skeletal Class II relationship with mandibular retrognathia (decreased Sella-
Nasion-B point (SNB) angle of 70°), hyperdivergent vertical pattern (GoGn/Sn angle
of 55°), and proclined lower incisors as well as narrow oropharyngeal airway space
(Figure 3C).

Figure 3.

(A) Pretreatment extraoral photographs: (a) frontal at rest, (b) profile, and (c) frontal smiling. (B)
Pretreatment intraoral photographs: (a) right lateral, (b) frontal, and (c) left lateral. (C) Pretreatment lateral
cephalogram. (D) Pretreatment polysomnography.
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The primary objective was to relieve the symptoms of the severe OSA by man-
dibular and genioglossus advancement surgery. The presurgical orthodontic aimed to
decompensate the teeth within arches and to correlate both arches. A treatment plan
with the extraction of four premolars was set. After orthodontic preparation, a9 mm
mandibular advancement was performed by a bilateral sagittal split ramus osteotomy
using rigid bone plate fixation associated with advancing genioplasty.

The main outcome measures were assessed by the functional, occlusal, radio-
graphic, and esthetic changes achieved and also by a reduction in the AHI. A normal
over-jet and over-bite were established, the inferior pharyngeal airway space was
increased, and there was a profound esthetic profile enhancement (Figure 4). The
patient snoring and overall AHI significantly improved; he was more rested with easy
breathing.

2.3Case3

A 29-year-old male presented to the Department of Dento-Facial Orthopedics of
the Dental Consultation and Treatment Center (CCTD) of the Ibn Rochd University
Hospital in Casablanca for repetitive nocturnal apneas, gummy smile as well as
unesthetic profile. His body mass index (BMI) was 22.3 kg/m® The diagnostic poly-
somnography (Figure 5D) revealed a severe OSA with AHI of 54.4 events/hour. The
patient was otherwise healthy and neither smoke nor drink.

4
gm. T T Y

I | "IIE 1. ‘HL‘

futl

0
i

Figure 4.

(A) Posttreatment extraoral photographs: (a) frontal at vest, (b) profile, and (c) frontal smiling.

(B) Posttreatment intraoval photographs: (a) right lateral, (b) frontal, and (c) left lateral. (C) Posttreatment
lateral cephalogram. (D) Posttreatment polysomnography (Surgery performed by Professor Kadiri).
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Figure 5.

(A) Pretreatment extraoral photographs: (a) frontal at vest, (b) profile, and (c) lateral smiling. (B)
Pretreatment intraoral photographs: (a) right lateral, (b) frontal, and (c) left lateral. (C) Pretreatment lateral
cephalogram. (D) Pretreatment polysomnography.

The patient reported a previous orthodontic treatment that relapsed. The clinical
examination showed a long symmetrical face, a convex profile with lip incompetence,
retruded chin, and a very poor chin-neck contour (Figure 5A). Intraoral examination
revealed Class II canine and molar relationships in both sides, anterior open bite,
important overjet, and maxillary interincisal diastema (Figure 5B).

Lateral cephalometric analysis showed skeletal Class II relationship with mandibu-
lar retrognathia (decreased Sella-Nasion-B point (SNB) angle of 68°), hyperdivergent
vertical pattern (GoGn/Sn angle of 62°), proclined upper and lower incisors, as well
as narrow oropharyngeal airway space (Figure 5C).

The patient received combined orthodontic and surgical treatment of his skel-
etal malocclusion to advance the mandible, manage the retroglossal obstruction
and ensure an esthetically pleasing appearance. Presurgical orthodontic aimed to
decompensate the teeth within arches and to correlate both arches, then maxillo-
mandibular rotational advancement and advancing genioplasty were planned. The
treatment led to good esthetics and well-settled occlusion (Figure 6A and B). The
maxillomandibular advancement surgery (MMA) was very effective in nearly elimi-
nating the obstructive events and in improving nocturnal breathing as evidenced
by the postoperative polysomnography (Figure 6D). On lateral cephalometry, the
posterior airway space was increased postoperatively (Figure 6C). The patient
reported easier breathing, undisturbed sleep, and complete resolution of excessive
daytime sleepiness.
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Figure 6.

(A) Posttreatment extraoral photographs: (a) frontal at vest and (b) profile. (B) Posttreatment intraoral
photographs: (a) right lateral, (b) frontal, and (c) left lateral. (C) Posttreatment lateral cephalogram. (D)
Posttreatment polysomnography (Surgery performed by Professor Kadiri).

3. Discussion

Obstructive sleep apnea (OSA) is a sleep disorder characterized by repeated inter-
ruption of breathing during sleep due to episodic collapse of the pharyngeal airway.
The diagnostic strategy includes a sleep-oriented history, physical examination,
and objective testing of the patient [12]. The gold standard for diagnosis of OSA is
overnight polysomnography. The AHI, which is the mean number of sleep apneas and
hypopneas per hour of sleep, is an objective and specific measure of the severity of
OSA. The American Academy of Sleep Medicine (AASM) defines mild OSA as an AHI
of 5-15 events per hour; moderate OSA as 15-30 events per hour; and severe OSA as
an AHI of greater than 30 events per hour [6].

The orthodontist is well-positioned to perform an OSA screening assessment and
refer at-risk patients for diagnostic evaluation [7]. Besides the clinical examination,
some important anatomic features observed radiographically in patients with OSA
include, narrow mandible arch; maxillary and mandibular retrognathism; increased
lower facial height; the lower and more anterior position of the hyoid bone; reduced
pharyngeal area; increased cranio-cervical angle; decreased distance between the
base of the tongue and the posterior pharyngeal wall; hypertrophied tonsils and
adenoids; over-erupted maxillary and mandibular dentition and enlarged tongue [4].

Besides lifestyle modification (weight loss, smoking cessation, reduction of
alcohol intake, position management, and sleep hygiene), there are three major inter-
ventions for obstructive sleep apnea: positive airway pressure (CPAP) therapy, oral
appliance therapy (OAT), or surgery [6, 13]. The treatment of choice is influenced by
the etiology of the problem, its severity, and the patient’s individual needs.
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Although CPAP is widely used as a first-line treatment for OSA, OAT mainly
mandibular advancement devices (MAD) are an alternative to CPAP in the treatment
of mild to moderate OSA. Their lower cost, relative comfort, and ease of use lead to
greater patient compliance [8]. Worn intraorally during sleep, the MAD can prevent
upper airway collapse by holding the mandible and tongue forward [6].

The devices may vary in construction, material, coverage of the teeth, and the
possibility of vertical and lateral movements of the mandible [14]. There are two main
types of oral appliances namely: the monobloc and the bibloc appliance. A retrospec-
tive comparative study by Isacsson et al. [15] found that both the monobloc and bibloc
appliances were equally effective and significantly reduced the AHI by a mean of
about 12-14 events per hour.

Candidates for a MAD require adequate healthy teeth, no important TMJ disor-
der, adequate jaw range of motion, and adequate manual dexterity and motivation
to insert and remove the OA [12]. A meta-analysis by Sharples et al. [6] found that
the most important patient feature is the ability to protrude the mandible 6 mm or
more. Oral appliances initially are delivered with the mandible advanced to a position
approximating two-thirds of the maximum protrusion [7]. The amount of protrusion
can be titrated or increased until optimum symptom relief is obtained as in the first
clinical case.

Short-term side effects of MAD are common but most resolve within 2 months.
They include dental and gingival tenderness, hypersalivation, dry mouth, TMJ
discomfort or sounds, and myofascial pain, [16]. Skeletal changes occur soon after
the onset of treatment (6 months). Small but statistically significant increases in face
height are accompanied by a significant downward position of the mandible second-
ary to dental changes [17]. Occlusal changes start happening later on, and they will be
significant at the 30-month follow-ups [4]. They include a decrease in overjet, pro-
clination of mandibular incisors, retroclination of the maxillary incisors, decreased
occlusal contacts, and mesial shift of the molar and cuspid occlusion [16]. Some
effects can lead to beneficial orthodontic changes in Class II division one patients, as
in the first clinical case, especially decreasing in overjet and the tendency toward a
mesiocclusion [17]. The dental situation needs to be carefully checked during regular
visits. In cases of unacceptable, progressive occlusal alterations, the indication for
therapy with an OA has to be re-evaluated and might be changed to CPAP or even
surgery [18].

If MADs are preferentially indicated for mild or moderate OSA, orthognathic
surgery may be an effective and safe treatment in patients with severe sleep apnea as
in cases 2 and 3 or in patients who do not desire or cannot tolerate long-term CPAP
therapy. The principle of surgical treatment is to get a physical airway by a permanent
skeletal change that leads to soft tissue adaptation [3]. Of the surgical procedures,
mandibular advancement, maxillomandibular advancement (MMA), and genioplasty
are the most frequently performed. In OSA patients with micrognathia or retrogna-
thia the surgical mandibular advancement may be considered. In case two, mandibu-
lar and genioglossus advancement surgery illustrated objective improvement in the
symptoms associated with severe OSA. With this type of surgical intervention, the
entire body of the mandible is brought forward [19]. Presurgical orthodontics is man-
datory, otherwise, the width of the maxilla is typically too narrow to accommodate
the advanced mandible [20]. However, little evidence is present for isolated mandibu-
lar advancement. Currently, osteotomy of maxillo-mandibular advancement (MMA)
is the first-choice treatment for severe OSA. Chang et al. [9] reported success rate of
MMA ranges from 75 to 100%. Moving the jaw stretches the palatine tissue, which
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in turn exerts traction upon the palatoglossal muscle and increases lingual support,
favoring pharyngeal patency [11]. MMA predictably leads to significant improve-
ments in daytime sleepiness, QOL, sleep-disordered breathing, and neurocognitive
performance, as well as a reduction in cardiovascular risk (blood pressure) [21]. The
AHI score is improved over the long term and the results remain stable over time.
According to Calero et al. [11], two characteristics must be fulfilled to indicate
MMA. First, there must be multiple sites of obstruction, or blockage must be diffuse
and inaccessible. Second, the patient must present skeletal class II malocclusion, and
MMA surgery must offer multiple benefits for the patient. Presurgical orthodontic
therapy aims to obtain complementary maxillary and mandibular dental arches.
Patients with a Class II malocclusion, as in the third clinical case, undergo surgi-
cal mandibular advancement to achieve a Class I dental and skeletal relationship.
Advancement of the maxillomandibular complex by 8-12 mm is generally required
to obtain the intended result [22]. According to Lee et al. [23], a non-extraction
approach is preferred in patients with OSA to retain expanded pharyngeal volume
after surgery. An additional procedure for completing MMA is genioglossal muscle
advancement (GA). This technique expands the magnitude of genioglossal, geniohy-
oid, and digastric muscle replacement [11].

4, Conclusion

Adult sleep apnea is a complex sleep-related breathing disorder that decreases
quality of life and increases morbidity and mortality in patients. It is a highly preva-
lent disease and requires long-term and multidisciplinary management.

Orthodontists should recognize the signs and symptoms of this disorder to
identify patients at risk of developing the complications of sleep apnea and guide the
selection of appropriate treatment. Various oral appliances can be applied with good
results in mild to moderate cases. In severe OSA, a surgical orthodontic approach
is indicated. Maxillomandibular advancement surgery is a safe, very effective, and
highly skeletally stable procedure.

Long-term management of OSA and regular follow-up are required to monitor
compliance to therapy, treatment efficacy, side effects, and development of medical
complications related to OSA.
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Chapter 15

Accidental Aspiration of
Orthodontic Components
or Appliances

Siddharth Sonwane

Abstract

Background: Contemporary orthodontic practice consists of innovative
appliances for ease, safe, and quick results. However, the associated potential disad-
vantages are rarely published. Objective is to publish the literature on the accidental
swallow of foreign objects such as orthodontic appliances or parts of fixed orthodon-
tic appliances in patients. Method: An electronic search was performed on PubMed,
Medline, Scopus, The Cochrane Library, and EMBASE until March 15th 2019.
Methodological quality and synthesis of case series and case report tool (MQCC) was
applied to determine the quality of these case reports and series. The outcome vari-
able was to assess its effect on airway and gastrointestinal tract; methods of removal
of these foreign bodies. Meta-analysis was not performed as the study included case
reports and case series in which no control groups were present Results: Out of 113
case reports and series, twenty-nine articles were included in this systematic review.
Only 31% of articles have satisfied the MQCC scale and maintained as high-quality
case reports, 43% of articles were medium to high quality and 26% designated as low
quality. Conclusions: An orthodontic appliance accidentally detaches from its posi-
tion, and patient can engulf due to patient’s negligence, lack of its maintenance educa-
tion and awareness. Orthodontist should educate, instruct and provide a written
format of management, precautions. Accidental ingested foreign body can be man-
aged in two methods, first is noninvasive, check forth airway obstruction, encourage
for fiber-rich diet and laxatives. Second method is the use of endoscopically and
laparoscopy with use magill’s forceps.

