JDAT (&3

AMNYIFEITNUALNNYAERN S

Journal of the Dental Association of Thailand www.jdat.org

“g»b" %eldz’ts : Surface Electromyographic Studies on Masticatory Muscle
-Q_ Activity Related to Orthodontics: A Review of Literature

ISSN 2408-1434



ANYIFISNUALNNAEAS
JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND



NUALNNYFUIANLAIUSLINA LNe

Tunszususygudun
THE DENTAL ASSOCIATION OF THAILAND

Advisory Board

Board of Directors 2016 - 2018

President
President Elect

1" Vice-President
2" Vice-President
Secretary-General
Treasurer

Editor

Executive Committee

Lt. Gen. Phisal

Asst. Prof. Anonknart
Dr. Charmary

Assoc. Prof. Porjai
Assoc. Prof. Surasith
Dr. Wantana

Dr. Werawat

Prof. Dr. Waranun

Dr. Prinya

Dr. Adirek

Dr. Chavalit

Asst. Prof. Dr. Sirivimol
Assoc. Prof. Dr. Siriruk
Prof. Dr. Prasit

Assoc. Prof. Poranee
Dr. Ekamon

Clinical Prof. Pusadee
Lt. Gen. Nawarut
Assoc. Prof. Wacharaporn
Dr. Somchai

Asst. Prof. Ekachai
Asst. Prof. Bundhit

Dr. Prae

Dr. Kanit

Assoc. Prof. Dr. Patita
Asst. Prof. Piriya

Dr. Sutee

Assoc. Prof. Dr. Teerasak

Thepsithar
Bhakdinaronk
Reanamporn
Ruangsri
Kiatpongsan
Puthipad
Satayanurug
Buajeeb

Pathomkulmai

S.Wongsa
Karnjanaopaswong
Srisawasdi
Nakornchai
Pavasant
Berananda
Mahapoka
Yotnuengnit
Soonthornwit
Tasachan
Suthirathikul

Chunhacheevachaloke

Jirajariyavej
Chittinand
Dhanesuan
Bhuridej
Cherdsatirakul
Suksudaj

Damrongrungruang

OFFICE 71 Ladprao 95 Wangtonglang Bangkok 10310, Thailand. Tel. 02-5394748, Fax 02-5141100




ANYIFISNUALNNYAERNS
JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND

Advisory Board

Lt. Gen. Phisal Thepsithar

Prof. Dr. Mongkol Dejnakarintra

Prof. Chainut Chongruk

Special Prof. Sitthi S Srisopark

Assoc. Prof. Porjai Ruangsri

Assist. Prof. Phanomporn Vanichanon
Assoc. Prof. Dr. Patita Bhuridej

Editor
Dr. Ekamon Mahapoka

Associate Editors

Prof. Dr. Prasit Pavasant

Prof. Dr. Waranun Buajeeb

Assoc. Prof. Dr. Siriruk Nakornchai
Assoc. Prof. Dr. Nirada Dhanesuan

Editorial Board

Assoc. Prof. Dr. Chaiwat Maneenut, Chulalongkorn University, Thailand
Assist. Prof. Dr. Waranuch Pitiphat, Khon Kaen University, Thailand

Assoc. Prof. Dr. Nita Viwattanatipa, Mahidol University, Thailand

Assoc. Prof. Dr. Ponlatham Chaiyarit, Khon Kaen University, Thailand

Assist. Prof. Dr. Lertrit Sarinnaphakorn, Thammasat University,Thailand

Prof. Dr. Suttichai Krisanaprakornkit, Chiang Mai University, Thailand

Assoc. Prof. Dr. Paiboon Techalertpaisarn, Chulalongkorn University, Thailand
Assoc. Prof. Dr. Somsak Mitrirattanaku, Mahidol University, Thailand

Assoc. Prof. Dr. Kitti Torrungruang, Chulalongkorn University, Thailand

Assoc. Prof. Boonlert Kukiattrakoon, Prince of Songkla University, Thailand
Assist. Prof. Dr. Chootima Ratisoontorn, Chulalongkorn University, Thailand
Assoc. Prof. Dr. Oranat Matungkasombut, Chulalongkorn University, Thailand
Assist. Prof. Dr. Vanthana Sattabanasuk, Mahidol University, Thailand

Dr. Sutee Suksudaj, Thammasat University,Thailand

Dr. Aroonwan Lam-ubol, Srinakharinwirot University, Thailand

Assist. Prof. Dr. Tewarit Somkotra, Chulalongkorn University, Thailand

Dr. Thantrira Porntaveetus, Chulalongkorn University,Thailand

Prof. Dr. Antheunis Versluis, The University of Tennessee Health Science Center, USA.
Assoc. Prof. Dr. Hiroshi Ogawa, Niigata University, JAPAN

Assoc. Prof. Dr. Anwar Merchant, University of South Carolina, USA.

Dr. Brian Foster, NIAMS/NIH, USA.

Dr. Ahmed Abbas Mohamed, University of Warwick, UK.

Editorial Staff
Thatchutha Saengchan
Pimpanid Laomana
Anyamanee Kongcheepa

Manager
Assoc. Prof. Poranee Berananda

Journal published trimonthly. Foreign subscription rate USS 200 including postage.

Publisher and artwork: Rungsilp Printing Co., Ltd

Please send manuscripts to Dr. Ekamon Mahapoka

Mailing address: 71 Ladprao 95 Wangtonglang Bangkok 10310, Thailand E-mail: jdat.editor@gmail.com




ANYIFISNUALNNYAEANS
JOURNAL OF THE DENTAL ASSOCIATION OF THAILAND

AAUUIYINEITIYNT

Lﬁﬁﬂé’umwuﬁu%ﬂﬂ%’jﬂw%faumﬂmé’u%fauisqqmwumaaq@%@mﬁaﬂmﬁmhLLazqul,l,ﬁaﬂjmﬂmazﬁ%faulm
Lifeglunienmedeu o fie Usedulummeiunummdfidmudinaniuasiunuesinvzatesesndls ey
L“fJuL'%"aqms@iamsﬂwﬁzﬂaﬁm%wﬁaLﬁ%qﬁwLﬁ@%’aﬁLaﬂsﬂumqﬁumﬂism%qlmwzwaqﬂ%aqLasJLLwlmﬁéfaa
odumsyaReiuotataeading egnailousnAninidenaustlovivesthedudiry

atuil unAnuiirmennvangluvanean UVIﬂ’JmU%ﬁﬁﬁﬁ?ULﬁ&ﬁﬁﬂﬂﬁ%ﬂ‘iﬂﬂ’]’wﬂi%@ﬂmﬂiﬂﬂiﬁ%‘i?ju
memsinfulasiauensAnunduniounnemeis surface electromyography #aduunanumsanwsewiesi
aundnanunsadnluneuitedu CE credit leiulasivasiunummean uenanidfiunarumefasmansifeatu
s1e9gthensly bone graft esalutumeunsinudesniiien nsld antithrombotic agent Wiemsidaidey
mﬂsﬂﬂﬂums%’ﬂmmawqm‘maiaéumwé'w?famauhmﬂ mué’mﬁfa@mﬁm%ﬁummmLﬁaaﬁuui’mﬂisul,ﬂ%a apex
locator TiadstuannaaeTiuaLmeranS i InendeS@nuarMsfnuueiEstzdmansnituiinaseninass
sty Tugusvssaurhmilsdefvirhandnagldumiuirnunenumaniugesuudmuiulmiatumii

avanulmilneasy

N, AF. LONUW ULAAN
AN518YINT

dsuni?idud Wandhauléi http//www.jdat.ore

For high quality coloured figures, please refer to http://www.jdat.org/




Instruction for Authors

The Journal of the Dental Association of Thailand
welcome submissions from the field of Dentistry and
related science. We published 4 issues per year in March,
June, September and December.

Categories of the Articles

1. Review Articles: an article with technical
knowledge collected from journals or
textbooks and is profoundly analyzed and
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mentioned at the first time.
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includ figures and tables)
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should be in degree Celsius. Pressure units should
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clinical chemistry should follow International
System Units or SI.
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objectives, methods, results and conclusion continuous-
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or transliterate it into Thai words and do not put the
original words in the parenthesis. English abstract must
not exceed 300 words. Key words (3-5 words) are written
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3. Text
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performed according to the ethical Principles for
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been approved by the ethic committees of each
institute.

- Results: Results are presentation of the discovery
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important issues including the conclusion from
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threats from the experiments should also be
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Surface Electromyographic Studies on Masticatory Muscle Activity

Related to Orthodontics: A Review of Literature

Pattra Sumonsiri' and Udom Thongudomporn’
'Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Songkhla

Abstract

The understanding of masticatory muscle function and its relationship with craniofacial morphology is essential
to the field of orthodontics. Electromyography (EMG) has been used to assess muscle function both qualitatively and
quantitatively. Many studies attempted to relate masticatory muscle activity with facial form, but the results have been
inconsistent. The influence of the masticatory muscles on orthodontic treatment, specifically vertical malocclusion

correction, and stability is still controversial. The purpose of this article is to review the relationship among

masticatory muscle function, facial morphology and malocclusion based on the electromyographic studies.

Keywords: Surface electromyography, Masticatory muscle, Malocclusion/Facial morphology
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Introduction

The form and function of masticatory muscles
are believed to correlate with the craniofacial growth
and subsequent orthodontic and dentofacial orthopedic
treatments."* Awareness of skeletal muscular environment
is necessary because orthodontic treatment plan is not
dependent exclusively on biomechanical factor.
Masticatory muscles could affect the active treatment
of malocclusions and jaw deformities, as well as the

stability of such treatment.’

With relevance to orthodontics, the main
muscles associated with mastication are anterior and
posterior temporal, superficial and deep masseter,
superior and inferior lateral pterygoid, medial pterygoid
and digastric muscles. Surface electromyography (EMG)
is a reliable non-invasive technique for evaluating
muscle activity by detecting the electrical potentials via
electrodes placed over the skin. Surface EMG has gained

popularity in dentistry due to the ease of the procedure.’
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However, the use of surface EMG in examining superficial
muscle action depends on both individual’s physiology
and recoding techniques.’

EMG studies seeking to link masticatory muscle
activity with facial form, have given various results*"®
and it is difficult to accurately define such association
because of large inter-individual variability and many
etiological factors for malocclusions. Vertical malocclusion
could result from the interaction of different etiological
factors. Masticatory muscle activity may be one factor
affecting the bite opening in deep bite correction. There
is still much controversy regarding the complex relationship
between masticatory muscle features and vertical facial
pattern.

This article presents the use of surface electromy-

ography in studying the association between masticatory

muscle and craniofacial morphology. Moreover, changes in
muscle activity following orthodontic treatment are also

discussed.

Basics of electromyography

In assessment of muscle function, one of the
most common recording techniques is electromyography
(EMG). The record obtained from electromyography is
called Electromyogram’ (Fig. 1). This technique assesses
the magnitude and duration of muscle activity by
recording the intrinsic electrical potential arising from
the active motor units.’® It has been used to evaluate
muscle function both qualitatively and quantitatively."
u During both static and dynamic conditions, researchers

have gained knowledge of how individual muscles are

controlled.

Figure 1

clenching in the intercuspal position

There are two main types of EMG (Fig.2). The
first one is intramuscular electromyography in which
needles or fine-wire electrodes are inserted through the
skin into the muscle. These electrodes can record single
motor unit action potentials. The other type is surface
electromyography (sSEMG), which uses surface electrodes

to detect superimposed and summated motor unit
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An electromyogram of the action of the left and right temporalis and masseter muscles during maximum occlusal

action potentials. Surface EMG is technique-sensitive.
It’s the accuracy and reliability depends on the position
of the electrodes, skin impedance and external noise.
The surface electrodes may spontaneously record the
signals from nearby muscles. However, SEMG from the
superficial masseter muscle and the anterior temporal

muscle, has shown acceptableults.””



Figure 2 (A) Needle electrodes (B) Surface electrodes

Both needle and surface EMG have their pros
and cons. Needle electrodes have less technical artifacts
than surface electrodes since the distance between the
electrode and the muscle is constant. However, the
needle electrodes may cause infection and discomfort.
Moreover, the activity of the whole muscle cannot be
recorded. Surface electrodes, on the other hand, are
less invasive and reduce the risk of infection. The signals
obtained from the surface electrodes are considered
to represent the activity of the whole muscle or muscle
groups. Since electrode placement can be visually
monitored, surface recordings are believed to be more
reproducible than those obtained intramuscularly.”
Disadvantages of sSEMG are non-specificity resulting from
signals recorded from adjacent muscles and increased
general noise level, and the loss of signals due to skin
properties.” Additionally, the errors may increase when
the distance between the electrodes and the muscle is
not constant during muscle contraction.™ It is not possible
to compare amplitudes of raw EMG signals. Thus, it is

problematic to make quantitative comparisons.™

Factors affecting EMG recordings
Normalization of the raw EMG signal to the

maximum voluntary contraction level could be used

when the comparison is needed. Surface EMG has been
used widely in physiological investigations of the
masticatory muscles." However, quantification of surface
EMG recording is dependent on many factors; for
example, individual variation in muscle fiber depolarizations,
electrode placement location relative to the muscle
being studied, skin-electrode contact quality, and signal
diminishing characteristics of the intervening tissues.”
Changes in the placement of surface EMG electrodes or
preparation of the skin to improve contact and reduce
skin impedance by scrubbing the skin and wiping it with
alcohol can increase the magnitude of the signal
recorded. EMG signal processing includes filtering of
backeround noise, modification, smoothing or averaging
and integration. However, signal processing does not
certainly prove the quantitative comparison of EMG
results. Because the magnitude of the recorded signal
depends on the distance from the generated signal and
on the characteristics of the intervening tissues,
amplitudes difference in the same muscle in different
individuals and between muscles of the same individual.

Tabe et al. compared the activity of masticatory
muscles assessed during the day and at night. They
found a decrease in the EMG activity at night.”” Garnick

examined three normal subjects under identical conditions

Sumonsiri and Thongudomporn, 2017 109



at 20-minute intervals and again after two weeks.' The
differences of surface recordings from the masseter
muscle during mastication were related to the time
between recordings. Moreover, Ueda et al. recorded
SEMG for 24 hours and demonstrated a longer duration
of the activity of the temporalis muscles in children and
the masseter muscles in adults.'” This might be
because of incomplete development of the dentition
and the immaturity of the muscles in children. Ferrario
et al. showed that the EMG activity of the anterior
temporalis and masseter muscles in healthy males and
females were similar during rest position and centric
occlusion, but different during maximum voluntary
clenching (MVC) where males had higher EMG activity
than females.'® Moreover, the masseter muscle had more
asymmetrical EMG activity than the temporalis muscle.
In this study, the masseter activity was stronger in

clenching and dominant for the temporalis activity in

Table 1 Summary of factors affecting the EMG signal

centric occlusion and rest position in males. In contrast,
the temporalis muscle activity in females tended to
dominant at every contraction level.

