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Editorial

The Academy of Prosthetic Dentistry was established in 1996. This academy started out as a
professional association for prosthodontists. However, there was no official publication platform for
academic and research performance. In 2011, the President Dr. Shen, expressed his ambition for journal
publication to the council of the academy. He was supported by the council, and the academy has decided
to publish this journal. I was invited to organize a board of editors that is responsible for the acceptance
and editing of papers submitted to the journal. This journal aims to publish research articles related to
prosthodontics and implantology in both English and Chinese. Technical reports and clinical case reports

are also welcome.

In this issue, an invited review article was written by an endodontist teaching in the University of
Pennsylvania, USA. He paid much attention and studied on the relationship between dental health and
mental health. His review will certainly invite attention and interest for prosthodontists who are providing

good mastication platform for their patients, thus will help preventing senile dementia.

Four case reports have been presented. One case report is regarding denture construction for
a combination syndrome patient, another three case reports are regarding implant insertion and
superstructure construction. I believe these reports will invite appreciation and discussion from colleagues
of prosthodontics and implantology. Unfortunately, there were no original research articles included in this
issue mostly because of time constraints and research facility limitations for our members. We will improve
this situation in future issues. On the other hand, two papers I called them “topical reviews~ are included
in this issue. They were written by graduate students under the supervision of their professors on topics
they have planned to research further. Thorough review of literature and information is the first step toward
a meaningful research methodology and material preparations. We encourage this kind of article and look

forward to their continued and fruitful outcomes with full research papers in the future.

We are not completely satisfied with the contents of this issue, but “Rome wasn't built in a day~ ,
with the active participation of our members and the efforts of our editorial board we will be able to achieve
our goal. I believe this journal will meet the standards of popular journals in the immediate future, and

becomes a platform for information sharing among prosthodontists and implantologists.

Yuh-Yuan Shiau
Editor—in-Chief

Journal of Prosthodontics and Implantology 5
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Tooth Loss and Brain Damage: Multiple Recurrent
Cortical Remapping Hypothesis
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Abstract

Basic biomedical knowledge of the neurobiological
mechanisms of the deafferentation of stomatognathic
systems has expanded greatly in recent decades. In
both human and animal experimental trials, there are
indications that the deafferentation of stomatognathic
systems may be a critical factor in triggering and
aggravating neurodegenerative diseases. This review
explores basic neurobiological mechanisms associated
with the deafferentation of stomatognathic systems;
further included is a discussion on tooth loss and other
oral-maxillofacial deafferentation (OMFD) mechanisms,
with a focus on dental and periodontal apparatus that are
associated with brain function and that may underlie the
changes observed in the aging brain. A new hypothesis is
proposed that tooth loss and changes in the functionality of
teeth may cause brain damage due to recurrent remapping
of the brain, and may even be a triggering and aggravating
factor in the onset and progression of Alzheimer's disease.
A growing understanding of the association of OMFD with
brain aging may lead to solutions in treating and preventing
cognitive decline and Alzheimer s disease.

Introduction
One of the greatest health threats of the twenty-first

century has been cognitive frailty and cognitive decline
of old age (Bishop et al.,, 2010). For adults over the age
of 85, a predicted near-50% of this population segment
will be afflicted with Alzheimer's disease. Recent advances
in the biology of stomatognathic systems, together with
human and animal experimental studies of the brain, are
beginning to shed light on the neural mechanisms and
their potential roles in cognitive decline. Clinicians may
have to develop new concepts and strategies in coping
with these new and challenging circumstances. Developing
therapeutic interventions and preventive strategies for such
conditions demands a greater understanding of the processes
underlying normal and pathological brain aging related to
stomatognathic systems.