Keywords: accidental swallow, orthodontic appliances, arch wire, mini-screw

1. Introduction

Accidental ingestion of a foreign body is more often seen in children.
Contemporary studies have reported that 1500 subjects die per year [1]. However,
data published on a death rate depends upon the nature of the aspirated object, i.e.
size, shape, and finishing [2]. Dhandapani et al. (2009) illustrate that 80% - 90% of
the aspirated foreign bodies pass through the gastrointestinal tract routinely, approxi-
mately 10-20% need to be removed endoscopically, and 1% requires surgery [3].
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Most researchers have described that high intake of fibrous diet; water and laxatives
are the regular methods in the management of ingested blunt objects. But, accidental
swallow of sharp objects always associates with a high rate of airway obstruction and
gastrointestinal (GI) perforation corresponding to treatment dilemmas [1-4].

To date, various innovative appliances are being used in dentistry and orthodon-
tics but very rare among these material limitations have been published. Through this
chapter, I would like to present the associated drawbacks of such appliances to “GI”
and airway systems, their clinical presentations, recommendations, and manage-
ment. For a better understanding of readers, this chapter is divided into introduction,
incidences; Types of appliances ingested or aspirated, Pathophysiology and associated
symptoms of ingested “FBs”, Management, Retrieval of accidental swallowed “FBs”,
Recommendations to prevent accidental swallow, Basic measures to prevent acciden-
tal swallow and Conclusion.

2. Incidences of accidental ingestion of different orthodontic appliances
reported in the literature

In general, incidence of accidental aspiration of foreign body occurs in children
(80%), elderly, mentally impaired, or alcoholic individuals and sometimes it may
occur deliberately in prisoners or psychiatric patients. Coins, meat boli, and button
batteries; sewing needles, tooth picks, straightened paper clips and razor blades are
the most often ingested foreign bodies [5].

In dentistry, accidental aspiration of foreign bodies is recognized as a hurdle in
all clinical specialties of dentistry. A wide range of complications succeeding from
foreign bodies (“FBs”) has been recognized in clinical practice as a broken denture,
single-tooth crowns, inlays, edndo files, and broken orthodontic appliance’s reason
for the majority of “FBs” ingested by adults in the dental setting [1-6].

Kurkciyan et al. (1996), Pavlidis et al., (2008) and Dhandapani et al.,(2009) have
reported that the overall incidence of dental “FBs” aspiration is higher in adult than
in children, among which 10-20% required endoscopic removal and 1% alarm for
surgical removal [1-7].

In orthodontics, Wasundhara A. Bhad (2011), Uday Kumar Wizziyiane Ahmad,
and Priya Balakrishnan (2012), Appasaheb Naragond et al. (2013), have reported that
the most frequently aspirated FBs are brackets, wire fragment, activation key, and
fractured twin block, removable retention appliances, and lingual retainers. However,
Tamura et al., reported that the incidence of accidental swallowing of orthodontic
appliances ranges from 3.6% to 27.7% among them 2% -3.7% require emergency treat-
ment as these foreign bodies obstruct in “GI” or respiratory tract, and the rest of the
material pass “GI” without complications [7-11].

3. Types of appliances or components of orthodontic appliance ingested or
aspirated

While the existing incidence of this complication in orthodontics is hypothetical,
there is significant variation as to the types of appliances involved [8]. The reported
“FBs” includes a lower spring retainer; fractured twin block appliance, expansion
keys, fragment of a maxillary removable appliance, retainer, trans-palatal arch, and

258



Accidental Aspiration of Orthodontic Components or Appliances

//dx.doi.org/10.5772/intechopen.100397

http:

DOI

*saodas aswo 1 Jo Lavuwsung

TIIqEL
pasourax sonoiqrue y3noo ‘DgMm ured 00T
pue Adoosotpuoiq prir umnoads-peorg JOJUNO0D PaseaIddq oIS 1331 159D 159y TR Quwol DUy w/GT “[e 39 uray|
sonorqrue BJDIOXD Ul ao1330 2002
adoosomnsen 191p YOLI Iq1] 10ds poojq pue ured yoeurolg Sunruop [eusg Bunds 10 w/9g ‘Te 39 331D
sorsad[eue uoidax BJOIOXD 100C Te3°
s[omoq a5 xe[ ur 3no sured 191P YOLI 1q1] pue sonorquuy [eurwopqy Surpaaq ‘ureq swoy 1[ORIq PIXI] Eliq" oI
(eouerjdde Sunyeiq
UOTIUDAIUL sorsad[eue pue [eaourax Surmp ‘uonEIIE[ 1qey)aouerdde 000¢
[e2131ms INOoYIAA SO1OIqIIUE 191p 3J0S uoTneIaOe] 01 N sn3eydosyg [erered ‘ureq QwIoH Bunpons u31q Jj/6 ‘Te 19 s1Iqa(g
I9][1] YOBWIO}S 3s50§ D®I[L Sunruwoa Ieq [are[edsuaiy, S661
‘Adoosoyoo1g ‘oso[n[EoAeu ured joared zaddp pue ureq QwIoH JO 2IIpA wy/Ge Te 19 1sqQy
661
adoosomnsen 191p 108 ©3210%a ur Jurpasig sniojAq ured yoewolg 158 SILM UOTIURISY wy/GT MF 2T
1661 snoy
pasouai [es1dng 110ddns o317 Aouarours [edIpay sngeydosg Suryyearg Qwoy are[d sjqesouray wy/GT pred
£861 "D
Adoosoxde u29s J0N N sngeydosy Gunruop swoy a1e[d uonualy 3/8T ‘Op[uIyg
Ao uorsuedxa €861 “IN'IN
JUSUIDIOXD S§PIIYD 1BIp Yarr 12qLg s3urpasjq jo sudis oN oeuwrolg unrurop swoH JO uoneAndy Jihg ‘JizeN
swoydurfs
aWwodINo [eury Jusuryeas) dIseg suoryesrduro) uoned’0 aerpaurury ERF walqQ

259



Current Trends in Orthodontics

'spaodas aswo v Jo Lapusung

TIIqeL

adoosoZuLreydoseu KouaZrouwra FSlicieliie) A uoneanoe T10C Te 3

ondo-1aqy dooiog sypiSe £3ojoSuLrejouryrolo xuhreydodAy A3ojo3ukrejouryrolo SuIoy xeIAH ur//1 I tyrediay,
sorsageue

Ppue sonoqnue ‘sndeydosa doss sporq 1102

Adoosopuy 991p 3J0S N yxed xaddn (NI ured Je WOl UuLm) uaorg W/ "[e 12 epIyoy

sorsad[eue uonoun{ 201330 6002

Adoosopus [eseN pue sonjorqryue uraexjo Aeds [esen Je 1007 Surpaaq [eseN [eausq auo[nues GZX/T wy//T " 19 SE[ODIN
sorsadeue

pue sopoIquue 'sndeydosa ADLIAO0 600T

adoosonsen 1P 1308 N 1amo[ N TVINZA ejyoRIg Jot UepLIays

A1981ms

adoosoduLrey sdaoxog [ri8epy sotsad[eue pue ssa0a1 1921891} sryreudoyyio 800C

YSOJU[OBIA] YIM paAowaI SON0IqIIUE 31P 1JOS urtojrid [N uoneradQ Suumqg 31 ‘Te 19 oyt

erxa1kd ‘sndeydoss 201350 /007 e

Awojoredey-ruru aanerado 3s0g uoryeroyiad [e1a0sia I2MO] Sunrwoa Gurpasig [eyusq XI[9Y penp wy/gr SIOM[[Y

erxa1dd aeur $S9091 201350 oM GTX/T 900C e

[eaarna1 drdoosopua aanerado 3sog pooj Surmp ureq urrojrid TTIN [eausg LLIN wu Of 3/ST TUpeyeAN-TY
sorsad[eue

pue sonoIqrue Kep ¢t £00C

adoosomnsen )91p 1J0S 12)Je parerjIul ured [yorWOlIg N Swoy 1[ORIq PIXI wy/9z I5peY-[PpPqY

10e1 [ 1eq [arefedsuen €007 S’

‘ureq joared zaddp yoaads Surmp pasig Ppoojiseyq uayoIg J/ce TULIPUOJS

JuduIIEda) swoydufs Xos
ur0d)No [eur oIseg suoryesrduro) uone’0 aerpaurury aoeq FRET (T} /38y Joyny

260



Accidental Aspiration of Orthodontic Components or Appliances

//dx.doi.org/10.5772/intechopen.100397

http:

DOI

'sgaodas 25w v Jo Lapusung

"€9qeL,
sn3eydosa 610T ‘OIYEIN
Adoosopuyg UOnEBAISqQ N Jo uor3ay YoaN N swoy pueq Ie[ol\ /ST Tewny] iaey
N1Jo 910C Te 3@
uonealssqo uonealssqo N Pa1e20[ 10N N [eusqg MIIS-TUTA[ IN/TT eAprea ysa[pIN
pasourar uoadins upIXOWy Pooj Mayd 1093 Jou133s0d JeOIY] JO 910C
[EIDBJO[[IXEWI PUE [BIO JO 95100 Aep aa1y 031 9[qeun ureg 1J9[ 1oMO] SpIs Je YoJeIdS B swoy 1eIg /61 ‘[e 3° BowfIpy
[ozexdojueg
QUOXELI)JaD soeroued jo oryearoued a1m
adoosopug ‘9]0ZEPIUOLIBIN SILILVAIONVd ae[pided jo peay ur uonesyIoren SWoH DysoAqnipy JiLe ¥10C T8 39 3[[LL
[ozexdojueg
WB[OZEPIA] QUOXPLI)JaD SUOIIEILLIT 1peIq
1M UOLIePas I1apun ‘9[0ZEPIUONIN] ‘spyyeadUey “OBUIO]S I2MO[ oLsen) swoy Te[owRI] w/6z €107 TUIasoy
ured o130 LLINSZX61
adoosoZuL e ysoyupoey Ppooj aunnoy N ssa0a1 urroyrid Areyuswiojy ey IIM YOIy w/gL €T0T ‘T8 32 31ed
Ppooy £10C
12dseid yum doosopuy I9q1J ‘OATIEXE] N 153D 19MO[ 1] TIIN swoy pueq 1e[oj /9T ‘[e 32 uoSereN
syuLIp uor3a13e01y) o0 LLINSZX/T 41414
adoosopug pue pooj 19q1] N uor3ax [eaduhre] ur ured dreyg [eusg 1M YOIy A/ ‘Te 30 uesour)
SuLp Loy T10C Te ¥
skep 4 1013e paLIoXy pue pooj 1aqLg N [eurwopqy N QWO uorsuedxy /6 BpY IUIUON
suwoydufs
ur02)INo [eur JusuIeda) dIseg suoryesrduro) uones0T Syerpauruay ERF | FRETC o)

261



Current Trends in Orthodontics

pieces of the arch wire [9]. In orthodontics, Hinkle published the first case of acciden-
tal aspiration of removable retainer and its retrieval report in 1987 [8-12]. The detail
of cases published on accidental ingestion of various components, and their manage-
ment is illustrated in Tables 1-3.

4. Pathophysiology and associated symptoms of ingested “FBs”

The accidental ingestion of “FBs” and appearance of any symptoms or signs is
highly inconstant and depends on the age of the subject (child or an adult), move-
ment, or impaction of “FBs”. According to Susini (2007), Yadav Yadav RK (2015),
Thakral A,(2015) in 75% of children accidental aspirated “FBs” have impacted at the
level of the upper esophageal sphincter, and in adults 70% of the ingested FBs lodge
at the level of the lower esophageal sphincter. Thus, it’s crystal clear that accidental
ingested“FBs”travel across a long pathway from an oropharynx to a gastrointestinal
system with providing the clinical features of each stage [5, 8, 10].

4.1 “FBs” impacted at the oropharyngeal level

60% of the foreign bodies become lodged at this level. Subject presents with clear
sensation of impacted “FBs”, discomfort, drooling of saliva, inability to swallow,
airway compromise and also infection and perforation can also occur [5-13].