Many investigators have examined muscles at
rest, during mastication, and during swallowing.'*'""
However, mastication and swallowing are complex
functions that are difficult to control. The mandibular
movements may vary in magnitude and speed from
subjects to subjects, or even within the same subject at
different times. The level of jaw opening and velocity of
contraction have affected recorded EMG magnitudes
and patterns.”’ The studies of EMG in orthodontics
usually record EMG of the masticatory muscles before,
during, and after the application of functional orthodontic
appliance so as to monitor or assess their effectiveness.
The activity of the temporalis and masseter muscles
during clenching, chewing, and swallowing have been

studied.

Technical factors

Characteristic of recording (Method of recording, muscle examined, electrode

placement and examining period)

Surface-electrode contact quality

Electrical characteristics of the cable

Preamplifier and amplifier

External noise

Physiological factors Age, Sex

Individual muscle fiber depolarization

Temperature

Impedance of tissue

Crosstalk between muscles

Changes in geometry between muscle and electrode

Masticatory muscle activity and malocclusion
Moyers was the first one who attempted to
apply electromyography to dentistry."” He observed that
muscular balance influenced the normal relation of teeth.
In orthodontics, the temporalis and masseter are two
major superficial muscles that were used to represent

masticatory muscle function in sSEMG studies. Christensen
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et al. revealed that during maximal clenching, the
masseter muscle provides most of the isometric force,
while the posterior temporalis is the main postural

muscle, irespective of the type of malocclusion.”

Masticatory muscle activity and malocclusion in the

vertical dimension



The association of vertical malocclusions on
the electrical activity has been studied. Ciccone de Faria
et al. compared the EMG activity of masticatory muscles
(the temporal and masseter muscles) in skeletal or
dentoalveolar open bite children, aged 6-11 years,
with the control group.”” EMG was performed under
maximal voluntary clenching and during chewing. They
found that the control group presented the highest EMG
signals in the temporalis and masseter muscles during
MVC (85.2 %). Subjects with a dentoalveolar anterior
open bite demonstrated significantly lower temporalis
and masseter muscle percentage activity (61.52 %).
Patients with a skeletal open bite malocclusion showed
the lowest electrical activity (42.13 %), especially during
chewing.

Similarly, the study by Yousefzadeh et al.
recorded EMG activity of the temporalis, masseter,
orbicularis oris, and digastric muscles in patients with
an anterior open bite, aged 10.1-13.2 years.”” During
clenching, patients with an anterior open bite presented
lower EMG activity on the working side compared with
the controls. During chewing, the anterior open bite
group tends to show higher EMG activity on the balancing
side of the temporalis and masseter when compared with
the normal subjects. It is also possible that the functional
efficiency of the muscles in anterior open bite patients
is lower and lacks canine and incisal guidance, or the
balancing side interferences activate more of balancing

side muscles during mastication. Thus, more or larger

motor units are shown from both sides to generate the
necessary force during mastication. Likewise, Ciccone
de Faria et al. showed that the control and the
dentoalveolar anterior open bite groups presented a
higsher EMG activity when clenching, which differed from
the mean values when chewing, but no difference in
EMG activity between clenching and chewing in the
skeletal open bite group was found.”” Based on these
studies, it may be suggested that the maximal activity of
masticatory musclesisdecreased withanterioropenbite.
Reduced occlusal stability, increased vertical dimension
and weak masticatory muscles were found in subjects
with an anterior open bite.

Ahlgren showed the EMG activity during chewing
in 80 children, but found no significant correlations
between cephalometric measurements and integrated
EMG activity. However, there was a tendency to a neg-
ative correlation (r = -0.3) between EMG activity and the
gonial angle.”* Ahlgren et al. also studied the maximum
voltage amplitudes of surface EMG recordings from the
masseter, anterior and posterior temporalis and showed
that patients with acute gonial angles had lower levels
of masseter muscle activity during swallowing, and
higher anterior temporalis activity at rest than those
with obtuse gonial angles.” Similarly, the significant
association was found in the study of Lowe and Takada
in that a higher resting level for masseter activity was
observed in subjects with short mandibles and steep

occlusal planes.
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In summary, most of the studies showed no
significant different among Angle’s classifications in the
maximum voluntary clenching. The EMG signal in the
postural position was higher in Class lll subjects than in
Class | and Il subjects, while activities in Class | and |l

subjects were similar in some studies.

Masticatory muscle activity and malocclusion in
the transverse dimension

Many studies have also evaluated the asso-
ciation of transversal malocclusions with the function
of the masticatory muscles. Moreno et al. observed
that the presence of a posterior crossbite caused a
large decrease in ipsilateral masseter activity during a
maximum effort test.” Piancino et al. have also shown
that masseter activity was reduced on the crossbite
side, and unchanged or increased on the non-affected
side.® On the other hand, Tecco et al. showed similar
SEMG activity of the masseter muscles in patients with
crossbite and the normal group in rest position and
during MVC in both sides, and suggested that posterior
crossbite had no influence on the activity of masseter
muscle.”” However, they detected a significant difference
in sEMG activity for the anterior temporalis muscle,
which was higher at rest on the crossbite side.

In a longitudinal study of Martin et al, which
assessed sEMG activity of the masticatory muscles and
kinematics movement changes in patients with unilat-
eral posterior crossbite after orthodontic treatment
and one year after the retention phase, the masseter
muscle activity was significantly higher and symmetric
in post-treatment during mastication.” In addition, masseter
muscle and anterior temporalis muscle activity in the
crossbite side increased significantly post-treatment
during clenching and remained unchanged after retention.
Therefore, the benefits of approaching children with
unilateral posterior crossbite and functional shift as
early as possible were emphasized.™

The findings of the aforementioned studies

indicate that craniofacial morphology has a considerable
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influence on the activity of masticatory muscles.
Patients with malocclusion showed a lack of harmony
of the muscle activities, which may associate with growth,
and the development of cranio-facial skeletal features.
Nevertheless, the correlation between craniofacial
morphology and masticatory muscle activity remains
controversial because of variations in sample selection;
for example, skeletal or dental classification, sample
size, as well as age and individual differences in the
masticatory muscle activity. Probably even more
importantly, is how well the masticatory system is
adapted to the malocclusion. Moreover, the interpretation
of sEMG measurements requires a comprehensive
understanding of both the human muscular system and

the information reported by the device.

Masticatory muscle activity and facial morphology

Previous studies have presented correlations
between facial form and masticatory muscle activity,
but their results were difficult to interpret because
of poor reliability of the methods used in previous
investigations. The studies have evaluated and
compared muscle function quantitatively to define the
relative contribution from each muscle to accomplish
a given function. In 1966, Moller analyzed the
relationships between the masseter, the anterior
temporalis, and the posterior temporalis muscle activities,
and cephalometric characteristics of 36 adult males.” A
significant positive correlation between the EMG
activity in the masseter muscle of subjects with
mandibular prognathism and a negative association
with gonial and mandibular plane angle measure-
ments were found during maximal biting. Acute
gonial angles were also correlated with higher anterior
temporalis muscle activity during maximum bite. During
swallowing and at rest, there was a positive relationship
between the amount of facial prognathism and the EMG
activity of the masseter muscle.

Ingervall and Thilander studied muscle

activity in children aged 9-11 years with normal



occlusion in order to determine variations due to
facial morphology.® Facial morphology was examined
with the aid of profile cephalometric and dental
cast measurements. Children with short lower facial
heights showed higher overall muscle amplitudes
during mastication than other children. Higher masseter
activity during chewing and maximal biting was charac-
terized by small lower anterior facial heights, rectangular
shape of the face in profile, and flat mandibular planes.

The associations between muscle activity
and facial morphology shown by these studies also
depended on other individual factors such as neural
control pattem differences or variability in the anatomical
and physiological properties of the muscles which may
also be important in controlling muscle function during
oral function. However, it is difficult to assess such
relationships because of the limitations of using EMG

technique.

Masticatory muscle activity and orthodontic treatment

Many forms of treatment, both pure orthodontic
or orthodontic treatment combined with orthognathic
surgery, generate changes in the masticatory muscles.
The understanding of muscle reaction is important to the
success of treatment and can be used to determine the
treatment modality. Orthodontic treatment is likely
to change antero-posterior, transverse and vertical
dimensions of the patients and enhances normal muscle
activity in terms of the establishment of a normal A-P
jaw relationship and eliminates the excessive overjet
and overbite conditions.

Abnormalities in the vertical dimension have
challenged orthodontists. In orthodontics, they provide
the greatest complications in the treatment itself and the
stability is unpredictable. If forward closing rotation of the
mandible occurs, it may produce a short face and deep
bite. Most orthodontic mechanics are extrusive. During
orthodontic treatment, extrusion acts to maintain or
even increase the vertical dimension. It is known that

patients with a short vertical dimension can generate

higher occlusal forces than normal patients during swal-
lowing, chewing or maximum clenching. The stronger
musculature tends to oppose extrusive forces during
orthodontic treatment. Therefore, it might be difficult
to produce permanent extrusion of the molars and
backward rotation of the mandible in such patients.
In contrast, patients with a long face can create lower
occlusal forces.” The undesirable extrusion of molars
may occur in these patients. Surprisingly, Proffit found
similar bite force magnitude in long-face children and
the controlled group.” The differences in occlusal
force arising at puberty were found. The normal group
gains masticatory muscle strength, but the long-face
group does not. However, it is difficult to instruct young
children to bite with maximum force.

Functional appliances can modify vertical
opening. It was found that a gradual increase in the vertical
dimension caused adaptation of muscles compared with
a one-step activation. No change of muscle activity was
found through the first few hours following appliance
placement. After the first weeks of appliance insertion,
decreased posterior temporalis activity and increased
masseter muscle activity were observed in both tech-
niques. A considerable increase in muscle activity was
observed in the lateral pterygoid muscle.”

Functional appliances are widely used for
the correction of sagittal and vertical occlusal
discrepancies in growing patients. It can rotate the
mandible either forward or downward. This effect may
cause stretching of the masticatory muscles. Erdem A
et al. examined the activities of the anterior temporalis
and masseter muscles during clenching, chewing and
swallowing and the orbicularis oris muscle during
whistling in children with class Il division 1 malocclusion
treated with activator appliance and compared with
untreated patients at the start of the therapy and
12 months later.”® The EMG activities of temporalis
and masseter muscles during clenching, chewing, and
swallowing increased in both groups, particularly in the

treatment group. The EMG activity of the orbicularis
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oris increased significantly only in the treatment group
during whistling.

Saccucci et al. also assessed the change in
upper and lower orbicular oris muscles created by
a performed functional device in 13 children with
Class Il, division 1 malocclusion, deep bite and labial
incompetence and 15 children of the same age with normal
occlusion.” The sEMG recordings were investigated
before the therapy, 3 and 6 months after the treatment
at rest, during kissing, swallowing, opening the mouth,
clenching the teeth, and during protrusion of the
mandible. The treatment group showed a lower sEMG
activity of the lower orbicular oris muscle compared
with the control group at before the therapy, except
during swallowing, with significant differences at rest and
during mandibular protrusion. From before the therapy
to the 3rd month after the therapy, in the treated group,
a significant increase in muscle tone was founded, but
only at rest. The upper orbicular oris muscle showed a
significant increase during protrusion of the mandible
between the 3rd and 6th months after the treatment.
After the treatment, patients seemed to reach a muscular
activity similar to the control group, where no changes
in muscle tone were observed by sEMG.

Ceneviz et al. examined the immediate result
of the EMG activity of muscles in different mandibular
positions.” Surface EMG recordings were compared
between subjects with a repositioning appliance
and non-repositioning appliance. The repositioning
appliance increased the vertical dimension and
midlined the mandible by aligning the maxillary and
mandibular frenum. Non-repositioning appliance increased
the vertical dimension in the habitual path of closure. This
study found reduced EMG activity of the masticatory and
cervical muscles in the MVC and rest positions in the
repositioning appliance group. Akkaya et al. evaluated
the outcomes of spring-loaded posterior bite-blocks on
the muscles in the treatment of skeletal anterior open
bite children. After the treatment, the increase in

muscle activities was observed as a result of the
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appliance used. The changes might be the result of an
increase in muscle strength from spring-loaded posterior
bite-blocks therapy and strengthening the muscles of
mastication could have a beneficial effect on the facial
growth in children with excessive lower anterior face
height. During spring-loaded posterior bite-blocks therapy,
more teeth come into seating occlusion while the anterior
open bite is closed because of anterior rotation of the
mandible. Thus, the significant higher masseter muscle
activity during swallowing and higher muscle activity
during chewing for the anterior and posterior temporalis
and masseter muscles could also be explained by more

tooth contact.

The clinical uses of surface electromyography in
dentistry include diagnosis and biofeedback. However,
the technique has some limitations in using absolute
EMG values to quantify muscle activity during uncon-
trolled functions. If its reliability could be improved,
surface EMG can possible be used in many areas of
orthodontics, for example, monitoring of orthodontic
therapies and evaluation of stomatognathic system
dysfunctions in subjects with malocclusion under the
controlled experimental protocol.

This review describes the association between
the function of the masticatory muscles and craniofacial
morphology, and confirms the benefits of surface
electromy ography as a non-invasive, objective, and
specific tool that expands our knowledge about the
anatomy, physiology and pathology of the stomatognathic
system. A more accurate assessment of muscle
function and its relationship to facial morphology can
be achieved by applying a reliable method for quantifying
muscle activity under controlled experimental conditions.
The inconsistency in impedance, which affects the
reliability, can be reduced by an adequate quantitative
EMG analysis with normalization procedures. The results

were obtained as a percentage of another high-



reproducible activity of the muscle recorded under the
same conditions.