The greatest risk factor for cognitive decline and
Alzheimer's disease in older adults is age itself (Bishop et
al,, 2010). Cumulating scientific evidence have indicated
a correlation between tooth loss and impaired brain
functions such as memory loss, cognitive impairment,
even prodromes of Alzheimer's disease and dementia
(Avlund et al., 2004; Bergdahl et al., 2007; Gatz et al.,
2006; Grabe et al,, 2009; Kaye et al., 2010; Okamoto et al.,
2010a, 2010b; Stein et al., 2007, 2010). Based on animal
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trials and clinical research, a recent review
(Weijenberg et al., 2011) has highlighted
the causal relationship of mastication on
cognitive functions. The correlation between
the loss of teeth with memory loss, cognitive
impairment, and prodromes of Alzheimer's
disease and dementia has not yet been fully
explored. Kondo et al. (1994) hypothesized
that tooth loss leads to a deprivation of
sensory information input during mastication.
Inflammatory mediators, bacteria, and toxins
associated with periodontitis have been
hypothesized to enhance brain inflammation
(Grabe et al., 2009; Kamer et al., 2008, 2012;
Kim et al., 2007), though as yet no conclusive
study has been completed. In combining the
latest studies, a new hypothesis is proposed:
Loss of teeth and changes in the functionality
of teeth may cause serious damage to the
function of the brain, and may even be a
triggering and aggravating factor in the onset
and progression of Alzheimer's disease and
dementia.

Tooth and Memories Associated
with the Function of Mastication

During the period of mixed dentition, the
roots of the primary teeth begin absorption
while permanent teeth begin growth and
eruption. Post-eruption, the permanent teeth
eventually complete occlusion and allow
mastication. The sensory receptors inside
the periodontal ligament of the permanent
teeth adapt to various functions, including
mastication (Trulsson, 2006, 2007; van der
Glas et al., 2007). This growth continues as the
function of occlusion-mastication matures and
stabilizes. During the stabilization period, the
periodontal sensory receptors of the teeth—
including mechanoreceptors, proprioceptive
receptors, nociceptive receptors, and other
related receptors and nerve endings—build a
functional neuronal connection with the sensory
cortex, on both conscious and unconscious
levels (Trulsson, 2006, 2007; van der Glas et
al., 2007). The periodontal sensory receptors of
the teeth coordinate with masticatory muscles
and joints to form a very precise neuromuscular
reflex (van der Glas et al., 2007). After
accumulating years of functional memories, the
matured and integrated occlusion-mastication
function becomes a basic and even pleasurable
physical act.

In the mature and integrated occlusion-
mastication act, processing food is not the
only mechanical function. Before eating

an apple, for example, memories relating
to this occlusion-mastication act remind us
that when we bite into the apple, we may
expect a crisp and juicy, fragrant and sweet
sensory event. This feedforward memory
and recognition result from the coordinated
and synchronized crossmodal, multisensory
recognition among visual sensory receptors,
olfactory sensory receptors, gustatory
sensory receptors (Boucher et al., 2006),
periodontal mechanoreceptors (Trulsson,
2006, 2007) and even the central connection
and organization of multiple sensory inputs
by the cortical neurons (Hirano et al., 2008;
Momose et al., 1997; Sesay et al., 2000; Takada
et al.,, 2004, Trulsson et al., 2010). After we
have bitten into and began chewing on the
apple, all related sensory receptors began its
recognize, evaluate, and enjoy the fruit. This
simple process of ingesting food is a complex
harmonization of conscious and unconscious
recognition, memory, conditioned reflexes,
and many other functions as multiple neural
transmissions, evaluations, decisions, and
executions happen simultaneously. In the
comprehensive execution of this neural
process, the teeth play a prominent role, as its
nerve endings and sensory receptors enable
the necessary precision in the massive and
comprehensive coordination of diverse players
in the occlusion-mastication act (Trulsson,
2006 2007). In this occlus1on mastication

symphony orchestra,” each tooth is
a musician performing its indelible,
intricate, and indispensable function in creating
the overall harmony of occlusion-mastication.
Should one or more “musician” (teeth) were
to change their function or become missing,
the orchestra's overall harmony is doubtlessly
affected, creating temporary or long-term
dissonances and increasing mental and
physical stress. To adapt to alterations, cope
with stress, and maintain the effectiveness
of the occlusion-mastication function in the
face of such changes, it is necessary for related
sensory cortical and motor remapping (Avivi-
Arber et al,, 2010; Henry et al., 2005).