4.2 “FBs” impacted at the esophageal level

If the impacted “FBs” as expansion key, twin block, removable retainer, subject
(child) represents with gagging, vomiting, recurrent aspiration pneumonia and due
to tracheal impingement may develop stridor or respiratory embarrassment while
in adults presents with, dysphagia, and salivary drooling/pooling [5, 7, 8, 11, 14].
Wasundhara bhad and Rohida reported that the use of a broken Twin-block appliance
was accidentally ingested in sleep [11, 13, 15, 16]. The patient developed immediate
symptoms as breathless with a severe cough. The patient’s father tried Heimlich’s
Maneuver method to retrieve it but failed, immediately subject shifted to emergency
medical service. Endoscopically removed and confirmed that broken part of twin
block located in the esophageal region [15-20].

4.3 “FBs” impacted at a sub-esophageal level

At this level delayed, symptoms develop as recurrent vomiting, passing rectal
blood, and melena. Ghori et al. published case report in which removable retainer was
accidentally aspirated, passed uneventfully from the elementary canal and caused
perforation of the sigmoid colon proving lethal to the patient [16, 18, 20-23].

4.4 “FBs” impacted at gastrointestinal perforation

Delayed symptoms presents as with acute mediastinitis with chest pain with signs of
pleural effusion and acute/subacute peritonitis. Uday Kumar Umesan et al. 2012 reported
a case of accidental aspiration of arch wire segment during adjustment and were located
at the laryngeal region that necessitated endoscopic retrieval in the hospital [24-29].
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4.5 “FBs” impacted at body in airway

Patient present with classic triad of wheezing, coughing, and dyspnea immediate
after accidental swallow; It later may develop with signs of the respiratory arrest and
stridor [5-39].

5. Management

The existing incidence of accidental ingestion of “FBs” complication in ortho-
dontics is hypothetical; there is substantial dissimilarity as to the types of appliances
involved [14, 17, 30]. The literature published on accidental swallowing of “FBs”
includes a lower spring retainer; broken twin block appliance, expansion keys, quad
helix, transpalatel arch, and pieces of arch wire (Tables 1-3). Although, there is
scanty evidence to pinpoint appliance or procedure has been related with an aug-
mented risk of aspiration; the minute size of orthodontic components and saliva,
limited working access, apprehensive subject, chair position, operator knowledge are
the contributing factors [2, 4, 5, 7-9, 13, 16-18].

5.1 Case history

If the incident occurs in resident (outside of the clinic), a positive history of acci-
dental swallow could be elicited. Clinician should note that a high degree of disbelief
should be maintained especially in children and impaired adult while recording case
report with missing orthodontic appliance fragments or components. A wise clini-
cian must have check for clinical signs and symptoms that could appears in subject,
which helps for a clinician to advice further radiographic investigation or call medical
emergency service [17-21, 31].

5.2 Diagnosis

Based on case history and appearance of clinical symptoms suspicious inspection of
the complete oral cavity, pharynx, larynx, and esophagus should be the first step taken.
As per the pathophysiology of “FBs”, and clinical signs further investigations as abdom-
inal and chest X-rays, endoscopy, and computed tomography scans of thorax should be
advised to confirm the lodgment of “FBs” [2, 3, 6, 11, 13, 14, 16-18, 22, 23, 33].

5.3 Radiographic assessment

Generally, radiographic assessment designated for subject with a positive history
of accidental swallow of “FBs” within a period of less than 24 hours and without
appearance of any respiratory symptoms. A chest radiograph is mandatory, but the
“FB” is acrylic (radiolucent object), becomes difficult in localization of its exact
position. In such situation subjects are made to swallow to identify the precise site of
impaction, and ask the patient for area of uneasiness [2-26, 30-36].

If both the attempt fail to locate “FBs”, a small amount of barium sulfate suspen-
sion is mixed with cotton wool pallets given to subjects to form a radio-opaque bolus
around the object; this method significantly allow to track “FBs” radiographically.
Also, gastrografin (a contrast agent), “CT” and “CBCT” scans have proved to be
highly useful in locating the radioluscent foreign bodies [26, 38, 39].
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6. Retrieval of accidental swallowed “FBs”

If accidental swallowing of FB occurred in a dental office, there are two methods
to retrieve FB, the first line of action is the use for the Heimlich maneuver technique,
abdominal or chest thrusts; secondly, turn the patient head one side and ask to spite;
if an object does not spill out check in the oral cavity and oropharynx, supra-tonsillar
recess, epiglottic vallecula and the piriform recess under good illumination and
if the object is visible, it should be retrieved with forceps or high-volume suction
[1,5,9,12].

If the incidence occurs outside the clinic or in resident, based on case history,
symptoms, diagnosis, and location of aspirated FBs subjects can be managed as Non-
invasive emergency measures, Invasive emergency measures, and Surgical interven-
tion [1, 2, 4, 9, 12, 16, 20, 24].

6.1 Non-invasive emergency measures

Size of the ingested “FBs” (larger than 6 cm in children and longer than 10 cm in
adults) cause cyanosis, loss of consciousness, and permanent brain damage occurs
within 4 to 6 minutes alarming a medical emergency if the obstruction is not relieved
[1, 3, 6, 8, 16, 20, 34]. Therefore, speed and updated cardiopulmonary resuscitation
(CPR) skills are vital for the clinician. If the “FBs” is obstructive and the patient is in
respiratory distress, dislodgement should initially be attempted with back blows and
abdominal thrusts (Heimlich maneuver). If this cannot dislodge the object, positive
airway pressure needs to be maintained by artificial respiration until emergency
services arrive [4, 5, 7, 11, 14, 21, 32, 35].

6.2 Invasive emergency measures

In this stage, “FBs” has passed the vocal cords uneventfully, but the subject
requires medical attention. Few authors have reported that in 1-2% of subjects
ingested “FBs” spontaneously expel, still do not wait for this to happen. Consider
the entire subject as in an extreme emergency and to be escorted to the hospital for
radiographic investigation to locate the position of “FBs”, because 6% mortality has
been reported with such subjects [4, 11, 16, 25, 32]. In this phase of emergency if
the “FB” lodged in esophageal and tracheal region endoscopy is the best method to
retrieve “FBs”. Flexible pan endoscopy under local anesthesia is preferred for “FBs”
lodged in intrathoracic areas and is accessible in tertiary medical centers. However,
in this situation rigid endoscopy is recommended to reduce complication rates. Most
commonly available armamentarium is Foley’s catheter, passed distal to ingested “FB”
under fluoroscopic guidance, inflating the balloon object can be retrieved [14, 16, 17,
21, 31, 34, 36].

6.3 Surgical intervention

This method to be opted last measure to retrieve accidental ingested “FBs”. Subject
gives all the clinical signs and symptoms of vital organ damage. Few authors have
reported that the mortality and morbidity rates are very high in this stage. However,
surgery is relatively successful opted during gastrointestinal perforation or lodgment
in the airway [23, 26, 33, 36, 38].
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7. Recommendations to prevent accidental swallow

During orthodontic treatment, there is always a high risk of accidental swallow
or aspiration of appliance components. So the aim of the orthodontist must be to
prevent and secure loose orthodontic components during treatment procedures.

Measures to be taken to minimize accidental swallow of orthodontic components
include the following recommendations.

7.1 Case selection

The clinician needs to be more alert during the first consult appointment with
young children, at this age group subject cannot understand and follow the instruc-
tions given by the clinician. The principal responsibility of an orthodontist is to assess
the amount of cooperation that can be achieved from the patients and their parents
during treatment. So an orthodontist must check complete cooperation and persistent
controlling of their children to confirm that professional instructions are respected
[10, 16, 23, 24, 26, 27].

The medico-legal point of that an orthodontist must opt to delay treatment until a
patient’s parent should give consent about their awareness of risks involved during a
course of orthodontic treatment to avoid fallouts later [1, 23, 24, 27, 38].

8. Basic measures to prevent accidental swallow
8.1 Removable appliances

Operate with textured latex gloves to have a firm grip on orthodontic components.
Routine visits for appliance adjustment should ensure adequate retention and its
integrity. The clinician must give patient instruction in both verbal and written forms,
also warn or alert them not to self-adjust or repair broken fragments instead should
visit the orthodontist to ensure the appliance uprightness [11, 13, 16, 30, 33].

Use of contrast color to gastrointestinal mucosal color, in case of accidental swal-
lows, can be identified easily during its retrieval through endoscopy [16].

During the night, wares of appliance tie a silk thread knot to either clasp assembly
or active components [1-27, 30-39].

In-office, on chairside adjustment of an appliance, 7oclock should be the opera-
tor’s position and make the patient comfortable before doing any adjustment [37].

Tie a silk thread knot to the activation key, quad helix at the time of activation, if

any accidental aspiration occurs, the appliance can be securely retrieved through tied
silk thread [29].

8.2 Fixed appliances

During bonding brackets, the operator should be at 7’oclock position; use of a
high-intensity light cure unit is always recommended and a high-vacuum section
should be used.

Molar bands should be preferred over bondable tubes; especially in the second
molar figure of ligature (. 009) should be tied to the first molar and second pre-molar
[21, 26, 31, 39].
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During the cutting of excessive distal end of archwire segment, use the gauze
pad as protection distal tissue, adjust the length of wire outside the mouth on study
models, or cinch the excess wire.

During debonding should be carried along with its base wire attachments.

9. Conclusion

Accidental swallowing of orthodontic appliances or components of it can occur
often. The orthodontist must be skillful, knowledgeable, and cautious during treat-
ment procedures. To counteract such an emergency, someone must well equip the
orthodontic office, well-trained nurse staff; the medical emergency number should
be maintained.

At the first consultation, an orthodontist must well educate and must make aware
of demerits and accidental situations, management protocol in such as condition. The
clinician must follow a protocol of prevention is better than cure.

Abbreviations used

“FB”/“FBs” foreign bodies

“GI” gastrointestinal Track

“CT” cone been technique

“CBCT” computed cone been technique
“CPR” cardiopulmonary resuscitation
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A Removable Class III Traction
Appliance for Early Class III
Treatment
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Abstract

Maxillary, mandibular, and dental effects resulting from the use of a removable
intraoral Class III traction appliance as well as the protraction facemask in treatment
of Class III malocclusion were assessed. This is a retrospective study comparing mea-
surements from pre-treatment and post-treatment lateral cephalometric radiographs
of two groups. Group 1 consisted of 25 patients treated with rapid palatal expansion
followed by a removable intraoral Class III traction appliance. Group 2 consisted of 25
patients treated with rapid palatal expansion followed by a protraction facemask. The
subjects were Caucasian, both male and female, with an age range of 3 to 12 years. The
only significant differences were in length of treatment time and the skeletal change
of angle SNA. The mean treatment times were 6.96 months and 10.96 months in the
removable Class III traction appliance and protraction facemask groups, respectively.
The mean increase in SNA was 0.46 degrees in the removable Class III traction appli-
ance group and 1.81 degrees in the protraction facemask group. A removable Class
III traction appliance provides orthodontists with another useful Class III treatment
modality.

Keywords: Class III malocclusion, Class III treatment, protraction facemask,
traction, orthodontics

1. Introduction

Class III malocclusion can result from mandibular prognathism, maxillary skeletal
retrusion or a combination of both [1]. Many treatment philosophies and appli-
ances have been used to treat this problem, such as protraction facemask, chin cup,
and Frankel’s FR-III appliance and orthognathic surgery. Miniplates and temporary
anchorage devices are also being used in order to minimize the negative side effects
that can occur with treatment. In Class III malocclusion, an accurate diagnosis and
timing of treatment are considerations in order to achieve optimal results.

The orthopedic facemask was developed in the 1960’ by Delaire [2] and has been
shown to be effective in treatment of Class III malocclusion in early mixed or late
mixed dentition. It can assist in correction of maxillary skeletal retrusion, maxillary
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dentoalveolar retrusion, mandibular prognathism, and decreased lower facial height.
It can produce the following effects: correction of a centric occlusion to centric rela-
tion (CO-CR) discrepancy, forward movement of the maxilla, forward movement

of the maxillary dentition, lingual tipping of the lower incisors, and the downward
and backward movement of the mandible [3]. The protraction facemask applies an
anterior force on the circummaxillary sutures and stimulates bone apposition in
suture areas [4]. Generally the facemask is prescribed to be worn by the patient for

12 to 16 hours per day with forces ranging between 180 g and 500 g [4, 5]. It has been
suggested that the facemask be worn until the patient achieves approximately 4-5 mm
of positive overjet [3]. It is often used in combination with a rapid palatal expander.