Abnormal EMG activity may indicate the need
in solving of many malocclusion problems. Stability of
the treatment results from normal and coordinated
masticatory muscle activity. However, studies presenting
the comparison on the effect of orthodontic treatments
on muscle activity between pre and post treatment are
few due to unacceptable or uncontrollable experiment

protocols.
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A Review on Current Treatment Modality of Mandibular Prognathism
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Mandibular prognathism has been described as one of the most severe maxillofacial deformities. The

etiology involves systemic disease, genetic influence or neuromuscular imbalance. Treatment modalities include

growth modification, comprehensive orthodontic treatment and combined orthodontic-orthognathic surgery. The

early treatment attempts to restrain the prognathic mandible with external force. Skeletal anchorage is also

currently used in conjunction with orthopedic appliance. The camouflage treatment is done in more severe cases

using various techniques and other adjunctive procedures such as the use of skeletal anchorage and induction

of regional acceleratory phenomenon. Mandibular set back can be done in combination with other surgeries to

eliminate prognathic jaw. The surgical first approach and the minimal pre-surgical orthodontics (MPO) technique

have been popular lately, but careful case selection is necessary. The stability and several factors that contribute

to unfavorable treatment outcome are reported.
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The prevalence of Class Il malocclusion has been
described between 1 %' to over 10 %’ depending on
ethnic background, sex, age and diagnostic criteria used.”
The prevalence increases in Asian ethics ranging from 4
-5 % for Japanese5, 12-14.5 % for Chinese®” and 19 % for
Korean population.” Among the disporportion of Class

Il skeletal dysplasia which can be manifested as a

mandibular prognathism, maxilliary deficiency or a
combination of both, the prognathic mandible has been
described as one of the most severe maxillofacial
deformities.” The etiology of mandibular prognathism
varies greatly. It has a possibility to be associated with
systemic disease in case of the hyperpituitarism, as

growth hormone is over produced resulting in overgrowth
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of tissues that are still capable to grow at the time of
onset. If the situation emerges during childhood,
prominent skeletal growth and large stature occur for
the whole body as Gigantism. In contrast, Acromegaly
occurs at the adult onset as there is less skeletal growth;
the mandible and mandibular condyles appear large
together with lips, tongue, nose, paranasal sinuses and
sella turcica. In case the mandibular prognathism is
associated with excess condylar growth, it can be seen
as large mandibular plane angle, flaring of anterior
maxillary teeth, anterior open bite and large tongue.”
Without systemic disease, Class Ill malocclusions can
exist with any variations of the candidate genes that
undergo gene-environmental interactions which cause
Class Il malocclusion comorphologies in the maxillofacial
region."" Moreover, Class Il malocclusion is a polygenic
disorder resulting from an interaction of susceptibility
genes and environmental factors.”” There was a research
on the family pedigrees that confirmed the monogenic
dominant phenotype among members of the families.
In addition, the genes that encode specific growth factors
or other signaling molecules including Indian hedgehog
homolog (IHH), parathyroid-hormone like hormone
(PTHLH), insulin-like growth factor-1 (IGF-1), and vascular
endothelial growth factor (VEGF) were involved in a
mechanical strain in the growth of condyles. Levels of
these genes’ expression are varied and play an important
role in the etiology of Class Ill malocclusion. Therefore,
mandibular prognathism typically relates with familial
aggregation."” Various genetic models have been
described and it is assumed to be a multifactorial and
polygenic trait with a threshold for expression. Apart
from genetic influence on mandibular prognathism,
many evidences show that the environment has an
influence on bone remodeling. The alteration of muscle
can cause abnormal formation of mandibular shape as
it is found that neuromuscular activity is associated with
the adaptation of mandibular condyle’s structure.™
There are studies showing that the role of function

corresponds with bony structure as the qualitative and
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quantitative changes in condylar cartilage occur from
the decrease in function. This finding was correlated with
Moss’s functional matrix hypothesis' which reported the
roles of genetic and epigenetic influence on craniofacial
morphology. The complexity of prenatal srowth pattern
of the mandible may be affected by the morphology
of masseter muscle.'® In addition, mandibular protrusion
may be associated with an increase in lower lip closing
force.'” Apart from the role of muscles, prognathic
mandible may be the outcome of the lack of
interdigitation as there is no physical restraint, which
leads to incremental growth of the condyle." Moreover,
the mandibular overclosure and anterior displacement
probably play a part in Class lll discrepancy. It is
complicated to make a clear cut decision whether the
jaw discrepancy in Class Il malocclusion is actually a
result of mandibular position, mandibular size or a

combination of both."

Treatment modalities

The treatment options for prognathic mandible
can be varied depending on age and severity of the
problem. At early age, the orthopedic treatment is a
treatment of choice to eliminate or to reduce the
severity of the problems. The chin cup and/or facemask
are used for facial growth modification in Class Il treatment.
For growing and non-growing patients with mild to
moderate Class lll problem, the conventional orthodontic
treatment is done to compensate abnormal skeletal
structure. The range of camouflage treatment is recently
widened, but still limited and it must be done with great
caution using a variety of techniques. The orthognathic
surgery in conjunction with orthodontic treatment can
be done in patients with large amount of discrepancy
and absence of growth. For patient with mandibular
prognathism, sagittal split ramus osteotomy (SSRO) and
intraoral vertical ramus osteotomy are common surgical
procedures to setback the mandible. The surgery-first
approach and the minimal presurgical orthodontics

(MPO) technique have been popularized to decrease



the treatment time. In addition, the skeletal anchorage is
extensively used to increase the effectiveness of growth

modification, camouflage treatment and orthognathic

surgery.

Early treatment

Early treatment attempts to restrain mandibular
growth by external forces in prognathism patients. It
causes downward and backward rotation of the
mandible.” Chin cup therapy is an example to target on
the restraint of the mandibular growth. Even though
chin cup produces an upward and backward force, the
growth in length cannot be diminished with the
appliance, but results in the downward rotation of the
mandible instead. Therefore, chin cup therapy is

favorable for patient with short face, not for long face.

In orthopedic chin cup therapy, prognathic mandible is
corrected by backward and downward rotation,
whereas change in skeletal dimension is less substantial.”
The skeletal framework seems to develop before
prepubertal period, therefore chin cup appliance can
rarely change the inherited prognathic characteristic at
the end of the growth.”” The profile is improved only
at the initial stages of chin cup therapy. However, the
treatment allows the maxillary growth to catch up with
the controls after anterior crossbite correction. The chin
cup is also used in conjunction with maxillary protraction
appliance. The treatment allows the maxilla to move
forward with counterclockwise rotation and the
mandible is retarded in growth combined with clockwise

rotation.”

Figure 1 A. Chin cup. B. Maxillary protraction appliance

The post treatment observation shows that the
maxillary growth modification from the appliance is
persisted, but the mandibular growth is still excessive.
As the forward growth of the maxilla is maintained, this
leads to the conclusion that the combined maxillary
protraction and the chin cup appliance is one of the
effective therapies. The intermaxillary traction attached
directly to skeletal anchorage can also be used during
adolescence to move the maxilla forward and
simultaneously restrict the forward mandibular growth,
therefore preventing the occurance of backward jaw
rotation.”” There are 2 advantages from using skeletal

anchorage in Class lll orthopedics i.e. 1) minimizing both

dentoalveolar changes and downward and backward
mandibular rotation and 2) providing greater skeletal
changes for the maxilla, mandible, and temporomandibular
joint from light continuous force from Class Il elastics.
The remodeling or relocation of the condylar fossa and
distal movement of the condyles are discovered in CBCT
superimpositions. They observed that only 20 % of the
patients had forward movement of chin. Most longitudinal
studies reveal the relapse of prognathic mandible after
growth. The characteristics that determine successful chin
cup therapy in patients with skeletal Class lll malocclusions
is the amount of backward rotation from the orthopedic

treatment.” The greater clockwise rotation of the mandible
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during chin cup therapy leads to greater forward rotation
and forward mandibular growth as a relapse in later
years. The initial cephalometric value that may be used
to predict the relapse of mandibular growth is the large
gonial angle as it is mostly observed in unsuccessful
cases. In addition, the forward position of the mandible
that occur after pubertal growth in Class Il growing
patients is found in patients who have small ramal
length, large mandibular length, and obtuse gonial
angle.” As a consequence, it would be wise to evaluate
these parameters in the diagnosis and treatment
planning of the growing skeletal Class Il malocclusion
patients before initiating orthopedic therapy. Skeletal Class
Il malocclusion should be over-corrected aggressively
toward Class Il occlusal relationship. The positive overbite
and overjet relationships should be achieved in the
early treatment to be able to maintain long-term

stability of the treatment outcome.”

Conventional orthodontic treatment

For patients who are over aged for growth
modification, it is always a challenge to make a good
choice for the camouflage treatment or the combined
orthodontic and orthognathic surgery. The guideline for
non-surgical compromised treatment described by
Proffit”’ was applicable to only mild skeletal Class Il
patients who had reasonably good alisnment of teeth
and good vertical proportion. The acceptable occlusion
and reasonable facial esthetics could be achieved by
adjustment of incisor position. The reason for not
compromising moderate Class Il cases is because
retraction of the lower incisors often makes the chin
more prominent and worsen the facial profile. Vertical
problem is also likely to develop by extruding mechanic
on posterior teeth and cause long face problem.
However, the risk and cost of surgical procedure are
higher than conventional orthodontic treatment and
patients sometimes refuse to undergo surgery. There
are recently wide ranges of techniques which involves

camouflage treatment in more severe cases. The
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treatment can be done with non-extraction or extraction
procedure depending on individual plan.

Several studies have shown the successful Class
Il non-extraction treatment using multibrackets with
Class Il elastics and multiloop edgewise archwire
therapy (MEAW).”*' Class Il elastics can be used to
correct Class Ill relationship, but it has adverse effects;
proclination of the maxillary incisors, extrusion of the
maxillary molars and downward and backward rotation
of the mandible. These consequences affect the
inclination of occlusal plane, the interincisal relationship
and the temporomandibular joint, thus it may cause
unpleasing facial profile and instability of the result.
With caution of those adverse effects, Class I elastics
are still the most approved tools in the correction of
Class lll skeletal discrepancy and the clockwise rotation
of the mandible actually benefits prognathic mandible
patients with prominent chin. The extrusion of posterior
teeth moves the dentition toward Class | occlusion and
provides backward mandibular rotation to improve Class
Il facial profile. In this case, the lower facial height is
also increased, so it is contraindicated in patients who
have long face. In addition to the conventional archwire,
the multiloop edgewise archwire technique is introduced
to control individual teeth with the use of Class Il elastics,
as the tip back activation in posterior segments uprights
and distalizes all lower teeth to correct Class lll malocclusion.
The multiloop edgewise archwire technique can distalize
and upright all mandibular teeth without significant
clockwise rotation of the mandible which is favorable
for patient with openbite tendency.”” Compliance s still
needed for the use of Class lll elastics otherwise openbite
would be worsened. Instead of attaching Class Il elastics
directly on the maxillary teeth, microimplant can be
placed on the maxilla as point of elastics application
to multiloop edgewise archwire in order to decrease
upper molar extrusion. As a consequence, the backward
mandibular rotation can be prevented.” The upper
incisors are not proclined, so the positive overjet is

mainly obtained from the distal tipping of lower molars



and the retroclination of lower incisors, which improve

the patients’ profile more than the MEAW itself. When

using maxillary skeletal anchorage, the lower dentition is

attached to it while the upper dentition is not.

Figure 2 A. Multiloop edgewise archwire technique with Class Il elastics attached to upper dentition.

B. Multiloop edgewise archwire technique with Class Il elastics to maxillary skeletal anchorage.

Nowadays, temporary anchorage devices can
be used to correct Class Ill malocclusion by a variety of
mechanics. Microimplant is also feasible to be used with
multiloop edgewise archwire to eliminate patient’s
compliance from wearing Class lll elastics. Moreover,
they can be placed to correct Class Il malocclusion in
the upper arch by mesializing total maxillary dentition
or in the lower arch by distalizing total mandibular
dentition. For mandibular arch, the well-known position
for microimplant placement is the retromolar area or
the interradicular space between the mandibular first
molars and the second premolars, or between the first
and second molars. The retraction of mandibular
dentition can be done by distalization or uprighting the
teeth with elastics or coil springs attached to microim-
plants. In case the maxillary dentition is to be moved
forward, microimplant placement can be done at
anterior maxillary arch to protract the maxillary teeth.
To avoid arch expansion after outward direction of pull
from buccal protraction, palatal implant can be used
together with buccal implant to cancel the side effect.”
The transpalatal arch may be placed to control posterior
teeth inclination or the torque compensation in the
archwire can be helpful. Even though the microimplants
provide much more mechanical advantages than the
conventional technique, the biological limitation should
be taken into account. Regional acceleratory phenomenon

is sometimes introduced combining with microimplant

system to reduce the treatment time. Regional acceleratory
phenomenon obtains from some types of
procedure such as puncturing cortical bone and extracting
tooth. There are also other types of procedures that
accelerate tooth movement i.e. laser treatment,
vibration, and a pharmaceutical approach during
retraction of the mandibular dentition and protraction
of the maxillary dentition.