Macdonald et al. [6] found that facemask treatment increased the convexity of the
facial profile due to the forward displacement and downward and backward rotation
of the maxilla as well an opening rotation of the mandible. The maxillary incisors
moved forward as the mandibular incisors retruded. Ngan et al. [7] found that the
maxilla moved forward an average of 2.1 mm and the molar relationship corrected
to Class I or even Class II relationship. In addition, the lower face height increased
and the overbite decreased by an average of 1.5 mm. Nartallo-Turley and Turley [8]
found an increase in SNA, maxillary depth, and ANB as well as forward movement of
A-point and ANS. The maxilla moved forward and rotated counter-clockwise and the
mandible rotated clockwise as the SNB and facial depth decreased.

Intraoral devices for treatment of Class III malocclusions [9, 10] have been
described. A removable Class III traction appliance using elastics to produce the
desired vector of force (Figures 1a and 1b) was developed in the 1980’ to overcome
issues of patient compliance with the protraction facemask. It can be used in con-
junction with rapid palatal expansion or fixed appliances in Class III treatment. This
removable appliance can be used at any age and aids in disclusion of the dentition as
well as directional traction as it addresses maxillary skeletal retrusion, maxillary den-
toalveolar retrusion, and functional shifts associated with mandibular prognathism
[11]. Similar to protraction facemask, it is said to have the following effects: correc-
tion of a CO-CR discrepancy, forward and downward displacement of the maxilla,
forward movement of the maxillary dentition, lingual tipping of the lower incisors,
and the downward and backward movement of the mandible. The appliance is worn
by the patient full time (20-22 hours per day) sometimes in conjunction with a rapid
palatal expander and/or partial or full braces treatment until 3-4 mm of positive
overjet is achieved [10].

The main advantages for the removable Class III traction device are the capacity to
have light, continuous, full-time forces acting to disarticulate the occlusion and allow
correction of the posterior and anterior crossbites with minimal occlusal interference.
4-8 ounce elastics are recommended for younger patients and heavier forces are recom-
mended for older patients. 10-12 ounce elastics are sometimes recommended at night
based on individual patient needs. If needed, a removable appliance could be used in
conjunction with a facemask at night. Another advantage of the removable appliance is
that it is easy to gain optimal compliance in patients and is tolerated well by the patient.

Some disadvantages have been reported with the removable orthodontic traction
device. In the mixed dentition, strong retention from the composite ridges can accel-
erate exfoliation of the primary canines, compromising the anchor teeth and causing
some discomfort to the patient. For this reason, it is reccommended that the retentive
ridges be used on teeth with the best root structure. The appliance can also experience
significant wear if patients have a nocturnal bruxism habit. However, replacement of
the appliance is simple and inexpensive.
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Figure 1.

(a) Anterior crossbite correction using the removable traction appliance followed by a retention phase using the
same appliance. Retention ridges can be seen in the bottom row. (b) Location of hooks on the lower removable
traction appliance.

This study was designed to determine whether treatment of Class III malocclusion
with a removable Class III traction appliance has outcomes similar to a protraction
facemask. Specifically, the objectives were to compare maxillary, mandibular, and
dental effects resulting from use of both appliances.

2. Comparison of removable traction appliance and protraction facemask
2.1 Methods

The removable orthodontic traction device described in this chapter
(Figures 1a and 1b) is relatively inexpensive and easy to fabricate. The first step in
making this appliance is the application of retentive ridges to several of the patient’s
mandibular teeth especially in the anterior region. This is done by etching the tooth
and then applying a composite resin to the surface of the tooth in a ridge shape, about
75% of the mesial-distal tooth width and 2-3 mm in height. Next, an impression is
taken of the arch and a stone model is fabricated. Separating medium is applied to
the cast and allowed to dry. A vacuum formed type retainer using C+ plastic from
DENTSPLY Raintree Essix (DENTSPLY Raintree Essix, Sarasota, Florida, USA) is
fabricated on the model. Durasoft® or Biocryl® from Great Lakes Orthodontics
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(Great Lakes Orthodontics, Ltd., Tonawanda, New York, USA) can also be used. If

a hygienic fixed expander is in place, a similar removable appliance can be made

for attachment of elastics to the maxillary arch. After trimming, Caplin hooks
(DENTSPLY GAC International, Bohemia, NY, USA) are added to the retainers in the
upper molar and lower canine regions by heating each hook with a torch and pressing
it into the appropriate area on the appliance, ensuring it does not melt completely
through the plastic (Figure 1b). After ensuring the hooks are secure, the appliance is
inserted into the patient’s mouth and traction is initiated using Class III elastics. The
patient is instructed to wear the appliance full time. Monthly visits are recommended
to monitor for progress [10].

In this retrospective study, Group 1 consisted of 25 Caucasian patients from a
private orthodontic practice who had been treated with rapid palatal expansion
(hygienic Hyrax™ expander) followed by the removable intraoral Class III traction
appliance and 180 g force from Class III elastics. Group 2 consisted of 25 Caucasian
patients treated with a rapid palatal expansion (hygienic Hyrax™ expander) followed
by a protraction facemask (AD Protraction Facemask; Ormco, Orange, CA, USA)
with 350-400 g traction, taken from a different private orthodontic practice. Patient
data from both offices were collected, de-identified, and assigned case numbers
by the private practice orthodontists. Patients from both groups were treated until
positive overjet was achieved. The inclusion criteria for both groups were an initial
diagnosis of a dental and skeletal Class III malocclusion based on an ANB angle less
than O degrees, Wits appraisal less than 0, and at least 25% Class III molar relation-
ship in permanent or primary molars. If any functional shifts were present, they were
not recorded and thus not taken into consideration. Patients were excluded if any of
the following were present: dentofacial deformities (i.e. cleft lip and palate), missing
teeth, periodontal disease, or prior treatment elsewhere.

The patients’ pre-treatment (T1) and post-treatment (T2) lateral cephalometric
radiographs were collected, scanned and digitized. The radiographs were uploaded
and traced using Dolphin software (Dolphin, Chatsworth, CA, USA). Skeletal and
dental measurements were collected. The landmarks seen in Figure 2 were used in
the cephalometric analysis. The following cephalometric measurements were used:
SNA, SNB, ANB, Wits appraisal, Y axis, angle of convexity, mandibular plane angle,
facial angle, cant of occlusal plane, upper incisor to SN, lower incisor to mandibular
plane, interincisal angle, upper incisor to NA, lower incisor to NB, overbite, overjet,
millimeter measurement from sella perpendicular to palatal plane to maxillary molar,
millimeter measurement from sella perpendicular to palatal plane to maxillary inci-
sor, millimeter measurement from sella perpendicular to palatal plane to mandibular
molar, millimeter measurement from sella perpendicular to palatal plane to mandibu-
lar incisor, millimeter measurement from sella to A point, millimeter measurement
from PTM to ANS.

A statistical power analysis determined that a sample of 20-25 subjects would
yield a power of 0.8 which would provide statistically significant results. Intra-
reliability and inter-reliability tests all had a correlation of 0.8 or above and those
values were considered to be reliable. An independent ¢-test was used to compare
sample descriptives, and to compare T1 values. An independent ¢-test for parametric
data and a Mann-Whitney test for non-parametric data was utilized to evalu-
ate mean differences between groups. Also, as another indicator of similarity of
samples, cervical vertebral maturation (CVM) stage for T1 and T2 for both groups,
means and standard deviations were calculated according to the method of Baccetti
etal. [12].
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Figure 2.

Landmarks: 1-Nasion (N); 2-Sella (S); 3-Povion (Po); 4-Basion (Ba); 5-Articulare (Ar); 6-Condylion (Co);
7-PT point; 8-Pterygomaxillare (PTM); 9-Orbitale (or); 10-anterior nasal spine (ANS); 11-Subspinale (a);
12-upper central incisor root tip; 13-posterior nasal spine (PNS); 14-upper first molar occlusal; 15-lower first
molar occlusal; 16-lower central incisor crown; 17-upper centrval incisor crown; 18-Supramentale (B); 19-lower
central incisor root; 20-Pogonion (Pog); 21-Gnathion (Gn); 22-Menton (me); 23-Gonion (go).

2.2 Results
2.2.1 Sample descriptives

Means and standard deviations were calculated for both T1 and T2 chronologi-
cal ages for both groups (Table 1). The mean age for Group 1 at T1 was 8 years,
8 months and at T2 was 10 years, 6 months. The mean age for Group 2 at T1 was
8 years, 9 months and at T2 was 11 years, 1 month. An independent ¢-test showed that
no significant differences existed among the T1 and T2 chronological ages between
groups (p>0.05). To examine cervical vertebral maturation (CVM) stages for T1 and
T2 for both groups, means and standard deviations were calculated. The mean CVM

Group Traction Protaction facemask
Total number of patients 25 25

Number of males 13 13

Number of females 12 12

Average age (years) 8.74 8.87

Age range (years) 3.11-12.1 (SD 2.08) 6.9-12.1 (SD 1.47)
Average CVM 2 2

CVM range 2-3 2-5

Average treatment time (months) 6.96* 10.96*

Range of treatment time (months) 2-20 4-18

*Indicates p < 0.001.

Table 1.
Sample characteristics.
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for group 1 at T1 was 2.1 and at T2, 2.8. The mean CVM for group 2 at T1 was 2.4 and
at T2, 3.1. An independent ¢-test showed that no significant differences occurred at T1
and T2 between groups. For length of treatment of both groups, an independent ¢-test
was used and showed that significant differences existed between groups (p<0.05).

2.2.2 Comparison of T1values and T2 values between groups

Independent ¢-tests were used to evaluate if any differences existed among the T1
values and the T2 values between groups. It was found that no significant differences
existed among the T1 values between groups (p>0.05).

2.2.3 Comparison of T2-T1 diffevences between groups

Differences between T2 and T1 were calculated for each variable within each
group (Tables 2 and 3). An independent ¢-test was used to evaluate if any significant
differences existed among the changes from T1 to T2 between groups for parametric
data. A Mann-Whitney test was used for non-parametric data (group 2 for sella to
A point and millimeter measurement of Ptm to ANS). SNA showed that significant
differences existed between groups (p<0.05). All other values showed no significant
differences between group 1 and group 2 (p>0.05).

2.3 Discussion

Both groups started and ended treatment at similar chronologic ages. Since chrono-
logic age is only a rough indicator of maturity, cervical vertebral maturation stage was
examined for both groups. Peak mandibular growth or the pubertal growth spurt has
been found to occur between stages 3 and 4 with active growth having been completed
at stage 6 [12]. Baccetti et al. [12] suggested that Class III treatment with rapid maxil-
lary expansion and protraction facemask therapy should be started during stages 1 and
2 in order to produce the most effective results on the maxilla. Both groups had a mean
initial CVM of stage 2 which correlates to pre-pubertal growth peak. No significant
differences in CVM stage existed at T1 and T2 between groups suggesting that both
groups were similar with regards to skeletal maturation before and after treatment.

The significant difference in treatment times may have affected the outcomes
between groups. The protraction facemask was used for a greater period of time on
average than the removable Class III traction appliance and has a direct effect on the
maxilla. Thus, with a greater treatment time one could expect more change at SNA,
which may have contributed to the significantly increased SNA in the protraction
facemask treated group when compared with the removable Class III traction
appliance treated group. The outcomes of the protraction facemask treated group
were consistent with studies conducted by Nartallo-Turley and Turley [8], Ngan et al.
[7], and Macdonald et al. [6].

No significant differences were found between groups comparing Wits appraisal,
ANB, FMA, Y-axis, cant of the occlusal plane, Sella to A point, PTM to ANS, and
angle of convexity. This may suggest that both appliances produced similar results in
the maxilla and rotation of the mandible. It was also found that both groups exhibited
proclination of the upper incisors, mesial movement of the upper and lower denti-
tion, uprighting of the lower incisors, increase in interincisal angle, increase in overjet
and increase in overbite similar to the studies by Nartallo-Turley and Turley [8], Ngan
et al. [7], and Macdonald et al. [6].
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Angular Group Mean Standard t df Significance

measurements deviation (2-tailed)

(degrees)

Facial angle 1 041 249 0.23 48 0.82
2 0.24 2,62

Angle of convexity 1 -0.28 241 -166 3274 011
2 173 5.55

SNA 1 0.46 171 -2.61 48 0.01*
2 1.81 1.96

SNB 1 0.15 148 -171 48 0.09
2 0.92 1.71

ANB 1 0.30 135 -1.04 36.71 0.31
2 0.90 2.53

FMA 1 0.02 3.23 —0.03 48 0.97
2 0.05 2.92

Y axis 1 0.36 2.50 -0.11 48 091
2 0.44 242

Cant of occlusal plane 1 -1.24 4.00 116 48 0.25
2 —2.47 3.52

Interincisal angle 1 -2.70 7.08 0.15 42.80 0.88
2 -3.07 10.19

U1-SN 1 4.25 6.04 -0.67 48 0.51
2 5.58 7.82

Ul-NA 1 3.81 5.97 0.02 43.51 0.98
2 3.76 833

L1-MP 1 -1.40 5.28 0.28 48 0.78
2 -1.82 5.55

L1-NB 1 -141 4.88 0.13 48 0.90
2 -1.59 513

*Indicates p < 0.05.

Table 2.
Comparison of T2-T1 angular differences between groups (N = 25).

The strength of this study is that it evaluated the effects of using a removable Class
III traction appliance. Since the results showed that no statistical differences existed
for dental and all but one of the skeletal variables between groups, the removable
Class III traction appliance could be used as another minimally invasive Class III
treatment modality for patients. Further studies of removable Class III traction appli-
ances should implement a randomized patient assignment prospectively as well as
obtain long-term results in order to evaluate their overall effectiveness.

Conventional protraction facemask therapy has been found in multiple studies
to be effective; however, compliance is a major limitation. Patients often view the
protraction facemask as awkward at best and complain about it being difficult to wear
and interfering with sleep. Cole [13] evaluated patient compliance using headgear to
treat Class IT malocclusion; patients were fitted with a commercially available timing
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Linear measurements Group Mean Standard t df Significance

(mm) deviation (2-tailed)

Wits appraisal 1 128 4.38 -0.25 48 0.80
2 1.56 341

Ul-NA 1 1.09 2.03 -0.45 48 0.66
2 1.37 2.38

L1-NB 1 -0.32 130 0.08 48 0.93
2 -0.35 144

Overbite 1 119 247 0.71 48 0.48
2 0.78 1.49

Overjet 1 1.88 2.80 -1.19 48 0.24
2 273 219

Distance from sella L to 1 2.32 3.26 -1.70 48 0.10

maxillary molar occlusal 2 3.90 332

Distance from sella 1 to 1 3.52 4.26 -0.39 48 0.70

maxillary incisor 5 3.95 352

Distance from sella 1 to 1 241 245 -1.89 48 0.06

mandibular molar occlusal 5 372 245

Distance from sella L to 1 119 264 -1.08 40.67 0.29

mandibular incisor 2 187 168

p < 0.05.
Table 3.

Comparison of T2-T1 linear differences between groups (N = 25).

headgear that measured the amount of headgear wear. Compliance levels varied from
5.6% to 107.7% with a mean of 74.4%. It was found that most patients reported more
headgear wear than what actually took place. Poor patient compliance with headgear
or facemask can contribute to poor outcomes in treatment.

Since the removable orthodontic traction device is an intraoral appliance, it is
possible for patients to adapt to wearing the appliance full time. Patients may not view
this removable intraoral appliance with the same annoyance as they do the protrac-
tion facemask. If any minimally invasive treatment modalities can be used with
predictability, it has great benefit as significant risk and cost is reduced in the care of
the patient.

Based on the outcomes of this study comparing a removable Class III traction
appliance and protraction facemask for the treatment of Class III malocclusion, it
seems that both appliances are effective treatment modalities. Each appliance has its
advantages and disadvantages and each treatment modality should be selected on a
patient-by-patient basis.

3. Conclusion

A removable intraoral Class III traction appliance provides orthodontists with a
useful noninvasive treatment alternative to protraction facemask in young patients
presenting with Class III malocclusions. Both treatments resolved the Class III dental
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relationships; only slight differences in outcomes were found between the protraction
facemask and removable Class III traction appliance, namely, time in treatment and
change in angle SNA were both slightly larger in the protraction facemask patients.

It is common for orthodontists to treat using a protraction facemask, but if similar
results can be achieved by using a removable Class III removable traction appliance,
then it may be advantageous to consider this appliance as an option for some Class III
patients.
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Chapter 17

Bridging the Gap: Nasoalveolar
Moulding in Early Cleft Palate
Rehabilitation

Amanda Nadia Ferveira

Abstract

Orofacial clefts (OFC) are among the commonest birth defect in developed and
developing countries alike. In underdeveloped and developing countries, babies born
with oral clefts are generally anaemic with low birth weight and may be unfit for
surgery. The surgical reconstruction is also challenging and the aesthetic outcome
cannot be guaranteed by the surgeon. Presurgical nasoalveolar moulding (PNAM) has
been suggested to bridge the gap between the clefted segments before surgical repair.
It is a simple yet effective technique that needs to be initiated at the right time and
age to achieve ideal functional and aesthetic outcomes. This chapter highlights the
effectiveness of the nasoalveolar moulding technique and details the manner in which
the appliance is fabricated and activated.

Keywords: presurgical nasoalveolar moulding, feeder plate, clept lip and palate

1. Introduction

Each year, around 250,000 babies are born with some form of orofacial clefts [1].
Worldwide, the incidence of cleft is reported in one of every 600-800 newborns [2]. A
vast majority of these babies are born in underdeveloped or developing countries. This
already deplorable situation is aggravated by the fact that most of these cases are con-
centrated in rural areas where access to health care is severely inadequate or unavailable
as compared to urban cities [3, 4].

In developed countries, cleft lip/palate (CL/P) is identified before birth by ultra-
sonography, which gives the parents much needed time for education and counselling
regarding the additional care needed after birth. Consequently, due to the widespread
access to medical care and scientific data, aetiology is scientifically understood to be
due to a combination of genetic and environmental factors. In contrast, in developing
countries prenatal care is less advanced or limited, a CL/P is usually unexpected and
families rely less on medical explanations for the cleft and rely more on religion and
folklore to explain the deformity [5].

Veau [6] classified clefts into (Figure1).

Group I: Cleft involving the soft palate alone.
Group II: Cleft involving the hard and soft palate up to the incisive foramen.
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Figure 1.
Veau's classification.

Group III: Complete unilateral cleft involving the soft and hard palate, the lip and
alveolar ridge on one side.

Group IV: Complete bilateral cleft involving the soft and hard palate, the lip and
alveolar ridge on both sides.

Successful rehabilitation of all these cases requires a multidisciplinary approach.
Patients with orofacial clefts need to be treated at the right time and age to achieve
functional and aesthetic well-being. The management of the child born with a cleft lip
and palate requires coordinated care provided by a cleft care team [7], comprising of
different individuals belonging to several specialities in:

1. Dental specialities (orthodontics, oral surgery, paediatric dentistry and prosth-
odontics),

2.Medical specialities (genetics, otolaryngology, paediatrics, plastic surgery and
psychiatry),

3. Allied health care fields (audiology, nursing, psychology, social work and speech
pathology)

In many developing countries, there are several unrepaired cleft patients due to the
mismatch between the volume of patients and resources. Furthermore, babies who
are born underweight or anaemic are not suitable for surgery. There is also an acute
shortage of qualified surgeons available to treat them [8]. This results in patients who
cannot reach their full social and economic potential [9]. Surgical repair alone cannot
address the multiple issues encountered in patients with cleft lip and palate. One spe-
cific task is the aesthetic recreation of the deficient columella. The earliest mention of
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presurgical infant orthopaedics was in the 1950s. This adjunctive therapy reduced the
severity of the initial cleft deformity before surgery. This enabled the surgeon to enjoy
the benefits associated with surgical repair in an infant with a minimal cleft deformity
and reduced the need for a secondary surgery [10].

This chapter describes the technique of presurgical nasoalveolar moulding
(PNAM), which was first described by Grayson et al. [11] in 1993 and had several
modifications made over the years by Brecht et al. [12] in 1995, Grayson and Santiago
[13] in 1997 and Cutting et al. [14] in 1998. This approach involves the active mould-
ing and repositioning of the deformed nasal cartilages and alveolar process and
lengthening the deficient columella, using the NAM appliance which consists of nasal
stents attached to an intraoral moulding plate to aid in the moulding of the clefted
alveolar ridge and nasal cartilage. The primary goal of PNAM is to achieve good arch
form and eventually stabilisation.

The concept of NAM works on Matsuo’s principle that a high degree of plasticity is
seen in the cartilages of infants in the first few months after birth. A high amount of
circulating maternal oestrogen causes an increase in the amount of hyaluronic acid in
the fetal cartilage, rendering it plastic. Hence, active soft tissue and cartilage mould-
ing are most successful if initiated within the first 6 weeks of life [15].

2. Unilateral orofacial cleft lip and palate

Clinical examinations of babies born with unilateral cleft lip and palate often
show significant nasal deformities. The lower lateral alar cartilage is concave and

Figure 2.
Unilateral orofacial cleft lip and palate.
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depressed in the alar rim and separated from the contralateral cartilage. This results
in a depressed nasal tip and possibly an overhang of the apex of the nostril. The
columella and nasal septum are deviated towards the cleft, and the base towards the
non-cleft side. Furthermore, the orbicularis oris muscle in the lateral lip segments
contracts into a bulge with some fibres running superiorly along the margins of the
cleft towards the nasal tip (Figure 2) [16, 17].

3. Bilateral orofacial cleft lip and palate

Babies born with bilateral cleft lip and palate often present a challenge to the cleft
care team. In these cases, the alar cartilages have failed to migrate up into the nasal
tip and stretch the columella. So, the cartilages are positioned along the alar margins
and are stretched over the cleft as flaring alae. The prolabium also lacks muscle tissue
and is positioned directly on the end of the shortened columella. In the complete
bilateral cleft, the premaxilla is suspended from the tip of the nasal septum, while the
clefted alveolar segments stay behind (Figure 3) [18, 19]. The primary issue in these
cases is that the premaxilla is unattached laterally and is positioned far too anteriorly
by the time lip surgery is scheduled. Secondly, in some cases, the lateral width of the
premaxilla exceeds the anterior space between the two lateral maxillary segments. A
combination of these two challenges may also exist.

Figure 3.
Bilateral ovofacial cleft lip and palate.

4, Procedure

Before commencing any treatment procedures, the parents/caregivers are coun-
selled about PNAM therapy. The procedure, goals, possible complications and their
role is explained to them.
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5. Impressions

Several impression materials and techniques have been advocated for making the
impression of the clefted alveolar segments. Grayson and Shetye [20] advised keeping
the child nil orally for about 4 hours and making the impression while holding the
baby upside down to prevent aspiration in the event of vomiting and asphyxia due to
airway obstruction. A thick mix of tissue conditioning material was loaded onto the
tray and inserted intraorally. The impression is allowed to set while the baby is mak-
ing suckling actions in order to create the desired border seal and ensure the baby’s
ability to perform nasal breathing. The baby’s oxygen level was monitored during the
entire duration of impression making.

Retnakumari et al. [21] used heavy body silicone impression material with the
baby in a supine position during the procedure. Dubey et al. [22] kept the baby in the
mother’s lap with the head facing downward and her hands supporting the baby’s
chest and lap region while making the impression. Yang et al. [23] advised alginate
impressions using a beaded pretrimmed paediatric tray. Splengler et al. [24] made
intraoral and extraoral alginate impressions with the baby under general anaesthesia.
This method is generally not recommended as the patient is subjected to hospitalisa-
tion for an impression procedure.

Irrespective of the material and technique used, the sole objective of including all
the available undercuts in the dental cast should be met. An ideal impression mate-
rial must be rigid and set fairly quickly in the baby’s mouth. The baby is positioned
in an upright position, fully awake on the caregiver’s lap. It is preferable if the baby
is crying, as it allows better visuals of the extent of the cleft. The entire clefted palate
should be recorded (Figure 4) and the size of the cleft should be determined on the
resultant cast using a Vernier calliper.

Figure 4.
Impression of the clefted segments in a unilateral cleft (A) and a bilateral cleft (B).

6. Appliance fabrication and design

The moulding plate is fabricated on the dental stone cast obtained from the
impression. All the undercuts and the cleft space are blocked with wax. The moulding
plate is made up of clear acrylic. A 5 mm hole is incorporated to facilitate breathing in
case of accidental dislodgement (Figure 5). The plate must be 2-3 mm in thickness to
provide structural integrity and permit adjustments during the process of moulding.
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Figure 5.
On the obtained cast (A), cleft space is blocked out with wax (B) and the moulding plate is fabricated with a
breathing hole (C).

Figure 6.
Two retentive arms ave incovporated in bilateral cases.

A retentive acrylic arm is fabricated and positioned labially at an angle of 40
degrees to the plate. It should be placed at the junction of the upper and lower lip. The
retentive arm adequately secures the moulding plate in the mouth with the help of
orthodontic elastics and tapes. In bilateral cases, there is a need for two retentive arms
(Figure 6) [13]. The appliance has to be finished and polished ensuring that no sharp
borders are present.