Extraction of four premolars, lower premolars,
mandibular molars or mandibular incisor can be done
to correct Class Ill problem non-surgically. Lower teeth
are removed to provide space for incisor retraction in
order to compensate for the prognathic jaw. However,
the extraction choices depend on many factors such as
tooth-arch discrepancy, cephalometric discrepancy,
facial profile, anteroposterior relationships, dental
asymmetry, facial pattern and pathologies.™ Lower
premolar extraction is commonly done in Class IlI
camouflage treatment or four premolar extractions can
be performed when upper teeth also present with
protrusion or significant amount of crowding. Satisfied
occlusal relationship and improve facial esthetics can
be achieved with the use of Class Il elastics for final
settling in the borderline surgical-orthodontic
patients.”” For patients who have vertical growth
pattern, it would be favorable to extract lower molars
to close the bite from wedging effect of condyles and

to allow counter clockwise rotation of the mandible to
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occur. Careful consideration on chin prominence should
be made especially in patients who already have an
overclosure as it increases with mandibular forward
rotation. So molar extraction is more suitable in the
prognathic one with vertical growth pattern, but have
a chinless appearance. Moreover, the presence of
lower third molar is the prerequisite for this type of
treatment. The extraction of mandibular molars is also
performed when the premolars are missing or the
molar itself has unrestorable pathology.”” Lower second
molars can be extracted for dental compensation in
moderate Class Ill cases with vertical growth pattern
and normal overjet & overbite can be achieved. The
occlusal plane rotates anteriorly and the counter
clockwise rotation of the mandible occurs.”® Jacob et
al. reported that the potential side effect was the upper
second molars elongation. Therefore, opposing teeth
should be well controlled especially when extracting
the mandibular molars because the treatment time often
prolongs during space closing procedure. The extraction
of the mandibular incisor is done in some conditions such
as mild to moderate Class Ill malocclusion, mild anterior
mandibular tooth size excess, periodontally compromised
teeth, ectopic eruption of mandibular incisor and
minimal openbite tendencies.” Incisor could be extracted
when posterior occlusion is acceptable, the crowding
of upper and lower incisors is minimal and the overjet
should be edge-to-edge relationship or not lesser than
negative one millimeter because the extraction space
is going to be used for anterior crossbite correction.
Even though, successful treatment has been obtained
in many studies, the stability needs to be re-evaluated.
In summary, the choices of extracting teeth need to be
evaluated individually on the case-by-case basis, as
there are several factors involved. The examples of
extraction option are degree of crowding, shifting of
dental midlines, initial and final occlusion, number and
size of teeth, quality and quantity of alveolar bone
housing, condition of teeth and other environmental

factors that affect malocclusion.
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Orthodontic treatment combined with orthognathic
surgery

The degree of severity, skeletal pattern and
age of patient indicate whether Class Ill treatment can
be done with camouflage treatment or orthognathic
surgery. According to Baik’s study, the camouflage
treatment was only recommended for patients who
presented with a mild to moderate skeletal Class |ll
discrepancy and a hypodivergent skeletal pattern.”
Relapse occurred in the long-term after treatment in
patients who exhibited late excessive mandibular
growth; hence, they were not good candidates for this
type of conventional orthodontic treatment. In contrast,
a study by Burns et al. showed that there were no
significant differences in skeletal, dental, and soft-tissue
changes between camouflage and surgical groups after
the treatment.”’ Therefore, wide range of skeletal
dysplasia could undergo conventional orthodontic treatment
when tooth movement provided no deleterious effects
to the periodontium. However, the optimum treatment
plan for skeletal Class lll patients should be diagnosed
and established properly avoiding unrealistic expectation
from clinicians and patients. In general, the orthognathic
surgery combined with orthodontic therapy in adult
mandibular prognathism is an indication for moderate
to severe Class Il skeletal discrepancy. The clinical
indicator is more clearly explained with the envelopes
of discrepancy presented by Proffit and Ackerman in
1985 which showed limitation of orthodontic treatment
alone, orthopedic treatment and orthognathic surgical
treatment. * Moreover, Zeng et al. reported of appropriate
ANB and L1-MP angle for orthodontic camouflage, as
they should be over -3 and more than 82 degrees,
respectively.” Similarly, Kerr et al. showed that the
value below -4 and less than 83 degrees were the point
at which surgery was almost always carried out.”* On
the other hand, Rabie et al. recommended using 12
degree Holdaway angle as a cutoff point in determining
the treatment modalities.” Stellzig-Eisenhauer, et al.

also conducted a proper guidline to separate Class Il



patients who could be properly treated orthodontically
from those who required orthognathic surgery using
stepwise discriminant analysis.” The study was based
on large samples leading to highly significant result for
the discriminant function model. The Wits appraisal,
length of the anterior cranial base, maxillary/mandibular
(M/M) ratio, and lower gonial angle were extracted
variables. The resulting equation was Individual score
=-1.805 + 0.209Wits + 0.044 SN+ 5.689 M/M ratio - 0.056
Golower. If the individual score was lesser than 0.023, the
orthodontic treatment combined with orthognathic

surgery was recommended. Nevertheless, limitations of

the multivariate model were that the cephalometric
analysis and the clinical record used in this study
disregarded the transverse components and the facial
esthetics. All in all, clinicians’ perception and patients’
expectation are important in selecting treatment
modality as well as other biological and biomechanical
limitations.

The surgical correction for mandibular prognathism
contains two common methods, which are sagittal split
ramus osteotomy (SSRO) and the intraoral vertical ramus
osteotomy.”’ Both methods provide desirable occlusion

relationship for the patients by setting back the mandible.

Figure 3 A. Sagittal split ramus osteotomy. B. Intraoral vertical ramus osteotomy

In case of mandibular prognathism, dentoalveolar
compensation is likely to occur in both maxillary and
mandibular arches. The role of orbicularis oris musculature
may restrain the lower incisors and alveolar process to
retrocline the crown while the roots move forward with
the mandible causing lingual tipping of the mandibular
incisors along with the alveolar process to compensate
for the prognathic mandible. In contrast, upper incisors
and upper alveolar process are more proclined as the
tongue in prognathic jaw tips them labially. The role of
pre-surgical orthodontics is to eliminate dentoalveolar
compensation by aligning them in their proper basal bone
so that the mandible can be set back more extensively.

The better functional and aesthetic results are obtained by

proper orthodontic preparation during decompensation
procedure. The amount of tooth movement for decom-
pensation may be beyond orthodontic limit. It can be
corrected surgically by anterior segmental osteotomy
for both upper and lower arches. Apart from setting
back the mandible, it is able to move in many directions.
For example, moving it backward along the occlusal
plane helps decrease in the mandibular plane and
anterior facial height. In asymmetrical case, setting back
the mandible with different amount can also be done.
The transverse dimension can be corrected by either
narrowing mid-symphysis or widening with distraction
osteogenesis, but the distance should not exceed the

amount at which torqueing of the condyles occur.
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Figure 4 A. Mandibular narrowing. B. Mandibular widening

Subapical segmental osteotomy is sometimes
used instead of mandibular set back in case of compromised
airway or in combination with mandibular set back to
increase the amount of mandibular retraction. Class Il
skeletal discrepancy sometimes occurs with maxillary
dysplasia. The surgical correction of maxilla such as
maxillary advancement for antero-posterior correction
or surgical assisted rapid palatal expansion for transverse
correction often needs to increase the stability for
maxillary expansion. In more severe cases, distraction
osteogenesis is performed to increase bone and soft
tissue healing in the osteotomy area, so the jaw can be
moved for a greater distance. However, the orthodontic
treatment combined with orthognathic surgery is always
a multidiscriplinary approach involving decision from
surgeon, orthodontist and patient.

The concept of surgery first followed by
orthodontic treatment has recently been popularized.
This concept and technique are called “surgery - first

orthognathic — approach” or “surgery - first approach”.

The criteria suggested by Sharma et al. for this type
of treatment were well-aligned to mild crowding, flat
to mild curve of Spee, normal to mild proclination/
retroclination of incisors, minimal transverse discrepancy
and cases in which minimal decompensation was
needed.” Liou et al. emphasized that the technique
treated esthetics first and then occlusion by using
osteotomy to solve both skeletal problems and dental
compensation.” The solid final occlusion was set up
with postoperatively adjunctive orthodontic treatment.
The benefits of surgery-first approach include improvement
of the patient’s chief complaint, dental function, and
facial esthetics since the start of the treatment and
postoperative accelerated orthodontic tooth movement
helps decrease difficulty and treatment time in the
orthodontic treatment. The regional acceleratory
phenomenon occurs after an osteotomy and produces
a transient burst of bone remodeling and turnover

activities for 3-4 months after the orthognathic surgery.®

Figure 5 Example of a surgical-first patient showing immediate profile and occlusal improvement.

A. Pre-treatment profile. B. Post-surgical profile. C. Pre-treatment occlusion.

D. Surgical archwire passively inserted prior to surgery. E. Post-surgical treatable occlusion
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Even though there is a psychosocial benefit as
the patients do not need to suffer from deteriorated facial
profile and poor occlusal function during decompensation
phase, there is difficultly in matching dentition during
surgery because the orthodontic decompensation and
arch coordination have not yet been done. Therefore,
precise prediction is very important. Some studies
reported the instability and unpredictable results from
surgical first technique.”" If major orthodontic movement
after surgical-first procedure is required, the conventional
approach is better selected, otherwise post-surgical
orthodontic treatment is prone to be complicated.
Recently, the minimal presurgical orthodontics (MPO)
technique is introduced to increase the predictable
results of surgery.””™ The pre-surgical orthodontic
treatment is reduced to a maximum of 6 months including
maxillary and mandibular arch coordination and eliminating
or minimizing occlusal interferences. The advantage of
surgical-first procedure is that the patients do not need
to experience worsen appearance and occlusion from
prolonged pre-surgical phase as much as in the
conventional orthognathic surgery. Furthermore, the
treatment time is shortened as the post-surgical regional
acceleratory phenomenon (RAP) still occurs for post-
surgical orthodontic tooth movement.”** In conclusion,
the technique selected should be feasible for both
orthodontist and surgeon and it will give greatest benefit
to the patients in term of function, esthetics and stability.
In addition, unrealistic expectation from patients should
be initially explained and eliminated.

Stability

The early treatment begins at various ages
depending on the types of malocclusion and patient’s
compliance. There are both stable and acceptable
treatment outcomes, and unstable unsatisfactory results
in the long term.”"*****" Types of mandibular rotation
& displacement and the degree of forward growth of
the mandible are associated with unstable outcomes
in patients who undergo early chin cup treatment

during mixed dentition.®” During the early treatment

stage, the mandible is rotated downward and backward.
The relapse occurs from the growth that causes rotation
in an upward-and-forward direction. The forward growth
and upward-and-forward rotation occur tremendously
after the puberty. The key initial cephalometric features
that discriminate stable and unstable groups are the
gonial angle, N-A-Pog angle and ramus plane to SN plane
angle. The gonial angle is significantly larger at the
beginning in the unstable group and increases progressively
with the growth. Ferro et al. also suggested that the
initial low Wits appraisal, increased ramus length,
decreased ANB angle, less overbite and high SNB angle
were associated with the relapse of the facial growth.”
Treatment with splints, Class Ill elastics, and chin cup
did not cause backward mandibular rotation; therefore,
the forward growth rotation found in follow-up for 9
years could not be considered a relapse from the
early treatment. Moreover, it was found that 81.8
percent of the long-term follow-up patients, who
underwent combination of RME and chin cup treatment
followed by fixed appliances, had stable treament
results.” The mandibular position shows favorable
outcomes meanwhile the RME and protraction from
chin cup therapy can be considered an efficient appliance
in treating growing girls with mild skeletal Class Il
malocclusion caused by maxillary retrusion and
mandibular protrusion. Most of the early treatment
requires second phase of fixed conventional orthodontic
treatment using Class lll elastics. Treatment in
patients with growth potential gives successful results
by gradual dentoalveolar remodeling together with
proper treatment mechanics and sufficient treatment
time.” For patients who undergo camouflage treatment
which often increases the initial dental compensation
without producing noticeable skeletal change. The facial
changes are limited, but the satisfactory and stable
occlusion on 3-year follow up are obtained with dental
and smile esthetic improvement.” However, the stability
of non-surgical Class lll treatment still requires further

inverstigation as there are only a small amount of stud-

Kamoltham and Thongudomporn, 2017 127



ies on this type of treatment modality.

The stability of sagittal split ramus osteotomy
for mandibular setback surgery with rigid internal fixation
was reviewed systematically by Joss and Vassalli. From
14 articles including post-surgical study with time ranging
from 6 weeks to 12.7 years, it was found that the horizontal
short-term relapse was between 9.9 % and 62.1 % at point
B and between 15.7 % and 91.3 % at pogonion.”’ Long-term
relapse was between 14.9 % and 28.0 % at point B and
between 11.5 % and 25.4 % at pogonion. In the long-term,
the amount of relapse did not change significantly from
the short-term follow-up. Major relapse usually occurred
within 1 year postoperatively.” In the long-term, horizontal
relapse was 2.3 mm (28.0 %) at B point and 3.0 mm
(34.1 %) at pogonion and vertical relapse was 1.6 mm
(69.6 %) at B point and 1.7 mm (85.0 %) at pogonion as
reported by De Villa et al. In contrast, the hard tissue
relapse at Pogonion was only 21 % at 1 year after the
surgery from Chou et al.’s study.” The sagittal split
ramus osteotomy technique for mandibular setback
provides reasonably effective treatment and stable
results for both the short and long term follow-ups.
Relapse occurs from multifactorial causes such as proper
seating of the condyles, the amount of setback, the soft
tissue and muscles, remaining growth and remodeling,
and gender, whereas the age of patients does not show
any correlations.”” The magnitude of setback is not
correlated with the amount of relapse at point B and
pogonion, while the amount of vertical relapse at B
point and pogonion is significantly correlated with the
magnitude of vertical and downward surgical displace-
ment.®® The post-operative relapse for mandibular
setback using sagittal split ramus osteotomy is minimized
with intentional ostectomy of the posterior part of the
distal sesment. Kim et al. compared the results between
the 2 groups and found that the group with intentional
osteotomy had less post-operative relapse at both 6
and 12-month follow-ups.” They concluded that this
technique might be used to increase long-term stability.

The relapse of hard and soft tissue can be different.
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The stability of soft tissue profile after mandibular set-
back in SSRO in the long-term showed the relapse at
point B and pogonion of 3 % and 13 %, respectively
after 12.7-year follow-up. Overall, the surgical technique,
the normal process of human aging, the initial growth
direction, and remodeling processes affect postoperative
long-term stability. Female also exhibits more favorable
direction of growth because of further posterior
movement of the mandibular soft tissue.”

The stability between one and two-jaw surgery
are compared in order to evaluate the effectiveness of
one-jaw mandibular setback surgery with rigid internal
fixation over the two-jaw technique.” The main cause
of forward movement of the chin is a recovery of ramus
inclination in patients undergoing 1-jaw mandibular
surgery. The 2-jaw group has rather forward movement
of the gonion or upward movement of the maxilla that
allows upward-forward rotation of the mandible as a
cause of chin position change. It can be concluded that
the control of ramus position is better with the 2-jaw
surgery. Ngan and Moon described 80 % stability of
maxillary position after the surgery. The relapse tendency
was less than 4 mm.* Therefore, mandibular setback
combined with maxillary advancement together with
rigid fixation provided acceptably stable results. The
unstable result is often found in isolated mandibular
setback. The factor that causes relapse of mandibular
surgery is condylar sagging because the condyles sag
posteriorly when patient is in a supine position during
the surgery. The mandible moves anteriorly to its original
position resulting in surgical relapse. The 2-jaw surgery is
now often performed for Class lll correction to increase
post-treatment stability. Another factor associates with
relapse after mandibular setback is the muscular
factor.”” The reduction of muscular force should be
considered because exacerbation of tension in the
pterygomasseteric sling or postoperative contracture of
the operated soft tissue and muscles lead to unstable
results. Moreover, the application of the distal ostectomy

technique (intentional ostectomy of the posterior part



of the distal segment) in addition to bilateral SSRO can
reduce the relapse significantly as the technique
decreases the tension in the pterygomasseteric sling in

the posterior mandible.