7. Appliance insertion and moulding

The NAM appliance was tried on the baby. The intaglio surface of the plate was
then modified to allow for selective pressure on the two segments of the arch using
tissue conditioner. There is selective removal of acrylic in the region into which the
movement of alveolar bone is desired; and tissue conditioner was added to regions
from which, the alveolar bone needed to be reduced. Selective pressure was applied
on the greater and lesser alveolar segments to permit moulding. 1 mm thickness of
tissue conditioner was applied onto the outer surface in the region of the greater
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segment and the inner surface was relieved by 1 mm. Tissue conditioner was also
applied on the inner surface in the region of the lesser segment and the outer region
was relieved by 1 mm (Figure 7). This caused a force that was directed inward on the
greater segment and outward on the lesser segment that would cause approximation
of alveolar tissue [25].

The NAM appliance is secured extra orally to the cheeks and bilaterally by surgical
tapes with orthodontic elastic bands at one end. A muslin head cap with Velcro strips
at the side is tailor-made for the baby (Figure 8). The Velcro strips provided attach-
ment of the elastic bands, as well as facilitated their placement and removal. The elas-
tic band is looped on the retentive arm of the moulding plate and secured with tape to
the cheeks. The elastics with an inner diameter of 0.25 inch, and heavy wall thickness,
should be stretched to about twice their resting diameter in order to achieve an ideal
activation force of about 100 g. The amount of force could vary depending on the
clinical objective and the mucosal tolerance to ulceration. Additional tapes may be
necessary to secure the horizontal tape to the cheeks.

The infant may require time to adjust to feeding with the NAM appliance in the
first few days. The baby is seen weekly to make adjustments to the moulding plate.
These adjustments are made by selectively removing the hard acrylic and adding the

Figure7.
Selective pressure applied on the clefted alveolar segments.

Figure 8.
A custom made muslin head cap used to secure the NAM appliance.
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soft tissue conditioner to the moulding plate. No more than 1 mm of modification of
the moulding plate should be made per visit. The desired movement can usually be
accomplished within 6 to 8 weeks.

The NAM appliance needs to be worn 24 hours a day and removed only for
daily cleaning, and needs to be inserted back soon afterwards. Even after 3 weeks,
most cases did not show any clinical evidence of tissue irritation or accumulation
of debris.

The effectiveness of the selective moulding is enhanced by adequately supporting
the appliance against the palatal tissues and taping the lip segments across the cheek.
This tight apposition of the lip segments provides the same benefit of traditional lip
adhesion, but without the consequent scarring. It also serves to improve the align-
ment of the nasal base by bringing the columella towards the midsagittal plane,
thereby improving the symmetry of the nostrils. Lip adhesion in isolation produces an
uncontrolled orthopaedic movement. However, if carried out along with the mould-
ing plate, the movements can be more precise and controlled.

8. Nasal stent

The nasal stent is added to the NAM appliance when the width of the cleft is
reduced to a size of >6 mm. The reasoning behind delaying the addition of the nasal
stent is that when the cleft size reduces, the alignment of the base of the nose and the
lip segment also improves. The alar rim, which was initially stretched over the clefted
segments at birth, will show some laxity, now that the cleft size has reduced and thus
can be elevated into a symmetrical and convex form with the nasal stent. Any attempt
to correct this deformity before reducing the cleft size may result in an undesirable
increase in the lateral alar wall [26].

Matsuo and Hirose [27] suggested a silicone nasal conformer, which can be used
for presurgical nasal moulding. The height of the conformer is adjusted by gradually
adding some soft resin or flat silicone sheets on the domes. It can be used for presurgi-
cal elongation of the columella in incomplete clefts or postoperative maintenance
of the nostril configuration. Blanching occurs at the nasal tip as infant suckles and
activates the appliance. It also exerts a reciprocal intraoral moulding force against the
clefted alveolar segments.

Grayson and Shetye [20] adapted nasal stent to extend from the anterior flange
of an intraoral moulding plate. The greatest advantage of NAM is that it enables the
practitioner to apply force skilfully to shape the nasal cartilage. Figueroa’s technique
[28] involves the simultaneous moulding of the alveolar cleft and nasal cartilage using
arigid acrylic nasal extension attached to an acrylic plate. Elastics are attached to the
acrylic plate to allow gentle retraction of the premaxilla. A soft resin ball may also be
attached to the acrylic plate across the prolabium in order to maintain the nasolabial
angle. In bilateral cases, there is a need for two retentive arms as well as two nasal
stents which are similar in shape to the unilateral stent.

The nasal stent is made from 19 gauge (0.36 inch), round stainless-steel wire, in
the shape of a ‘Swan Neck’ (Figure 9). The base of the stent should be located midway
between the clefted lip segments. The superior loop is adjusted to fit passively in the
nostril on the cleft side. The nasal portion of the wire is then covered with self-cure
clear acrylic and then by a layer of the tissue conditioner until mild blanching is
evident. This superior lobe gently lifts the nasal dome forward, while the lower lobe
lifts the tip of the nose and defines the top of the columella.
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Figure 9.
Nasal stent.

Through gradual increments of tissue conditioner, the nostril on the cleft side is
lifted to achieve acceptable elevation, and symmetry moulding continued until the
desired nasal cartilage and alveolar shape is achieved.

Shetty et al [29] used the following protocol for presurgical NAM therapy:

1. First visit:

* Parent education and counselling: Use of audiovisual aids and live
demonstrations

* Interaction with parents of older NAM patients

* Diet counselling

* Detailed documentation: Photographs and Dentofacial impressions
* Medical evaluation of patients

* Demonstration of daily appliance care

* Awareness and management of possible complications

2. Second visit (1 week after the first visit):

* Evaluation of patient and parent compliance

* Detailed documentation

* Evaluation of fit of the appliance and required modifications

About 8-10 mm gap between the clefted segments—aggressive alveolar moulding
3. Periodic 3 weeks recall visits:
* Evaluation of patient and parent compliance

¢ Detailed documentation
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* Comparison of dentofacial impressions recorded before treatment outcome and
assessment.
* Fit of the appliance and required modifications
* Nasal moulding
* Active alveolar moulding continued till completion

* Passive alveolar moulding started once complete approximation of alveolar
segment achieved

* Fabrication of new appliance every 2 months

* Parents participation in periodic NAM workshops

4.Care and instructions

» Washing of plate should be with warm water

* Never use a brush to clean the plate that will damage the resin
* Never drop the plate

* Clean after every feeding to avoid fungal infection

Feed the baby at an upright position not sleeping

5. Troubleshooting for parents

* In case of rash — discontinue plate — apply cream — continue plate wearing
* In case of gag inform doctor

* In case of incessant crying—discontinue plate

* In case of bleeding areas discontinue plate — inform the doctor

6. Troubleshooting for cleft care team:

* Gag—trim posterior ends

* Bleeding—trim sharp ends

* Bleeding from skin—stop wearing the plate—use soothing lotions

* Plate gets dislodged—reduce force or change direction of tapes, change angula-
tions of the handle

Baby dislodges the plate by tongue—flatten the palatal surface so that the tongue
does not get a grip
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9. Lip and nose surgery

The success of PNAM depends upon the surgical procedure and the treating
surgeonss skill. The surgical procedure, most commonly recommended is the modified
gingivoperiosteoplasty (GPP), described by Millard and Lantham [30] carried out
usually within 12-16 weeks of age. The surgery may be delayed in cases where addi-
tional weeks of PNAM therapy is needed. The surgical procedure involves a first stage
primary lip nose repair to close the alveolar defect followed by one-stage palatal repair
at 11-13 months of age when speech begins to develope (Figure 10) [31].

Figure 10.
Lip and nose surgery.

10. Extraoral nasal stent

Postsurgery, an additional external nasal stent can be given for 1 year to improve
the nasal morphology if it did not resemble the unaffected side and also maintain
the nasal correction if needed. The postsurgical external nasal stent is fabricated by
making an impression of the unaffected nostril using tissue conditioner, and using it
to mould the nasal contour on the cleft side [32].

11. Complications

The most common complication with the NAM therapy is irritation of the oral
mucosa, gingival tissue and nasal mucosa. These issues arise due to the forces applied
by the appliance [20]. They can be avoided by careful examination and modification
of the extent and fit of the appliance. Fungal infection is another complication that
can occur due to poor oral hygiene and continuous wear of the appliance. This can be
avoided by following a meticulous oral hygiene routine and following the wash care
instructions for the NAM plate. In severe cases, local nystatin or systemic amphoteri-
cin can be used [33].

12. Conclusion

Presurgical infant orthopaedics by means of nasoalveolar moulding enables the
surgeon to carry out gingivoperiosteoplasty, which decreases the need for a second
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surgery. Bilateral cases, especially benefit as columella lengthening is carried out
nonsurgically. It also minimises scar tissue formation and provides for more consis-
tent outcomes. PNAM is most successful when initiated early and through meticulous
planning and collaboration between the various disciplines.

Author details

Amanda Nadia Ferreira

Department of Prosthodontics, Crown and Bridge, Goa Dental College and Hospital,
Goa, India

*Address all correspondence to: dramandaferreira@gmail.com

IntechOpen

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

294



Bridging the Gap: Nasoalveolar Moulding in Early Cleft Palate Rehabilitation

DOI: http://dx.doi.org/10.5772/intechopen.101986

References

[1] Mars M, Sell D, Habel A, editors.
Management of Cleft Lip and Palate in
the Developing World. West Susex,
England: John Wiley & Sons, Ltd; 2008

[2] Gaurishankar S. Textbook of
Orthodontics. 1st ed. Hyderabad, India:
Paras Medical Publication; 2011

(3] Cubitt JJ, Hodges AM, Van Lierde KM,
Swan MC. Global variation in cleft palate
repairs: An analysis of 352,191 primary
cleft repairs in low- to higher-middle-
income countries. The Cleft Palate-
Craniofacial Journal. 2014;51(5):553-556.
DOI: 10.1597/12-270

[4] Mossey P, Little ]. Addressing the
challenges of cleft lip and palate research
in India. Indian Journal of Plastic
Surgery. 2009;42 (Suppl):S9-S18

[5] Medwick L, Synder ], Schook C,
Blood E, Brown S, White W. Casual
attributes of cleft lip and palate across
cultures. The Cleft Palate-Craniofacial
Journal. 2013;50:655-667

[6] Veau V. Division Palatine. Paris:
Masson; 1931. Cited in Whitaker et al.
A proposed new classification of
craniofacial anomalies. Cleft Palate
Journal. 1981;18(3):161-76

[7]1 Dean JA, Mcdonald RE, Avery DR.
Dentistry for the Child and Adolescent.
9th ed. Missouri, United States: Elsevier
Mosby; 2012

[8] Sommerlad BC. A technique for
palate repair. Plastic and Reconstructive
Surgery. 2003;112:1542-1548

[9] Roberts-Thomson K. Epidemiology
of cleftlip and palate. In: Peres MA,
Antunes JLF, Watt RG, editors.

Oral Epidemiology. Textbooks in

295

Contemporary Dentistry. Cham:
Springer; 2021

[10] Dinh TTN, Van Nguyen D,

Dien VHA, Dong TK. Effectiveness of
presurgical nasoalveolar molding
appliance in infants with complete
unilateral cleft lip and palate. The Cleft
Palate-Craniofacial Journal. 2021.

DOI: 10.1177/10556656211026493

[11] Grayson BH, Cutting CB, Wood R.
Preoperative columella lengthening in
bilateral cleft lip and palate. Plastic and
Reconstructive Surgery. 1993;92:
1422-1423

[12] Brecht LE, Grayson BH, Cutting CB.
Columellar elongation in the bilateral

cleft lip and nose patient. Journal of
Dental Research. 1995;74:257

[13] Grayson BH, Santiago PE. Presurgical
orthopedics for cleft lip and palate. In:
Aston §J, Beasley RW, CHM T, editors.
Grabb and Smith’s Plastic Surgery. 5th ed.
Philadelphia: Lippincott-Raven; 1997.

pp- 237-244

[14] Cutting CB, Grayson BH, Brecht LE,
Santiago PE, Wood R, Kwon S.
Presurgical columellar elongation and
primary retrograde nasal reconstruction
in one-stage bilateral cleft lip and nose
repair. Plastic and Reconstructive
Surgery. 1998;101:630-639

[15] Matsuo K, Hirose T, Tomono T,
Iwasawa M, Katohda S, Takahashi N,

et al. Nonsurgical correction of congenital
auricular deformities in the early neonate:
A preliminary report. Plastic and
Reconstructive Surgery. 1984;73:38-51

[16] Huffman WC, Lierle DM. Studies on
the pathologic anatomy of the unilateral
harelip nose. Plastic and Reconstructive

Surgery. 1949;4:225-234



Current Trends in Orthodontics

[17] Hogan VM, Converse JM. Secondary
deformity of unilateral cleft lip and nose.
In: Grabb WC, Rosentein SE, Bzoch KR,
editors. Cleft Lip and Palate-Surgical,
Dental and Speech Aspects. Boston: Little
Brown; 1971. pp. 245-264

[18] Broadbent TR, Woolf RM. Cleft lip
and nasal deformity. Annals of Plastic
Surgery. 1984;12:216-234

[19] Millard DR. Embryonic rationale for
the primary correction of the classical
congenital clefts of the lip and palate.
Annals of the Royal College of Surgeons
of England. 1994;76:150-160

[20] Grayson BH, Shetye PR. Presurgical

nasoalveolar moulding treatment in cleft
lip and palate patients. Indian Journal of

Plastic Surgery. 2009;42:556-S61

[21] Retnakumari et al. Nasolveolar
molding in presurgical infant
orthopedics. Archives of Medicine and
Health Sciences. 2014;2(1)

[22] Dubey RK, Gupta DK,

Chandraker NK. Presurgical nasoalveolar
moulding: A technical note with case
report. Indian Journal of Dental
Research. 2012:67-68

[23] Yang S, Stelnicki EJ, Lee MN. Use of
nasoalveolar moulding appliance to
direct growth in newborn patient with
complete unilateral cleft lip and palate.
Pediatric Dentistry. 2003;25:253-256

[24] Splengler LA, Chavarria C,
Teichgraber FJ, Gatenes J, XiaJJ.
Presurgical nasoalveolar moulding
therapy for the treatment of bilateral
cleft lip and palate: A preliminary study.
The Cleft Palate-Craniofacial Journal.
2006;43:321-328

[25] Sarin SP, Parkhedkar RD,
Deshpande SS, Patil PG, Kothe S. Journal
of Indian Prosthodontic Society.
2010;10:67-70

296

[26] Grayson BH, Cutting CB,
Santiago PE, Brecht LE. Presurgical
nasoalveolar moulding in infants with
cleft lip and palate. The Cleft Palate-
Craniofacial Journal. 1999;36:486-498

[27] Matsuo K, Hirose T. Preoperative non
surgical overcorrection of cleft lip nasal
deformity. British Journal of Plastic
Surgery. 1991;44:5-11

[28] Figueroa A. Orthodontics in cleft lip
and palate management. In: Mathes SJ,
Hentz UR, editors. Plastic Surgery. 2nd
ed. Philadelphia, PA: Saunders; 2006.
pp. 271-310

[29] Shetty V, Vyas HJ. A comparison of
results using nasoalveolar moulding in
cleft infants treated within 1 month of
life versus those treated after this period:
Development of a new protocol.
International Journal of Oral and
Macxillofacial Surgery. 2012;41:28-36

[30] Millard DR, Lanthum RA. Improved
primary surgical and dental treatment of
clefts. Plastic and Reconstructive
Surgery. 1990;86:856-871

[31] Grayson BH, Wood R], Cutting CB.
Gingivoperostoplasy and midfacial
growth. The Cleft Palate-Craniofacial
Journal. 1997;34:17-20

[32] Bhutiani N, Tripathi T, Verma M,
Bhandari PS, Rai P. Assessment of
treatment outcome of presurgical
nasoalveolar molding in patients with
cleft lip and palate and its postsurgical
stability. The Cleft Palate-Craniofacial
Journal. 2020;57(6):700-706. DOI:
10.1177/1055665620906293

[33] Murthy PS, Deshmukh S,
Bhagyalakshmi A, Srilantha KT.
Presurgical nasoalveolar molding:
Changing paradigms in early cleft lip
and palate rehabilitation. Journal of
International Oral Health. 2013;
5(2):70-80



Chapter18

Deleterious Facial Effects Caused
by Noninvasive Ventilation Mask
Early Treatment, in Congenital
Muscular Dystrophy

David Andrade, Maria-Jodo Palha, Ana Norton,
Viviana Macho, Rui Andrade, Miguel Palha, Sandra Bussadori,
Lurdes Movais and Manuela Santos

Abstract

Neuromuscular disorders is a general term that encompasses a large number of
diseases with different presentations. Progressive muscle weakness is the predomi-
nant condition of these disorders. Respiratory failure can occur in a significant num-
ber of diseases. The use of devices to assist ventilation is quite frequent in these types
of patients. Noninvasive ventilation can be applied by various means, including nasal,
oronasal, or facial masks. Masks, type bilevel positive airway pressure, continuous
positive airway pressure, and similar are generally supported on the maxilla. Oral
health in pediatric neuromuscular diseases has some peculiar aspects that we must
consider in these patients’ follow-up. Based on a clinical case, this chapter provides
a better understanding of these patients. It will focus on the oral and maxillofacial
morphological alterations and preventive measures and strategies for oral pathologies
management in this population. Despite always aiming at esthetics, treating these
patients should always prioritize the possibilities of improving the oral and general
functions of the body.

Keywords: neuromuscular diseases, congenital muscular dystrophy, noninvasive
ventilation, clinical case, adverse effects, palatal expansion technique, extraoral traction
appliances, pediatric dentistry, maxillary retrusion, airway obstruction

1. Introduction

Neuromuscular disorders (NMD) is a general term that encompasses a large
number of diseases with different presentations.

Progressive muscle weakness is the predominant condition of these disorders.
Respiratory failure can occur in a significant number of diseases. The use of devices to
assist ventilation is quite frequent in these types of patients. Noninvasive ventilation
(NIV) can be applied by various means, including nasal, oronasal, or facial masks.
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Masks, type bilevel positive airway pressure (BiPAP), continuous positive airway
pressure (CPAP), and similar are generally supported on the maxilla.

Long-term noninvasive ventilation (LTNIV) has been increasingly used in chil-
dren to manage chronic respiratory failure and airway obstruction. Interfaces are of
paramount importance for NIV effectiveness and patient compliance. Factors such as
the child’s age, disease, craniofacial conformation, type of ventilator and ventilation
mode, and children’s and family’s preferences should be considered when selecting
the appropriate mask. Adverse events such as skin lesions, facial growth impairment,
and leaks must be prevented and promptly corrected. Humidification is a contro-
versial issue on NIV, but it may be helpful in certain circumstances. Regular cleaning
and disinfection of interfaces and equipment must be addressed. During follow-up,
educational programs, close supervision, and continuous support to children and
families are crucial to the success of LTNIV therapy [1].

Oral health in pediatric neuromuscular diseases has some peculiar aspects that
we must consider in these patients’ follow-up. Based on a clinical case, this chapter
provides a better understanding of these patients. It will focus on the oral and maxil-
lofacial morphological alterations and preventive measures and strategies for oral
pathologies management in this population. Despite always aiming at esthetics,
treating these patients should always prioritize the possibilities of improving the oral
and general functions of the body.

Also, future research on the oral health of patients will be discussed.

2. Neuromuscular disorders

Neuromuscular disorders (NMDs) include conditions affecting the anterior horn
cell (e.g., Spinal muscular atrophy = SMA), the peripheral nerve (e.g., Charcot—
Marie-Tooth disease = CMT), the neuromuscular junction (e.g., Congenital myas-
thenia), or the muscle itself (e.g., Duchenne muscular dystrophy = DMD). NMDs are
progressive, impair motor function, and often reduce life expectancy and quality of
life [2]. Progressive muscle weakness is the predominant condition of these disorders.
All muscles may be involved, such as facial muscles (including orbicularis oris) and
bulbar muscles. In some of the patients, congenital high arched palate and even
temporomandibular arthrogryposis can be present. Feeding problems are common,
with the need for a feeding tube or gastrostomy. Speech problems with anarthria or
dysphonia with nasal speech can be present.

The terms “muscle disease,” “myopathy,” “neuromuscular conditions,” and “neuro-
muscular disorders” all describe a group of conditions that affect either the muscles,
those in the arms and legs or the heart and lungs, or the nerves which control the
muscles [3].

3. Noninvasive ventilation

Positive airway pressure (PAP) may be invasive or not, depending on the tech-
niques we use. Furthermore, it can be used in acute or chronic situations.

Noninvasive ventilation can be applied by various means, including nasal, oronasal,
or facial mask, among others [4]. Masks, type BIPAP, CPAP, VPAP, and similar, are gen-
erally supported over the jaw. A nasal interface (or nasal cannula) is the preferred inter-
face, and a nasobuccal interface can be used with caution in case of mouth breathing.

298



Deleterious Facial Effects Caused by Noninvasive Ventilation Mask Early Treatment...
DOI: http://dx.doi.org/10.5772/intechopen.100161

Positive Long-term NIV is a highly efficacious type of noninvasive respiratory
support that has transformed the scope of chronic respiratory failure and severe
sleep-disordered breathing in children with NMD by avoiding tracheotomies and
allowing the child to live at home with a good quality of life for a child and his family.
The tremendous heterogeneity of the disorders, ages, prognosis, and outcomes of the
patients underlines the necessity of management by experienced, multidisciplinary
pediatric centers, having technical competencies in pediatric NIV, and expertise in
sleep studies and therapeutic education [5].

4. Major groups of risk

If we look to the population that uses NIV, we identify the significant groups of
risk, where respiratory muscles are weakened, or the airway is obstructed:

1.Neuromuscular disorders,
2. Obstructive sleep apnea,
3. Cystic fibrosis,

4. Children with obesity and Down syndrome.

5. Facial side effects during noninvasive positive pressure ventilation
in children

Retrognathia is a physical misalignment of the upper (maxilla) and lower (man-
dibular) jawbones in which either or both recede relative to the frontal plane of the
forehead. In the maxilla, we use the term maxillary retrusion as synonymous [6].

Facial side effects during noninvasive positive pressure ventilation (NPPV) in
children are not a new effect. Brigitte Faroux [7], in 2005, concluded about the use
of nasal masks that global facial flattening was present in 68% of the patients, and
a maxillary retrusion was present in 37% of patients. In that time, she suggested
systematic maxillofacial follow-up so that these effects may be identified. Remedial
measures could include the change of the interface or reducing the daily use of NPPV.

Continuous positive airway pressure (CPAP) is a type of positive airway pressure
used to deliver a set pressure to the airways maintained throughout the respiratory
cycle during inspiration and expiration [8].

Bariani, in 2020, reports that most of the studies demonstrated that long-term use
of nasal positive airway pressure in childhood/adolescence is associated with midface
hypoplasia [9].

Ma, in 2021, tries the fit and comfort evaluation of custom mask designs using a
randomized fit test with a series of three-dimensional (3D) printed versus commer-
cial standard masks. Results indicate that custom masks are more comfortable than
conventional continuous positive airway pressure (CPAP) masks, particularly on fit,
contact pressure, and comfort [10].

Martelly, in 2021, also makes 3D masks (BiPAP and CPAP) and reports that
while the custom-fit mask did not reduce the average measured leakage for subjects,
subjects reported experiencing less leakage. Overall, results suggest that the
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custom-fit masks are more comfortable and tolerable than the provided off-the-shelf
(OTS) mask option [11].

6. Case report—deleterious facial effects caused by noninvasive
ventilation mask early treatment in congenital muscular dystrophy

With this clinical case, we want to familiarize professionals who work with these
patients about the consequences that LTNIV may have in these children’s face and oral
functions and the importance of a pediatric dentist or an orthodontist in the team
that treats these patients.

A 5-year-old child born with congenital muscular dystrophy type 1A (MDC1A)
and total absence of merosin due to laminin o2 gene (LAMA?2) mutation was referred
by the pediatrician for the first time to the dentist. The child had a motor deficit,
absence of gait, muscle hypotonia, feeding difficulty, breathing difficulties, sleep
apnea, and normal intellectual development.

MDCIA is a rare autosomal recessive hereditary disease [12, 13] with severe
consequences for its patients. It is characterized by motor deficits, muscle hypotonia,
retractions, and progressive respiratory system impairment [14]. Affected individuals
may show muscle hypertrophy [15]. The use of noninvasive ventilation devices is one
of the strategies to manage the disease [16]. BiPAP and other similar units function
as air compressor units and are used to treat respiratory insufficiencies [17], aiding
ventilation with positive results in the pediatric population [18]. In this population,
these devices are often used with a mask resting on the upper jaw.

Severe maxillary retrusion was diagnosed. Looking for the cause of such a severe
facial deformity, it was hypothesized that force exerted by the noninvasive ventila-
tion mask in this particular patient (with facial and bulbar weakness since birth) is
one of the reasons for the deformity. The use of devices to assist ventilation is quite
frequent in these patients. The use of these auxiliary ventilation devices, which are
very important for the patient’s well-being, must be carefully considered as they cause
maxillary hypoplasia.