The selection of treatment plan for mandibular
prognathism depends on both biological and mechanical
considerations. However, the ideal treatment plan does
not always perform; the limitations such as risk and cost
must be taken into account. At some points, both
clinicians and patients agree to the preferable
compromised treatment, hence, precise communication
regarding patient’s expectation prior to initiation of

treatment is essential.
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Maxillomandibular Advancement in Treating Obstructive Sleep Apnea
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Currently, the number of obstructive sleep apnea (OSA) patients has been increasing. OSA can be life
threatening if it is not treated. The clinician can perform either conservative or surgical treatment. Treatment choice
depends on several factors, such as OSA severity, patient needs, and the advantages and limitations of each treat-
ment. Maxillomandibular advancement (MMA) is considered to be the most effective surgical technique for treating

OSA and has a high success rate. However, this approach has disadvantages, such as the associated risks and cost.
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This review article presents an overview of MMA, including its effect in treating OSA, facial profile changes, complications,

and stability after MMA.
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Table 1 The differences between orthognathic surgery and maxillomandibular advancement for obstructive sleep apnea

Orthognathic surgery

MMA surgery

Sex Male or female
Age Young
Health Usually healthy

Surgical goal

Amount of movement

tral incisors and facial esthetic

Orthodontic treatment Must

Correct the occlusion and improve esthetics

Depend on the esthetic position of maxillary cen-

Mostly male
Middle age or older
Many medical comorbidities

Relieve upper airway obstruction

Up to 10 mm advancement

Might accept the existing bite
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Table 2 Skeletal changes before and after maxillomandibular advancement (mean + S.D.)

SNA (degree) SNB (degree) ANB (degree) PAS (mm.) MP-H (mm.)
Pre-MMA Post-MMA Pre-MMA Post-MMA Pre-MMA  Post-MMA  Pre-MMA Post-MMA  Pre-MMA Post-MMA
Prinsell et al** 79.0+4.2 86.4+4.1 74.7+4.1 81.6+4.1 N/A N/A 5.1+2.4 11.6+3.4 24.3+5.8 22.4+6.0
Li et al*? 85.6+3.5 93.1+4.2 81.2+1.7 87.5+3.4 N/A N/A 5.1+2.4 9.7+3.1 24.3+7.7 17.5+7.7
Liu et al® 80.17+3.71  85.34+6.21 72.35+4.50 75.80+5.16 8.00+2.21 9.70+2.44  6.75+2.64 9.79 +3.26  25.41+824  21.21+7.13
Cohen-Levy et al* 82.80+331 89.13+3.31 78.26+4.35 84.66+3.38 4.53+1.92 4.40+1.42 6.89+299  12.4+3.02  25.44+4.41  1833+2.90
Gerbino et al* 82.5+2.9 87.7+3.7 78.7+3.2 82.1+3 N/A N/ A 6.7+2 14.1+19 27+3.6 23.2+2.7

N/A: not available

MMA: maxillomandibular advancement, SNA: sella-nasion- A point of maxilla, SNB: sella-nasion- B point of mandible, ANB: A point of

maxilla-nasion-B point of mandible, PAS: posterior airway space, MP-H: Mandibular plane to hyoid distance
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Table 3 Soft tissue changes before and after maxillomandibular advancement (mean + S.D.)

NLA (degree) UL-E (mm.) LL-E (mm.)
Pre-MMA Post-MMA Pre-MMA Post-MMA Pre-MMA Post-MMA
Liu et al*® 100.80+13.83 100.31+9.52 0.38+1.11 0.47+1.11 1.04+1.82 -0.06+0.90
Cohen-Levy et al* 96.7+18.7 91.0+22.8 -0.67+2.69 -2.87+2.47 -3.46+2.53 -2.26+2.37
Gerbino et al* 131.91 131.43 N/A N/A N/A

N/A: not available

NLA: nasolabial angle, UL-E: upper lip to E line distance, LL-E: lower lip to E line distance
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Demineralized Tooth Matrix Used as A Bone Graft in Ridge

Preservation: A Case Report

Warisara Ouyyamwongs', Butsakorn Akarawatcharangura'and Srisurang Suttapreyasri'

'Department of Oral and Maxillofacial Surgery, Faculty of Dentistry, Prince of Songkla University, Songkhla

Alveolar ridge resorption after tooth extraction is frequent, clinically significant and makes the placement
of an implant-supported restoration difficult. Different types of bone substitutes such as xenograft, allograft and
hydroxyapatite have been used for ridge preservation. Tooth is a hard tissue with similar organic and inorganic
compositions to bone, and thus it could be used as a potential bone graft substitute. In this case report, an
autologous demineralized tooth matrix (DTM) was used to preserve and augment the alveolar bone after tooth
extraction, before dental implant installation. After 3.5 months, the bone core was trephined for histologic analysis
and the dental implant was placed. During the healing period, neither infectious occurrence nor unexpected clinical
symptoms were observed. DTM demonstrated good soft and hard tissue contour maintenance. At the time of
implant installation, the socket was completely filled with osseous tissue. A histological examination showed new
bone formation and resorption patterns of the DTM particles. The clinical and histological findings suggest that filling an
extraction socket with DTM is a good alternative for implant site preparation. The results of this case report confirm

the resorption of the DTM over time and the formation of quality new bone at the graft site.
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The dimensional change of an alveolar ridge is two-thirds of the loss occurred in the first 3 months.'”
unavoidable over time after tooth extraction and ranges The deformities lead to difficulty in the implant
of width and height reduction from 2.6-4.6 mm and placement. However, it is possible to minimize such
0.4-3.9 mm were confirmed, respectively. In addition, problems by ridge preservation procedures in the
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extraction sockets using grafting materials with or without
barrier membranes. Ridge preservation has been a
proposed method of preserving the tissue contours
at extraction sites for later implant placement.’ Ridge
preservation should be considered at the time of tooth
extraction if the buccal plate was thin or the socket
wall was defective to reduce the need for future ridge
augmentation.

Degrees of bone formation and residual graft
materials in ridge preservation depends on the materials
and techniques used. Various bone graft materials
have been reported to minimize the resorption of the
alveolar bone at the extraction site, such as allograft,
xenograft, and alloplasts. They have been used in an
attempt to maintain the dimensions of alveolar ridge
after extraction.”

The extracted tooth, which is considered as
medical waste and simply discarded, is composed of
inorganic and organic components in comparable ratio
to that of bone. For the inorganic component, tooth
has four phases of biological calcium phosphates that
interact with each other®: hydroxyapatite (HA), tricalcium
phosphate (TCP), octacalcium phosphate (OCP), and
amorphous calcium phosphate (ACP). Regarding the
organic component, the collagenous proteins constitute
approximately 90 % of the dentin organic matrix,
while the remaining include a small amount of growth
factors such as bone morphogenetic proteins (BMP),
phosphoproteins, osteocalcins, proteoglycans, and dentin
sialophosphoproteins.” Therefore, there has been more
interest in using tooth as a bone graft material. Many studies
demonstrated favorable results with osteoconductive
and osteoinductive potential from auto tooth bone
grafts.**

In Prince of Songkla University (PSU) bone graft
preparation protocol, graft is defatted, decalcified and
freeze-dried for the preparation of DTM with a particle
size of 500-700 pm. Our previous studies indicated
good physiochemical properties and cell biocompati-

bility. The dentin characteristics from crown and root
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portion are compared with bone. The XRD patterns in
DTM demonstrate high crystallinity which suggesting
that the samples consisted mainly of hydroxyapatite
crystals. Concerning bioresorption rate compared to
bone, the DTM has Ca/P contents, crystallinity degree
and crystal sizes similar to that of mineralized bone.
In vitro biocompatibility, the particles stimulated cell
proliferation. The cultured cells adhered to the surface
and exhibited the osteoblast-like features with cell
processes extended on a culture plate. (unpublished
data).

In this case report, the DTM was made from
patient’s own extracted third molars. The processed
tooth was grafted back to the same patient, so it was
safe and had a low risk of the graft rejection. The
application of DTM as the bone graft for alveolar ridge
preservation was performed at the time of extraction
followed by dental implant placement 3.5 months
later. The clinical, radiological and histological evaluation
were assessed, wherein the implant was successful after

a healing period.

A 31-year-old female patient without any pre-
disposing conditions or systemic disease was referred
to the Surgery Department, Faculty of Dentistry, PSU
with a chief complaint of a broken tooth without any
symptoms. Clinical examination was performed and
revealed that tooth 46 had an unrestorable complicat-
ed crown-root fracture The orthopanthomograph and
periapical film of tooth 46 showed slight alveolar bone
resorption without any sign of periapical infection. In
addition, wisdom teeth 38 and 48 were found impact-
ed in the jaw bone Treatment options were discussed
subsequently and tooth extraction with alveolar ridge
preservation before dental implant placement was

chosen for replacing tooth 46.



Figure 1 Complicated crown-root fracture at tooth 46

When the decision was made to extract a
non-restorable tooth, procedures for a socket graft
using her own tooth were explained to the patient.
Tooth 48 was surgically removed and fabricated into
DTM particles.

The DTM was processed following PSU protocol.
Briefly, an anatomical crown-root portion of the tooth was

dissected in order to totally remove the pulpal tissue.

Al
Figure 3 (A) Preparation of DDM following PS

mixed with normal saline

After the administration of local anesthesia,
atraumatic tooth extraction of number 46 was performed
with an elevator and forceps. The socket was debrided
gently and irrigated with normal saline (Fig. 4A). A
thin buccal plate and buccal bone with a dehiscent
defect of 3x2 mm were observed. A DTM graft was

supplied in the form of particles mixed with normal

-

Figure 4 (A) Atraumatic tooth extraction without flap reflection. The thin buccal plate and buccal bone dehiscent defect size 3x2

LI~ S

Figure 2 The orthopanthomograph showed wisdom teeth 38 and 48

Remaining soft tissues and contaminants were removed
and rinsed with distilled water. The cleaned teeth were
pulverized into small particles with the sizes of 500-700
pMm. The cleaned DTM particles were then defatted,
decalcified, and freeze-dried. It was subsequently

sterilized using ethylene oxide gas, then packed and

stored until the next operation.

U protocol and (B) Autologous demineralized tooth matrix (DTM)

saline. This made the particles cohesive and allowed
for easy placement inside the socket in increments up
to the level of the alveolar crest (Fig. 4B). The socket
orifice was covered with a palatal mucosal graft, and
then sutured by 4-0 Vicryl to stabilize t and let the
wound heal by primary intention (Fig. 4C).

mm were notified. (B) The extracted socket was filled with DTM particle up to the level of the alveolar crest. (C) The socket

orifice was covered with the palatal mucosal graft and sutured with 4-0 vicryl.
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After 3.5 months, the patient returned for
implant installation. Clinical examination showed
minimal buccal bone resorption with healthy gingival
coverage (Fig. 5). Radiographic examination showed an
adequate bone height in relation to teeth 45 and 47

and favorable osteoconductive bone healing. Periapical

film and cone-beam computed tomography (CBCT)
showed that at the time before implant installation,
the DTM particles appear harmonious and similar to the
adjacent bone. The socket was completely filled with

a minimal decrease in volume and change in buccal

bone morphology (Fig. 6-7A).

Figure 7 (A) Cone-beam computed tomography (CBCT) at three months and two weeks after ridge preservation (B) One year after

implant prosthesis loading

The implant type and size were selected
based on the anatomy of the implant site and the
planned restoration. Full thickness mid-crestal and

minimal sulcular incisions were made for tooth 46 and
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the adjacent area (Fig. 8A). The initial bone drill was
performed with a 2x5 mm long trephine bur (TREO20M,
Hu-Friedy Mfg Co LLC, Zweigniederlassung, Germany).

This allowed for a core of bone, 2x5 mm long, to be



obtained. The one stage implant site preparation was
performed. An Straumann implant (Institute Strau-
mann AG, Basel, Switzerland) with a diameter of 4.8
mm and length of 12 mm was placed per the man-
ufacturer’s protocol. The insertion torque was meas-

ured using the Straumann ratchet and torque control

device (40 N-cm2). Then an RC healing abutment with
conical shape was used (Fig. 8B). Wound closure was
performed using 4-0 vicryl. The position of the implant
and height of the crestal bone were evaluated on the
orthopanthomograph and periapical radiograph imme-

diately after the implant placement (Fig. 9).

Figure 8 (A) Full thickness mid-crestal and minimal sulcular incisions were made at the area 46 and adjacent area (B) A 4.8x12 mm

bone level RC implant was installed.

Figure 9 (A) The orthopanthomograph (B) periapical film of area 46 immediately after one stage implant placement

Subsequent to the 3-month healing period
after the implant placement, prosthodontic construction was
performed with a cement-retained prosthesis comprising
a straight metal abutment and a semi-precious porcelain
-fused-to-metal crown. The location of the finishing line
was 1 mm subgingival on the buccal surface and 0.5
mm supragingival on the lingual surface with a lingual
metal collar to meet the esthetic and practical needs of

the patient. The RC anatomic abutment was tightened

into place until 35 N-cm” torque was achieved. The
crown was set onto a metal abutment and the
occlusal-proximal contact was adjusted. The PFM
crown was finally cemented with RelyX™ Unicem
Self-Adhesive Universal Resin Cement. (Fig. 10) After
removal of excess cement, the occlusal contact was
checked again. The patient expressed satisfaction with

the final result and scheduled for periodic follow-up

every 6 months.

Figure 10 (A) Final prosthesis, occlusal view (B) periapical film of area 46 after prosthesis loading.
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Although there were not clear expected
changes in bone radiographic images before six
months, a slightly increased density was observed in
the radiographs taken at 3.5-months after the ridge
preservation. The success of an implant can also be
evaluated by the appearance of normal bone surrounding
it. After successful implantation, CBCT was made at
regular intervals to assess the success of the implant
fixture (Fig. 7B).

The bone core histology specimens harvested from
the grafted site showed newly formed bone with
loose fibrous tissue. The DTM particles were completely
mixed with the newly formed bone and old bone. The
formation of osteoid was evident around particles.
DTM was agglutinated directly with newly formed
bone. Furthermore, newly formed osteoid replaced

spaces where DTM particles were resorbed (Fig. 11).

g o,

Figure 11 (A) Newly formed bone (N) and tooth materials showing remodeling were identified around the DTM (D) (H&E stainingX10).

(B) New bone may be formed by osteoblasts. The DTM (D) is showing osteoblastic rimming and resorption (*) (H&E stainingX20).

Osteoblastic rimming: osteoblast cell lining as show at (*)

Discussion

The literature demonstrates that ridge preser-
vation should be considered if an implant is to be placed
more than six to eight weeks after tooth extraction. If
an implant is to be placed at the time of extraction or
within six to eight weeks following extraction, there
appears to be little benefit in carrying out ridge preser-
vation procedures at the time of extraction. Even when
an implant might not be planned in the near future,
ridge preservation should be considered in strategic
sites to retain the possibility of an implant option for
the patient in the future.” Ridge preservation should
also be considered for aesthetic reasons at pontic sites
in conventional fixed prosthodontics.

Since ridge dimensions are so critical, it is
important to recognize that post-extraction ridge
preservation is essential to ensure maintenance of

ideal vertical and horizontal ridge dimensions and
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contours. Ridge preservation techniques have been
proposed by several investigators as possible means
to preserve the original ridge dimensions and contours,
thereby facilitating optimum implant position and
esthetic outcome.""" This may also help avoid additional
pre-implant bone grafting procedures. Xenografts,
allografts, autografts and synthetic materials used alone
or in conjunction with a membrane has been applied
immediately following tooth extraction. Among the
various materials used are bovine porous bone mineral,
demineralized freeze-dried bone allograft, bioactive
glass and synthetic resorbable sponge.’*”

The socket-seal technique has been demonstrated
by Landsberg et al.*’ They published an approach
containing a gingival graft, which was positioned on
the orifice of the extraction socket. A critical point of

that study was that DTM needed a sealing material to



hold them in place. Therefore, the extraction socket
was filled with DTM and sealed with the mucosal graft.
After an operation, the healing of the soft tissue graft
was improved without any migration of the bone
substitute nor any sign of infection.

Various in vitro and in vivo studies have been
reported on autologous demineralized dentin matrix
(ADDM) regarding its biocompatibility, osteoinductivity,
and osteoconductivity.”*® From evidence-based ridge
preservation techniques, minimal bone resorption
seems to be unpredictable. Ridge preservation could
minimize the change of bone volume, but could not
preclude bone resorption."” In this case report, the
autologous DTM, a newly developed bone substitute,
was used at an extraction socket for the future implant
site development. There were no post-operative
complications related to the grafting materials. The
DTM could integrate with the surrounding bone and
maintain a stable state around the implant site with
minimal buccal bone loss. Based on earlier studies,
an autologous tooth bone graft (AutoBT) was resorbed
within 4 to 6 months after grafting. The remodeling
process with new bone formation continued up to 1
to 2 years.'"”"*” However, a previous study reported a
significant graft resorption. These results might occur
from the composition of AutoBT, which was mainly
made from roots of the tooth. The root portion consisted
of low crystalline calcium phosphate, which is known
to have good bony remodeling property®, but is deficit
in volume stability.

In this case report, DTM was fabricated with
the different procedures from the previous study."****
The DTM particles still include the remaining crown
portion or enamel structure of the extracted tooth.
The enamel mainly consists of high crystalline calcium
phosphate which is not easily decomposed by osteo-
clasts, resulting in slow resorption and consequently
poor osteoconductivity, but hold the socket volume
quite well.

With support from the various studies on

autogenous tooth as bone graft material, it was
confirmed that autogenous tooth is safe and effective.
If we can develop the preparation processes to the
point that the graft materials can be used in other
patients without the risk of immune rejection or
disease transmission, it would allow clinician to access
an almost unlimited amount of materials. The DTM
was further suggested to become more widely used
and to be developed into allogenic tooth bone graft
materials, ideal scaffold for bone tissue engineering
in the future. It is possible to develop a tooth bank
where extracted tooth, instead of becoming merely a
medical waste, can be kept so that it can be used as
bone graft for the patient or even other patients in
the future. In order to make the tooth bank concept
feasible, further study should be conducted on many
areas, such as the appropriate conditions to keep
extracted tooth in usable condition, the cost efficient
way to run the tooth bank, or the technique to adjust

growth factor level in the material.

In this case report, DTM was used as a satisfactory
bone substitute alternative because of its good bone
remodeling property and its osteoconductivity in ridge
preservation of an extraction socket for the implant
site development. The implant-supported prosthesis
functioned well and healthy peri-implant soft tissue was
observed. Further studies need to be done in different
bone defect types with a larger sample size, and long-
term follow-up is needed to substantiate the validity
of DTM.
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Knowledge and Clinical Practice of Antithrombotic Therapy

among Dentists in Chiang Mai, Thailand

Chaiporn Karaket', Krit Leemasawat® and Arintaya Phrommintikul®
'Department of Internal Medicine, Chiangkham Hospital, Phayao
“Cardiovascular Unit, Department of Interal Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai

This study aimed to survey the knowledge and clinical practice of dentists regarding antithrombotic drug
management before dental procedures. All dentists who worked in Chiang Mai, Thailand between February 2014
and December 2014 were invited to answer the questionnaires via mail. The survey items consisted of 20 questions
focusing on knowledge and clinical practice regarding antiplatelet therapy, warfarin therapy and guideline
recommendations. From 186 invitation mails, 100 dentists (53.8 %) returned the questionnaires. Seventy-two
percent of the participants recognized clopidogrel, while only 20 % knew ticagrelor. Over 90 % of the participants
did not know the optimal duration of dual antiplatelet therapy after stenting. Approximately half of the participants
discontinued aspirin before dental procedures in their patients, and 66.7 % of them required at least 7 days of
discontinuation. Three quarters of the participants suspended P2Y _ inhibitors before their procedures, and 87.0 %
of them required at least 5 days of discontinuation. Warfarin was discontinued in 71.6 %, 89.4 % and 93.5 % of the
patients undergoing low-, moderate- and high-risk procedures, respectively. Approximately half of the participants
were willing to perform low-risk dental procedures at the INR level of 2.1-4.0, while most of them preferred to
perform moderate- and high-risk dental procedures at INR level of <2.0 (60.9 % and 72.5 %, respectively). All the
participants were aware of the guideline recommendations, but there was a discrepancy between their practice
and guideline recommendations to which they referred. The knowledge of antithrombotic therapy among dentists
in Chiang Mai, Thailand was limited. A high percentage of dentists practiced differently from guideline recommen-

dations. Some educational interventions should be done to improve the quality and safety of the medical care.
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Nowadays, antithrombotic drugs are widely
used. Aspirin, irreversible cyclooxygenase enzyme
inhibitor, is effective for atherothrombotic prevention."
It is commonly prescribed in patients with overt
cardiovascular disease such as previous myocardial
infarction, myocardial ischemia, transient ischemic attack
or ischemic stroke, for secondary prevention.” Dual
antiplatelet therapy (DAPT) with aspirin and P2Y
inhibitors (i.e., clopidogrel, prasugrel and ticagrelor)
demonstrates the cardiovascular benefits in patients with
acute coronary syndrome or myocardial infarction.*""
Furthermore, DAPT shows a dramatic reduction in the
incidence of ischemic complications after percutaneous

coronary intervention.”"

DAPT is now indicated in patients
with acute coronary syndrome (up to 12 months) and
patients treated with coronary stenting (at least 1 month
after bare-metal stent implantation and 6 months after
drug-eluting stent implantation).”” Oral anticoagulant
(i.e., apixaban, dabigatran, rivaroxaban and warfarin)
can reduce the incidence of embolic stroke in patients

with non-valvular atrial fibrillation.**"

In patients
with mechanical heart valves, warfarin also reduces
thromboembolic events and prosthetic valves throm-
bosis."® As a result, oral anticoagulant is indicated in
patients with non-valvular atrial fibrillation with high
thromboembolic risk, patients with rheumatic mitral
stenosis with high thromboembolic risk, patients
with history of thromboembolism and patients with
mechanical heart valves."””’ The number of patient with
antithrombotic drug use undergoing dental procedures
is increasing continuously. Dentists are now confronting
with the dilemma of antithrombotic drug management;
how to balance between the thrombotic and bleeding
risks.

Antithrombotic drug-induced bleeding after

dental procedures”*

is a principal concern, leading to
antithrombotic drug discontinuation. According to the

questionnaire studies in Spain® and Turkey”, aspirin

and clopidogrel were discontinued in 88 to 93 % of the
patients before dental procedures. Moreover, routine
interruption of warfarin occurred in nearly a quarter of
the patients undergoing low-risk dental procedures.”
The rate of discontinuation of antithrombotic drug
in patients undergoing dental procedures is still high,
despite the fact that the premature discontinuation of
antiplatelet drugs increases the risk of thrombotic events
such as myocardial infarction, stent thrombosis or

ischemic stroke” >

, and the interruption of anticoagulant
in patients with high thromboembolic risk sometimes
can be fatal.

There are many clinical practice guidelines
for the management of antithrombotic drugs during
dental procedure.”*® However, the recommendations
are diverse among guidelines. The perioperative
management of patients who receive antithrombotic
drugs still presents a dilemma for dentists and consulting
physicians. This study aimed to survey the knowledge
and clinical practice of dentists in Chiang Mai, Thailand,
recarding the antithrombotic drug management before

dental procedures.

Study design and study population

This study was a descriptive cross-sectional survey,
conducted in Chiang Mai, Thailand between February 2014
and December 2014. We invited all dentists who worked
in Chiang Mai, Thailand to answer the questionnaires via
mail. They were informed of the purpose of the study and
the names of corresponding investigators. The dentists
who wished to participate in the survey would be asked to
complete the questionnaires, then returmn them by mail. All
information was kept strictly confidential. The protocol and
study materials were approved by the institutional review
board of the Faculty of Medicine, Chiang Mai University.
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Questionnaire
The questionnaire consisted of 2 parts, general
participant’s information and survey. The questions in the

survey part aimed to assess the knowledge and clinical

Table 1 Survey questions (adapted from reference 24-26)

practice about antiplatelet therapy, warfarin therapy and
guideline recommendations. There were 20 questions in

total, adapted from reference ****(Table 1).

Antiplatelet therapy:
Do you know what clopidogrel is?
Do you know what ticagrelor is?

. Do you know what a coronary stent is?

. Do you know the optimal duration of DAPT after bare metal stent?

. Do you discontinue aspirin before a dental procedure in your patients? If YES, how many days?

. Do you discontinue P2Y inhibitor before a dental procedure in your patients? If YES, how many days?

. Do you consult with a physician before discontinuing antiplatelet drugs?

1.
2.
3
4
5. Do you know the optimal duration of DAPT after drug eluting stent?
6
7
8
9

. Do you know the serious consequences of premature discontinuation of antiplatelet therapy in patients with coronary stents?

10. Do you wait until DAPT is completed before performing a dental procedure, if it is possible?

Warfarin therapy:

11. Do you discontinue warfarin before performing a low-risk dental procedure in your patients? If YES, how many days?

12. Do you discontinue warfarin before performing a moderate-risk dental procedure in your patients? If YES, how many days?

13. Do you discontinue warfarin before performing a high-risk dental procedure in your patients? If YES, how many days?

14. What is the maximum INR that you accept for performing a low-risk dental procedure?

15. What is the maximum INR that you accept for performing a moderate-risk dental procedure?

16. What is the maximum INR that you accept for performing a high-risk dental procedure?

17. Do you consult with a physician before discontinuing warfarin?

18. Do you know the serious consequences of discontinuation of warfarin in patients with prosthetic heart valves?

Guideline recommendations:

19. Are you aware of any guideline recommendations in your clinical practice?

20. What is your reference guideline?

Definitions

The definition of the bleeding risk from a dental
procedure in this study is adapted from post-operative
bleeding in pre-transplant liver failure patients undergoing
oral surgery.”" A low-risk dental procedure is defined as
scaling or 1-5 simple extractions, carried out under local
anesthesia. A moderate-risk dental procedure refers
to 6-10 simple extractions or 1 impacted extraction,
in which suture(s) may be needed. A high-risk dental

procedure is defined as 11 or more simple extractions
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or 2 or more impacted extractions, in which sutures are
unavoidably needed. In this study, low international
normalized ratio (INR) level, medium INR level and high
INR level refer to the INR level of <2.0, 2.1-3.5 and >3.5,

respectively.

Statistical analysis
Based on the data of Ministry of Public Health
of Thailand, there were 186 dentists, working in Chiang



Mai, Thailand during the survey period. In order to
represent the entire population with the confident level
of 95 % and the margin of error of 5 %, at least 126
dentists (67.7 %) should be participated in the study.
The response rates to survey ranged from 73.5 to 100 %
in the previous studies**’. However, mail survey needs
both attention and willing to participate. We expected

that the response rate to be lower in this study than

From 186 questionnaires, 100 mails (53.8 %)
were returned. The median age of the participants was
36 (IQR 32.0-42.8) years. The ratio of male to female
was about 1:2. The median duration of work experience
was 12 (IQR 7-17) years. Of the 100 dentists included,
67 (67 %) worked in government hospitals, and 33
(33 %) worked in private hospitals or clinics. Sixty-seven
participants (67 %) worked in urban area (Mueang
district, Chiang Mai).

Antiplatelet therapy
Table 2 showed the survey results of antiplatelet
therapy. Most of the participants (72 %) recognized

clopidogrel, while only 20 % knew what ticagrelor was.

in previous reports. All descriptive data were given as
number (percentage) and median (IQR), as appropriate.
The difference in categorical and continuous data was
analyzed with Chi-square test and One-way ANOVA test,
respectively. Two-tailed p-value of less than 0.05 was
considered statistical significance. The statistical analysis

was performed using IBM SPSS Statistics, version 22.