The retrusion of the middle floor of the face is maxillary hypoplasia or maxillary
deficiency, which is an underdevelopment of the jawbones, with the greater concavity
of the face and reduced nasolabial angle. This term represents underdevelopment of
the maxilla (upper jaw) in length (decrease in the average height of the face) or depth
(retrusion of the jaw) [19]. The maxillary retrusion resulting in non-development
creates a pseudo-class III malocclusion resulting in esthetic disharmony, greater resis-
tance of the nasal pathways [20, 21], narrowing of the pharyngeal airway, discomfort,
and problems of eruption in mixed dentition [22, 23], with maxillary compression
and crowding, in addition to pseudomacroglossia [24]. That is, the benefit obtained
by the best oxygenation should always be equated with the relative anatomo-
functional misfit that may result from prolonged use of the mask. Surveillance of
the evolution of the maxilla development by pediatric dentists is necessary, and this
professional should be part of the treatment and follow-up team.

The management of this disease and its comorbidity is predominant for the
patient’s quality of life, considering that there is no cure for it.

In this case, the use of the noninvasive ventilation device (BiPAP) occurred from
the age of 15 months in the context of rest, nocturnal use (Figure 1). The device is
used due to the child’s ventilation difficulties, trying to compensate for the fragility of
the respiratory muscles.
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Figure 1.

At 15 months, the child started using noninvasive night ventilation with a nasal mask. So that there is a good
adaptation of the nasal mask, without air escaping, a strap adapts the silicone to the face, anchored in the neck or
nape, easily creating a vetrusive force to the jaw.

Figure 2.
The panoramic X-ray is the best exam to test the child and parent collaboration. For a child who does not walk

and needs constant help from the mother to position himself, the radiograph is of sufficient quality and should not
be repeated.

In our consultation, and despite the difficulties arising from age and the absence
of gait that makes the child always dependent on the mother, good collabora-
tion was achieved to perform a study [25], after obtaining additional diagnostic
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Figure 3.
Teleradiography - lateral radiography of the cranium from a 5-year-old female patient with Congenital Muscle
Dystrophy. Severe maxillary retrusion, crossbite, open bite, and vertical growth of the mandible.

Figure 4.
Extra-oral photographs—as the child cannot hold herself standing, the photos were taken in the dental chair. The

mother and child were very collaborative.
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Figure 5.
Intra-oral photographs—the lips were previously moistened with a lip care balm to avoid the child’s sensitivity
and facilitate the placement of the lips and cheeks retractors.

Figure 6.
On 22/01/2017—the educator’ photo shows retrognathic profile and lingual protrusion (Pseudomacroglossia,).

elements: orthopantomography (Figure 2), teleradiography (Figure 3), extra-oral
(Figure 4), and intra-oral photographs (Figure 5), and upper and lower molds of the
child’s mouth.

The child does not present dental problems, all teeth being healthy.
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The study allowed to suggest starting the first phase of the correction of this
problem, using an orthopedic maxillary therapy, with the placement of a rapid maxil-
lary expansion appliance to widen the maxilla, followed by the simultaneous use of a
facial mask for maxillary traction. At all times, the use of noninvasive ventilation was
maintained.

The child must be regularly followed, and other therapeutical measures may have
to be considered with the evolution of the treatment. At this moment, the focus is to
recover as soon as possible the oral physiological functions.

Severe maxillary hypoplasia with progeny disharmony greater than 1 cm witha
retracted appearance of the middle face is notorious. Retrusion, anterior and poste-
rior crossbite, open bite, vertical growth of the mandible, and pseudomacroglossia
(Figures 2-6).

Concavo profile and pseudomacroglossia (Figure 6) are visible in the resting posi-
tion of the photo taken by the educators.

Further investigation of the facial features pre-use of NIV allowed us to conclude
that the face was harmonic, without any hypoplasia or retrusion, as seen from the
observation of several photographs and videos pre NIV (Figures 7 and 8). The profile
was convex, with slight dystocclusion.

Figure7.
Photo of the child on 17/11/2011, taken before using the noninvasive ventilation appliance; note the convex facial
profile, without maxillary retrognathia problems.
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Figure 8.

Childs photograph on 10/01/2012, also taken before using the noninvasive ventilation device; note the convex face
profile, with a noticeable distal occlusion of the mandible and the middle third of the face well developed and
proportional.

7. Discussion

Noninvasive mechanical ventilation (NIV) is defined as a ventilatory support
that does not require an orotracheal tube or tracheostomy, used through an interface,
with the objective of promoting adequate ventilation, reducing respiratory work,
preventing respiratory muscle fatigue, increasing alveolar ventilation, and improving
gas exchange, thus avoiding intubation and promoting, in some cases, early extuba-
tion [26, 27]. The use of NIV may also reduce complications associated with invasive
mechanical ventilation and, consequently, morbidity and mortality rates related to
this ventilatory support [28].

Currently, NIV is considered an alternative ventilatory support in the Pediatric
Neuromuscular Outpatient Clinic. It has good acceptability and high success rates. It
is indicated in the presence of acute or chronic respiratory disorders, neuromuscular
diseases, central nervous system disorders, obstructive sleep apnea, neuromuscular
diseases, central nervous system disorders, obstructive sleep apnea, postoperative,
post-extubation period, and early extubation [29, 30].
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A certain type of patient needs to use a ventilation aid for different reasons and at
different ages, sometimes in the first years of life. The use of these noninvasive ven-
tilation masks (BiPAP, CPAP, and the like) is sometimes maintained for years and a
considerable period of daily use (more than eight or even 12 hours). The masks allow
patients better oxygenation, but closure must be obtained around the place where the
mask touches so that there is no air leakage. This peripheral closure of the mask on the
face is obtained by the traction pressure of the mask against the tissues, and the mask
can be nasal, nasal and oral, or facial.

The harmful effects caused using the mask will depend on the type of mask
applied, the places where the forces are applied, the intensity of the forces, their
direction, and the time of action of the forces in question. If this mask does not rely
on solid structures of the face causes severe deformations in patients, especially if
they are young and with the skeleton to form and easily moldable. Also, the substrate
on which the forces act is important because a hard bone of an adult male does not
deform in the same way as the soft bone of a baby or child.

Looking for the possible causes for maxillary retrusion and hypoplasia found,
the feasible one that can be related is the use of noninvasive nasal mask ventilation
in a child with facial and bulbar weakness. In this clinical case, everything indicates
that the deformation found was iatrogenic, caused by the masks used in noninvasive
ventilation. That is one of the main reasons for the deformity due to the mask.

Using this device from an early age (15 months) exerts an anchoring force in the
skull (more difficult to deform) that causes an inhibition reaction of the growth of
the maxilla and its retrusion since the predominant force was exerted in the cranial
calotte. In this sense, the absence of well-distributed facial supports caused the
applied forces to retort the entire anterior sector.

Given what was observed, it seemed that the alternative would be to counteract all
this movement. So, we associate with the retrusive force of BiPAP a protrusive force,
through a facial mask, complemented by the transverse expansion of the maxillary
disjunction.

Maxillary reverse traction therapy is indicated for the solution of orthodontic
cases as a non-surgical alternative for correcting malocclusion, allowing movement
of the maxilla forward and down through the remodeling of the maxillary sutures.
At the same time, the mandible shows a clockwise rotation, which corrects the
concavity of the soft tissue profile. The technique may be associated with surgical
procedures and rapid maxillary expansion orthopedical movements. Better results
are obtained when therapy is used in young patients when compared to older
patients [31].

The technique used allowed the child to continue to use BiPAP, necessary for his
health and metabolism of development, but at the same time counteract the forces
exerted by the NIV.

In this case, maxillary hypoplasia was reported in a child with congenital muscu-
lar dystrophy and a total absence of merosin. These children have severe breathing
problems and ventilation difficulties.

The obstruction of the nasal airways is related to their volume [32, 33]. Some
authors believe that rapid maxillary expansion may result in greater ventilatory
capacity [34, 35] resulting from increased permeability and nasal volume [36, 37] as
well as different tongue positioning [38, 39] and changes in voice [40].

The correct anatomy, good airways permeability, and positioning of the teeth and
tongue permit better oral functions, such as chewing, drinking, speaking, breathing,
and even earing [41].
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This procedure allowed an increase of the entire nasal pyramid, resulting from
the rapid expansion of the maxillary, which in the future will allow better ventila-
tion, tongue positioning, and drainage of secretions in addition to closer anatomy of
normal. It allows better development and a smaller number of hours lost by parents in
medical consultations.

Despite the importance of this intervention for the child’s current development,
the treatment must have a second phase, pluridisciplinary, that may involve pediatric
dentistry, orthodontics, physiotherapy, speech therapy, and maxillofacial surgery.

The fact that we later found other cases in which the same etiological hypothesis is
possible made us write this text as a starting point for investigation and as a warning
to colleagues who put on auxiliary ventilation masks such as BiPAP device, CPAP, and
similar, for the treatment of apnea, sleep apnea, or situations that require prolonged
use of NIV. It is intended that this text is a warning so that the placement of these
masks is supported whenever possible in an extensive area and with the involvement
of multiple less deformable bones, besides making it necessary to control the forces
used so that these masks do not act like an orthodontic device of maxillary retrusion.
Whenever possible, use only nose tubes, or helmet-like devices, to avoid jaw pressure
at early ages.

In NIV a mask supported by the maxilla is used. Suppose we hypothesized that its
use since the age of 15 months might have retracted the jaw or prevented its growth,
functioning as an orthodontic appliance and with an unequal distribution of forces.
In that case, we are faced with a method of disease management that may end up
being harmful in the long term, preventing the natural formation of the sinus and the
consequent ventilatory improvement. The use of this method of disease management
is a “two-beak stick” because it allows an improvement in ventilatory capacity when
using the device but seems to decrease the typical anatomical characteristics neces-
sary for adequate ventilation. In this sense, noninvasive ventilation devices with an
average force distribution and forces supported in more extensive areas and inde-
pendent bones should be preferred to prevent retrusion. The most extensive support
surface can prevent retrusion by what would be ideal the realization of masks tailored
to each face.

8. Patient perspective

The mother left a testimony, translated to English, after removing names:

Sharing: I, mother and primary caregiver, hereby share this testimony, with the
greatest satisfaction of what this device gave to my child’s mouth, as she has severe
congenital muscular dystrophy, a total absence of merosin (strength protein).

As soon as the appliance was placed in her mouth, within days, there was mas-
sive notoriety in her teeth spacing, mouth opening, and “ogival” palate alteration
(widening and less depth), to the point where the teeth fit (aligned) correctly, “teeth
with teeth.”

Something that had not happened before and that made chewing less effective,
such as lack of muscle strength, which was another situation that made the situa-
tion worse.

After this situation was successful, we moved on to the next stage with the traction
device. It rectifies the bite, which was misaligned, due to the BiPAP respiratory device
for sleep apnea at a very early age. Bipap had a beneficial effect on oxygenation while
sleeping, but at the jaw level, projected it backward.
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The process was slower but managed to exceed expectations to the extent of the
severity noted. Through this long but very advantageous process, the changes were
notorious at all levels:

* respiratory (with better breath)

* speech (diction)

* eat (chews more firmly and quickly) (crack some foods)
* drinking (faster)

However, this could not happen if I had not chosen as an Orthodontist Prof.
Doctor Casimiro de Andrade and his team in this very complex process. In this,
there was a development of delivery, trust, and humanity par excellence, to which I
fully thank.

He was gradually doing the treatment according to the child’s condition, in the
different phases, so that this process would not be invasive under any circumstances.

Moreover, the entire multidisciplinary team was delighted to see my daughter
evolve and progress throughout her treatment (Dr. Lurdes Morais (pulmonologist),
Dr. Julia Ega de Guimarées (pediatrician), and Physiotherapist Ana Moreira and
her team.

Mother of the child. Grateful for everything.!!! Thank you all.

9. Informed consent

The patient responsible agreed to use and publish the disease-related article with
personal information to be excluded.

10. Conclusions

Whenever VNI use is prolonged and at an early age, exclusively maxillary support
should be avoided, if possible discarded, preferring the use of a mask with multi-site
facial support, or in some instances, total and better-distributed loads, if necessary
tailored to measure.

Pediatric dentistry and orthodontics play a vital role in promoting health and
development in children with neuromuscular disorders.

A pediatric dentist is a vital element in the medical team that follows these patients
and should always identify, prevent, and intercept these problems to achieve proper
development.
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