Three-fourths of the participants (74 %) knew a coro-
nary stent, but over 90 % of them did not know the
optimal duration of dual antiplatelet therapy (DAPT)
after stenting. More than half of the dentists in this survey
(59.8 %) discontinued aspirin before dental procedures
in their clinical practices, and 66.7 % of them required
at least 7 days of aspirin discontinuation. Three-fourths
of the participants (76.3 %) suspended P2Y inhibitors
before their procedures, and 87.0 % of them required
at least 5 days of P2Y inhibitors discontinuation. There
was no significant difference in term of knowledge and
clinical practice regarding antiplatelet therapy between

participants who worked in urban and rural areas.
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Table 2 Survey results of antiplatelet therapy

Questions, n (%)* Total (n=100) Urban area Rural area P value
(n=67) (n=33)

Do you know what clopidogrel is? 72 (72 %) 47 (70.1 %) 5(75.8 %) 0.64

Do you know what ticagrelor is? 20 (20 %) 16 (23.9 %) 4(12.1 %) 0.20

Do you know what a coronary stent is? 74 (74 %) 51 (76.1 %) 23 (69.7 %) 0.63

Do you know the optimal duration of DAPT after 10 (10 %) 8(11.9 %) 2 (6.1 %) 0.49
bare metal stent?

Do you know the optimal duration of DAPT after 8 (8 %) 5(7.5 %) 3(9.1 %) 1.00
drug eluting stent?

Do you discontinue aspirin before a dental 58 (59.8 %)** 43 (66.2 %)** 15 (46.9 %)** 0.08
procedure in your patients?

Do you discontinue P2Y12 inhibitor before a dental 74 (76.3 %)** 51 (78.5 %)** 23 (71.9 %)** 0.61
procedure in your patients?

Do you consult with a physician before 96 (96 %) 65 (97 %) 31 (93.9 %) 0.60
discontinuing antiplatelet drugs?

Do you know the serious consequences of 73 (73 %) 50 (75.8 %) 23 (69.7 %) 0.63
premature discontinuation of antiplatelet
therapy in patients with coronary stents?

Do you wait until DAPT is completed before 72 (76.6 %)** 51 (81 %)** 21 (67.7 %)** 0.20

performing a dental procedure, if it is possible?

Warfarin therapy

Most of the dentists in this survey preferred to
discontinue warfarin before performing their procedures
(Table 3), and over 95 % of them suspended warfarin at
least 3 days. Approximately half of the participants (52.1
%) were willing to perform low-risk dental procedures at
the INR level of 2.1 to 4.0 (Fig. 1). Most of participants
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preferred to perform moderate- and high-risk dental
procedures at low INR level (60.9 % and 72.5 %,
respectively). There was no significant difference
regarding the knowledge and clinical practice on
warfarin therapy between participants who worked in

urban and rural areas.



Table 3 Survey results of warfarin therapy

Questions, n (%)* Total (n=100) Urban area  Rural area P value
(n=67) (n=33)

Do you know what clopidogrel is? 2 (72 %) 47 (70.1 %) 5(75.8 %) 0.64

Do you know what ticagrelor is? 0 (20 %) 16 (23.9 %) 4(12.1 %) 0.20

Do you know what a coronary stent is? 4 (74 %) 51(76.1 %) 23 (69.7 %) 0.63

Do you know the optimal duration of DAPT after 0 (10 %) 8(11.9 %) 2 (6.1 %) 0.49

bare metal stent?

Do you know the optimal duration of DAPT after 8 (8 %) 5(7.5 %) 3(9.1 %) 1.00
drug eluting stent?

Do you discontinue aspirin before a dental 58 (59.8 %)** 43 (66.2 %)** 15 (46.9 %)** 0.08
procedure in your patients?

Do you discontinue P2Y12 inhibitor before a dental 74 (76.3 %)** 51 (78.5 %)** 23 (71.9 %)** 0.61
procedure in your patients?

Do you consult with a physician before 96 (96 %) 65 (97 %) 31(93.9 %) 0.60
discontinuing antiplatelet drugs?

Do you know the serious consequences of 73 (73 %) 50 (75.8 %) 23 (69.7 %) 0.63
premature discontinuation of antiplatelet
therapy in patients with coronary stents?

Do you wait until DAPT is completed before 72 (76.6 %)** 51 (81 %)** 21 (67.7 %)** 0.20
performing a dental procedure, if it is possible?

A. _ B. _ : C.
Low INR level ;Medium INR level | High INR level Low INR level : Medium INR IevelgHigh INR level Low INR level - Medium INR level:High INR level
7% | 393% 12.8% o 0% | % | 43% . 725% 22.0% 5.5%
= = =

‘oUlnn “Tllala..

1 15 2 25 3 35 4 =40 1 15 2 25 3 35 4 =40 1 15 2 25 3 35 4 >40
INR level INR level INR level

—

INR, international normalized ratio.

Figure 1 The maximum acceptable INR level for (A) low-, (B) moderate-, and (C) high-risk dental procedures
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Guideline recommendations

All participants (100 %) were aware of guideline
recommendations, and the clinical practice guideline of
Dental Health Division, Department of Health, Bangkok™
was the most frequently used as a reference (76.3 %).
However, the discrepancy between the participants’
practice and guideline recommendations to which
they referred was observed. Approximately one-third
of the participants (35.3 %) who used the clinical
practice guideline of Dental Health Division, Department
of Health, Bangkok™ as a reference continued aspirin
without interruption before their procedures, while
the guideline recommended to stop aspirin before their
procedures. Moreover, only half of the dentists (50.6 %)
were willing to perform low-risk dental procedures at

the recommended INR level.

Our study was the first cross-sectional survey
among dentists who worked in Chiang Mai, Thailand
regarding knowledge and clinical practice of antithrom-
botic management in patients undergoing dental
procedures. Unfortunately, the response rate (53.8 %)
was much lower than our expectation. These results
might not represent the entire population of dentists in
Chiang Mai, Thailand. However, the results of our study
could somehow reflect the current situation regarding
knowledge and clinical practice of dentists in term of
antithrombotic management.

Since clopidogrel has been available in Thailand
and throughout the world for decades, most of the
dentists recognize clopidogrel well. The rate of awareness
of clopidogrel in this study (72 %) was similar to that
of the previous reports (60-90.6 %).”** Ticagrelor, a
novel P2Y inhibitor, was approved by Food and Drug
Administration of Thailand 1 year prior to this survey,
so only 20 % of the participants knew what it was.
Four years ago, none of the dentists in Turkey survey”

recognized ticagrelor. Prasugrel, another novel AN
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inhibitor, was available in Thailand shortly before the
survey period. We predict that the rate of recognition would
be very low, so we decide not to include prasugrel in our
questionnaire. To familiarize with a new medication
does take time, especially for the outsiders. However, the
imbalance between the growing of new antithrombotic
drug use and the restriction of drug recognition could
be troublesome. When novel P2Y inhibitors and NOACs
are not recognized, dentists will perform their procedures
as usual, and no prompt bleeding management will be
prepared. This situation could lead to serious post-
operative bleeding complications, especially in moderate-
and high-risk dental procedures. Thus, dentists should
regularly make an effort to update their knowledge.
Most evidence-based guidelines recommend
that patients who are undergoing a minor dental
procedure should continue aspirin without interruption
prior to the procedure.”*** In this survey, more than
half of the participants still suspended aspirin treatment
before their procedures. However, the rate of aspirin
suspension is lower than that of the previous report.”
The recommendations for DAPT management™*** are
controversial, since the risk of serious post-operative
bleeding is very high and may outweigh the risk of throm-
boembolism. In the current situation, P2Y12 inhibitors
are usually discontinued before dental procedures. In
our study, most of the participants (74 %) knew about
a coronary stent. The result is similar to that of the
previous studies (83-100 %).”*** Most of the participants
(73 %) were aware of the serious consequences when
antiplatelet therapy was discontinued prematurely in
patients with coronary stents. However, most of them
(79.2-92 %) did not know the optimal duration of
DAPT after stenting, and DAPT discontinuation was still
frequently observed in their practice (76.3 % in our
study and 89.9 % in the study in Turkey™). In our opinion,
filling this gap of knowledge could minimize DAPT
interruption, since most of the dentists in our survey
(76.6 %) preferred to wait until DAPT was completed

before performing their dental procedures.



To our knowledge, the risk of significant surgical
bleeding is very low in patients on warfarin with a stable
INR in the range of 2.0 to 4.0°*°"* whereas the risk of
thrombosis is increased when warfarin is temporarily
discontinued. As a consequence, it is generally
recommended to check INR level within 72 hours of
surgery and not to discontinue warfarin in most of the
patients undergoing low-risk dental procedures.’®*"*
Surprisingly, in our study, 71.6 % of the participants
routinely discontinued warfarin before performing
low-risk dental procedures despite the awareness of
serious consequences. The previous survey in Michigan®
showed a much lower rate of discontinuation (23.6 %).
However, approximately half of the dentists were willing
to perform low-risk dental procedures at the recom-
mended INR level in both studies (52.1 % in our study
and 66.4 % in the study in Michigan®). Some dentists
might not feel comfortable to perform the operations
in patients fully anticoagulated with warfarin. Bridging
therapy with heparin or low-molecular weight heparin,
purposely minimizing the duration of subtherapeutic
anticoagulation, could potentially be an alternative
strategy. Unfortunately, it was not cost-effective and
might increase the risk of bleeding complications in
patients undergoing low-risk dental procedures.”*
Most of the dentists in our survey preferred to perform
moderate- and high-risk dental procedures at subther-
apeutic INR level, similar to the previous survey.” This
practice may be defensible, since there is still lack of
data regarding the management strategy of antico-
agulation therapy for moderate- and high-risk dental
procedures. Moreover, the emergence of novel oral
anticoagulants (NOACs) (i.e., apixaban, dabigatran and
rivaroxaban) leads to an additional controversy in the
clinical practice. The safety data of NOACs in patients
undergoing dental surgery are still limited. Dentists,
together with consulting physicians, should carefully
balance between bleeding risk and thrombotic risk, in

order to provide the best medical care.

Our own clinical practice guideline should
be updated in an evidence-based manner to avoid
confusion among guideline recommendations and to
help dentists provide the best medical care. However,
the implementation of those recommendations into
clinical practice is also another important issue. It is a
complex pathway, involving multidisciplinary medical
personnel and resource management. Dentists and all
stakeholders play a vital role to develop and implement
the plans. Almost all the dentists in our survey and in

24,25

previous studies consulted the physicians or

cardiologists for antithrombotic management before their
procedures. Physician consultation is a valuable tool*
and one of the key mechanisms to implement clinical
guideline. However, traditional one-way communication
is not the best method of consultation. Sometimes the
physician’s recommendation conflicts with the dentist’s
professional decision, especially when one relies on
clinical experience rather than medical evidence.
Two-way discussion, based on medical evidence and
guideline recommendations, is a solution for decision
making.

There are some limitations of this study. Firstly,
the number of participants was relatively small. Our
survey might not represent the results of the entire
dentists working in Chiang Mai, Thailand. However, the
results still provided necessary information for further
studies and interventions. Secondly, our survey was
conducted in a single region. The results cannot be
generalized, since knowledge and clinical practice may
be different in other regions of Thailand, as well as in
other parts of the world. Lastly, most of the questions in
our survey were “yes-no” questions which unavoidably
forced bias into the interpretation when the answers
were not absolutely yes or no. Faithfulness and reliability
of perception were also the limitations of questionnaire
research design. Moreover, it is undeniable that
physician’s suggestions potentially have an effect on

dentist’s response in the clinical practice.
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The knowledge of antithrombotic therapy among
dentists in Chiang Mai, Thailand is limited, especially for
novel antiplatelet agents and the optimal duration of
DAPT after stenting. Moreover, a high percentage of
dentists practice differently from what the current
evidence-based guidelines recommend. Some educational
interventions should be done to improve the quality

and safety of the medical care.

The authors are grateful to the dentists in

Chiang Mai, Thailand who participated in this survey.
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In vitro Accuracy Assessment of Electronic Apex Locator: RSUpex
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Aim: To evaluate the accuracy of RSUpex, a newly developed electronic apex locator (EAL), by comparing
it with a standard apex locator (Root ZX). Methodology: Forty single-root lower premolar human teeth with com-
pleted apex formation were embedded in alginate model, which simulated tooth-surrounding tissue. The working
length (WL) of each tooth was determined by using both Root ZX and RSUpex. The actual working length of each
tooth was determined under a microscope. Results: The working lengths determined by both electronic apex
locators varied +0.5 mm from the apical foramen, which were within the acceptable criteria. The WLs measured
by Root ZX and RSUpex were 0.5 mm short of the apical foramen (AF) of 28 canals (70 %) and 22 canals (55 %)
respectively. Eleven canals (27.5 %) and 17 canals (42.5.5 %) were beyond the AF respectively for Root ZX and
RSUpex, while WLs of 1 canal (2.5 %) from both EALs were at the AF. The intra-class correlation cofficient of both
devices was 0.988, which indicates excellent accuracy. Conclusion: The accuracy of RSUpex in working length
determination is comparable with Root ZX. Further studies are needed to evaluate the success of RSUpex in clinical

settings.
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Endodontic treatment involves the removal of
the infected dental pulp and dentin from the root canal
system by mechanical and chemical cleaning and shaping
in terms of instrumentation, irrigation and medication.
One of the critical steps in the endodontic procedure
is the accurate measurement of ‘working length’ (WL).
It has been shown that a densely filled root canal and
a good final restoration are important factors that
contribute to the success of endodontic treatment.’ It
is accepted that the termination of root canal filling
should be at the apical constriction (AC) or at the
cemento-dentinal junction (CDJ).

There are several methods for WL determination
in endodontic treatment. The tactile perception with a
hand file is simplistic but inaccurate when applied to
root canals with immature apex, excessive curvature,
etc. The radiographic method is the most common
practice used in determination of WL.”> However,
accuracy is difficult to achieve with this technique
because of difficulties in identification of the AC, variations
in angulation of the radiographic technique and image
distortion.

Electronic apex locators (EAL) have been used
clinically to overcome the drawbacks of the radiographic
measurement method. EAL was first developed based
on the principle concept that there exists an electrical
resistance between the periodontal ligament and the
oral mucosa in vivo, which has a constant voltage of
6.5 kQ.> Sunada’ introduced these principles into clinical
practice and stated that EAL could be used to indicate
the apical area. There are five developmental generations
of EAL devices. Each generational device had been
developed and modified with a different circuit inside.
The first generation devices used the principles of
original electrical resistance measurement. However,
pain occurred due to high electrical current. The second
generation devices, the impedance apex locators, were

operated by a single-frequency alternating current. The
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signal was not stable and inaccurate in the presence of
tissue and electro-conductive irrigates in the canal. The
third generation devices were operated by using two
alternating currents with different frequencies. For the
third generation, there are two types of EALs, which are
impedance difference type and impedance ratio type.
The impedance-difference EAL measures the impedance
value at two different frequencies and calculates the
difference between the two values, while the
impedance ratio type determines the position of the
file from the ratio between these two frequncies.” Root
ZX (J.Morita, Tokyo, Japan) is categorized in this generation.
The fourth generation devices use two or more non-
simultaneous continuous frequencies for the purpose of
measuring the difference or ratio between the two
currents.® The devices considered in the fifth generation
were developed in 2003. They measure the capacitance
and resistance of the circuit separately. They use the
statistics values to determine the position of the file
within the canal.’

The operating principle of RSUpex, the novel
electrical apex locator device, is based on the measurement
of electrical voltage impedance during a root canal
procedure. The 50 KHz signal frequency from the device
was generated within the canal through the endodontic
file. When the file moves through the canal, the canal
impedance differs, which is reflected by the alteration
of the electrical voltage. From the variation of voltage
and the distance between the root apex and the file
tip, the calibration graph is created for microcontroller
processing and programmed into the microcontroller
board. The depth of file tip is shown on an LCD screen
as represented by the moving scales and the corresponding
numeric value. When the file is at the AC, an audible
alarm starts producing rhythmic beeping and sound is
continuously generated as it approaches the root apex.

The aim of this study was to evaluate the accuracy

of RSUpex, while comparing it with Root ZX, which has



been a widely used EAL in clinical practice within the

alginate model.

Forty single-root lower premolar human teeth
with completed apex formation and without fractures
were used in this study. Each tooth had been extracted
for the purposes of periodontal or orthodontics reasons
under the protocol approved by the Ethics Committee
of Rangsit University (RSEC 3/2559). The teeth were
collected at the Oral Surgery Clinic, Faculty of Dental
Medicine, Rangsit University and were kept in a 0.1 %
thymol solution until used for the study. The crown of
each tooth was sectioned at 5 millimeters above the
cementoenamel junction (CEJ) level from the buccal
aspect by a high-speed cylinder diamond bur to make
a flat surface as a precise reference area for the rubber

stop. The canal was irrigated with 2.5 % sodium

hypochlorite. A Hand K-file, snugly fitted to the canal,
was selected and inserted through the canal until the
tip of file appeared at the AF under the operating
microscope (x5.1) (Carl Zeiss, Oberkochen, Germany).
Then the rubber stop was adjusted to make contact at
the reference level on the tooth surface. The file was
then removed from the root canal. The actual length
between the rubber stop and the file tip was measured
by using a digital vernier caliper (Mitutoyo corporation,
Kawasaki, Japan).

After the initial procedure, the tooth was
embedded within an alginate model for tooth-surrounding
tissue simulation. The type Il alginate impression
material (Kerr, California, USA) was placed in small
plastic cups with one cup containing one tooth each.
Then each tooth and the labial clip were inserted in
the alginate before it set as shown in Fig.1. The tooth’s
CEJ was one mm above the alginate level. Each model
was used for both EALs measurement within thirty

minutes to ensure sufficient humidity during the procedure.

Figure 1 Tooth embedded in alginate model for which simulated tooth-surrounding tissue.

(a = labial clip, b = file, ¢ = alginate)

Vajrabhaya et al., 2017 165



The root canal was irrigated with 2.5 % NaOCl
and the excess irrigant was absorbed by a paper point.
The appropriate size of file, which was snugly fitted
within each canal, was selected then a file was connected
to the apex locator. The file was slowly inserted into
the root canal and the scale on the EAL display was
shown the AC point as indicated by each EAL as the
following resulting output~ Root ZX: The liquid crystal
moves to the green area and a digital output of ‘007 is
shown. RSUpex: The lowest scale measurement showed
concurrently followed by an audible beep notification.

The rubber stop was slid down to contact the
reference area. The file was carefully removed from
the canal and the length from the rubber stop to the
file tip was measured by a digital vernier caliper. The
WL of each tooth was determined three times with the EAL.

Data Analysis
The length of the file, which was measured by
RootZX or RSUpex apex locator, was subtracted by the

AL of each tooth. The positive difference value represents

the determined length by the EAL that is beyond the
AF. Conversely the negative difference represents the
determined length by the EAL that is short of the AF.
The mean WLs of both EALs was analyzed by Intra-class
Correlation Coefficient (ICC)* and the percentage for
acceptability regarding root canals (the acceptable criterion
of WL determination by EALs is short or beyond the AF

+ 0.5 mm) was calculated at a 95 % confidence interval.

The WLs of forty teeth were obtained with
both RSUpex and Root ZX. The measurements were
evaluated on whether they are within the acceptable
range (x 0.5 millimeters from AF). The WLs measured
by Root ZX and RSUpex was 0.5 mm short of the AF
of 28 canals (70 %) and 22 canals (55 %) respectively.
Eleven canals (27.5 %) and 17 canals (42.5.5 %) were
beyond the AF respectively, while WLs of one canal (2.5
%) from both EALs were at the AF as shown in Table 1.

Table 1 The percentage of acceptable measurements (0.5 mm from apical foramen) by both EALs

Distance from the AF (mm) Root ZX RSUpex
-05 70.0 % (n=28) 55.0 % (n=22)
0.0 2.5 % (n=1) 2.5 % (n=1)
+0.5 27.5 % (n=11) 42.5 % (n=17)

AF : Apical Foramen

The Intra-class Correlation Coefficient of two

EALs was equal to 0.988. The strength of accuracy

agreement was excellent as shown in Table 2 and
Table 3.

Table 2 Descriptive statistics of WL measured by both EALs

Working length Mean + SD Min, Max ICC 95 % Cl p
Root ZX 18.54 + 1.22 17.32,19.76
RSUpex 18.61 + 1.23 17.38, 19.84
Difference (RSUpex- 0.05 £ 0.21 -0.16, 0.26 0.988 0.978 - 0.994 0.000

RootZX)
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Table 3 Criteria for grading the strength of accuracy agreement’.

ICC Strength of agreement
<0.25 Poor

0.25 -0.50 Fair

0.50 - 0.75 Moderate

0.75 - 0.90 Good
>0.90 Excellent

ICC : Intra-class Correlation Coefficient

The accuracy of EALs has been proven both
in the laboratory and in clinical settings. EALs using
the impedance ratio principle, such as Root ZX, have
demonstrated high accuracy values of 80-90."" In the
present study, the newly developed EAL (RSUpex)
was compared with Root ZX in the laboratory settings
before the clinical use.

The experimental model that simulates the
periodontal tissue is an important factor in the laboratory
evaluation. Huang' indicated that EALs use the electrical
principles more than the biological properties of the
periapical tissue. The in vitro model for tooth embedding
should have a similar electrical resistance with the
periodontal tissue.

There are various types of embedding media
used for accurately measuring the EAL, which include
alginate, gelatin, saline, sponge, and agar. According
to Chen et al.” and Baldi et al."*, it is suggested that
alginate is the material of choice as an embedding
media because of the colloidal gel properties it possesses.
Alginate is placed in the cup to surround the root
surface. As a result, the electrical circuit is complete.
Alginate is a perfect embedding media due to its level
of electro-conductivity as the composition of alginate
is comprised of salt (sodium alginate), calcium sulfate,
and magnesium oxide that simulate the periodontal
lisament tissue. So alginate was selected in our study
as it is easy to use, convenient for study protocols, and

inexpensive. It provides more accurate measurements

for evaluation of EALs when compared with other
embedded media. However, the disadvantage of alginate
is dehydration. The alginate model should be kept
moist or refrigerated and used within thirty minutes
after preparation. Longer waiting periods will result in
incorrect measurements as the alginate becomes dry.

As mentioned above, the accuracy of EAL
devices depends on both the electrical principle and
biological properties of periapical tissues. Some studies
used the standard model of glass tubule instead of
the extracted tooth for an accurate measurement of
the EAL. Fan et al.”” used glass tubules for purposes
of evaluating the accuracy of RootZX, Propex (Dentsply
- Maillefer, Ballaigues, Switzerland), and Neosono
(Satelec Inc., NJ, USA) in different electrolyte conditions
within the root canal. Canal curvature, canal taper, and
lateral canal are the variable factors for WL determination
that directly affect the results of the study. Our study used
the natural extracted teeth for better clinical simulation.

The acceptable range for EAL accuracy deter-
mination in many studies has two levels; + 0.5 and +
1.0 mm from apical foramen or major foramen. The
study by Wu et al.'® demonstrated that utilizing the
location of the minor foramen or the AC was unreliable
when there was physiological cementum deposition
of 0.5 — 1.0 mm on the sample teeth. Therefore, an
evaluation of EAL accuracy at level + 0.1 mm from
the AF was acceptable in the clinical investigation
due to the wide range observed in the shape of the
apical zone. But in this study, the acceptable criteria

was specified at level £ 0.5 mm from AF because over
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instrumentation or root canal filling affect the healing
process as explained in the study by Sjogren et al."’

Huang'® and Wu et al.' suggested that two
factors that affect the accuracy of EAL are the electrolyte
levels within the root canal and the diameter of the
AF. In this study, 2.5 % NaOCl was used to irrigate the
root canal for simulating clinical practice environmental
duplication appropriately. Excessive irrigation results in
inaccurate readings while using the EAL device. Ebrahim
et al.” proposed that NaOCl irrigation results in a higher
level of accuracy during measurement. Huang *found
that if the diameter of the apical foramen is larger
than 0.2 mm, the WL determination by EAL would be
shorter than the accurate one. In the current study,
forty mature teeth with complete root formation were
used. Open apex or root fracture was in the exclusive
criteria of the sample selection in this study.

The size of the file is another factor that influences
the accuracy of EAL results. The size of a root canal
should be evaluated before choosing the appropriate
file size. Ideally a snug-fitting file, which is equally not
too loose should be selected for WL determination
by the EAL. The accuracy of the EAL is reduced if the
file used for WL determination is too small within a
canal with a large AF, by comparison with the appropriate
file size (p < 0.05).” Our study utilized hand files with
a size range of 08-10 for WL determination and the
procedures were performed by one operator, who
would identify the working length determination by
both EALs.

In the present study, the factors, which would
impact the accuracy of evaluations of EALs were
controlled. The comparative results between RSUpex
and Root ZX were excellent with a ICC score of 0.988,
which indicates almost parallel readings from both
devices. The WL determination, which was obtained
from both EALs, was compared to the AL and were
in the acceptable criteria of + 0.5 mm. However,
during the experimental period, there were some

defects that came to light regarding the RSUpex
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design, which need to be addressed. The RSUpex was
powered by an alternating electrical current, which
prevented the device from being ‘portable’ as it required
a power socket and certain length of cable to operate.
The display was not visible and the audible beeping
notification was not at an appropriate audible pitch
when compared to the Root ZX, which might lead to
misinterpretation during the use of the device. Development
of a portable solution equipped with a high capacity
battery with a more visually responsive and contrasting
display would greatly improve the next generation of

RSUpex devices.

The accuracy of RSUpex was studied in comparison
with Root ZX, which is accepted as the gold standard
EAL, by using the alginate model. Their correlation
between two devices was excellent and parallel. RSUpex
can be used for WL determination. However, further
clinical studies is needed before using this new device

in clinical practice.
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The purpose of this study was to evaluate the effect of 17 % ethylenediaminetetraacitic acid (EDTA) at
pH 7.21 and 10 % citric acid at pH 1.55 on the microhardness of root dentin. Thirty human mandibular premolars
were split longitudinally and randomly divided into six groups. Specimens were treated as follows: Grl: 17 % EDTA
for 1 min, Gr2: 17 % EDTA for 3 min, Gr3: 17 % EDTA for 5 min, Gr4: 10 % citric acid for 1 min, Gr5: 10 % citric acid
for 3 min and Gré6: 10 % citric acid for 5 min. Dentin microhardness was measured with a Knoop indenter under a
50-g load and a 15-seconds dwell time. Data were statistically analyzed using Paired sample t-test, One-way ANOVA
and Independent samples t-test at 5 % significance level. The results indicated that both solutions significantly
decreased the microhardness of root dentin when contacted at 1, 3 and 5 minutes. The reductions of the microhardness
values of root dentins that were exposed to 10 % citric acid at 3 and 5 minutes were significantly higher than those
of EDTA groups. Under the conditions of this study, 17 % EDTA at pH 7.21 could be safely used as an irrigating

solution without a change of dentin surface microhardness when contact time is 1-5 minutes.

Keywords: Citric Acid, Dentin, Root Canal, Ethylenediaminetetraacitic acid, Hardness
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Figure 1 Specimen preparation A: Root submersion in clear acrylic resin, B: Longitudinal separation of the root through root canal,

C: 45-degree bevel of root canal walls, D: Positions of Knoop impressions on the middle third of root canal wall.
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Table 1 Knoop hardness values of root canal dentin before and after contacted with 17 % EDTA and 10 % Citric acid

Knoop hardness value (kg.mm™?)

Group
(N=10) Pre Post p-value
(Mean + SD) (Mean % SD)

EDTA 1 min 45.70 + 7.63 36.39 + 4.37 " .000
EDTA 3 min 5531 £+ 9.76 44.88 + 10.52 " .000
EDTA 5 min 54.93 + 9.54 43.82 +9.91" .000
Citric 1 min 53.66 + 9.77 41.11 + 6.15° .000
Citric 3 min 60.88 + 6.58 37.26 + 8.08 ° .000
Citric 5 min 60.79 + 12.76 34.38 + 7.10 ° .000

A - No statistically significant difference (p > 0.05) between groups

a, b - Different letters indicate a significant difference (p < 0.05) between groups

o

AANNLdIsERUIanIALUULUYRIHTIRanINily  unnmseensditudAamnieain (p=0.595) vesrAnuudaseau

9 Y
£ ' =]
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Table2 Decreases of Knoop hardness value of root canal dentin before and after contacted with 17 % EDTA and

10 % Citric acid.

Contact time 17 % EDTA 10 % Citric acid
(Mean # SD) (Mean % SD)
1 minute 932 +464° 12.55 + 594 °
3 minutes 10.43 + 2.14° 23.62 + 6.23 °
5 minutes 11.11 + 451 ° 26.41 + 7.07°

Different superscript letters indicate a significant difference (p < 0.05) between groups.
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Figure 2 Rhombohedral-shaped Knoop impressions on root dentin of the specimens
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