Tooth and Head/Neck Activities
Associated with the Function of
Mastication

As discussed previously, processing food is
not the only aim of the occlusion-mastication
act. Before, during, and after food ingestion,
all twelve pairs of cranial nerves related to
the head/neck sensory and motor functions
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simultaneously coordinate and integrate
all relevant information. Additionally, all
masticatory muscles, as well as all the muscles
of the head and the neck, participate directly
and indirectly during the occlusion-mastication
act. The exercise of these aforementioned
muscles is necessary for survival; it is also a
natural pattern of routine for the head and the
neck. A growing body of literature suggests
that physical activity beneficially influences
brain function and executive cognitive
processes (Ratey and Loehr, 2011). Evidence
also indicates that mastication can affect
regional cerebral blood flow (Hirano et al,,
2008; Momose et al., 1997; Sesay et al.,, 2000;
Takada et al., 2004).

The occlusion-mastication act can be
changed locally and comprehensively by pain
due to decay, periodontal disease, or removal
of permanent teeth necessary in the occlusion-
mastication act; this change may lead to
subsequent changes in the motor patterns of
the head and neck. In cases of multiple teeth
loss, the motor function of the head and neck
(in particular the quality and quantity of
the masticatory muscular exercises) are also
affected. Long-term negative effects of such
a scenario have been shown in animal and
clinical studies (Andoh et al., 2009; Kato et
al.,, 1997; Kawanishi et al., 2010; Kaye et al.,
2010; Makiura et al.,, 2000; Miura et al.,, 2003;
Ono et al,, 2010, Onozuka et al., 1999, 2000;
Tsutsui et al., 2007; Watanabe et al., 2002;
Yamazaki et al., 2008) and may be plausibly
linked to an impaired learning abilities, loss
of memory, and subsequent development
into prodromes of Alzheimer's disease and
dementia.

Tooth Loss and Hypothesized
Multiple Recurrent Sensory and
Motor Cortical Remapping

Tooth loss leads to change in the occlusion-
mastication function, which in turn leads to
sensory cortical and motor cortical remapping
(Avivi-Arber et al., 2010; Henry, et al., 200S5).
The sensory cortex of permanent teeth holds
the functional and mature memories of the
occlusion-mastication-ingestion act. Once
affected by the sensation of pain due to cavities
or periodontal diseases, changes may take
place, locally and centrally, in the occlusion-
mastication act, causing transitional sensory
cortical remapping (Iyengar et al., 2007).
In other words, the loss of the functional
and mature memories (due to the damage
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or removal of permanent teeth) may cause
sustained, even permanent, sensory cortical
and motor cortical remapping (Avivi-Arber et
al, 2010; Henry et al,, 200S). From the nerve
endings and sensory receptors in the damaged
permanent teeth, to the neurons in the
central nervous system, all related functional
connections undergo a cortical reorganization
during the sensory cortical and motor cortical
remapping. Simultaneously occurring are
local cortical re-circuitry, regional cortical
rewiring, even large-scale cortical restructuring
(Iyengar et al., 2007). The process of the
primary sensory cortical remapping may
overlap into areas of proximate cortical units,
which may in turn affect the cortical circuitries
of teeth, gingiva, and oral mucous membrane
proximate to the affected adjacent tooth or
teeth (Henry et al., 2005). It is hypothesized
that when neighboring or opposing teeth
are lost subsequently, a secondary sensory
cortical remapping is likely to occur, with an
ever-expanding area being affected by the
process of the cortical remapping. Ex analogia,
multiple, sequential loss of adjacent teeth may
cause tertiary and quaternary sensory cortical
remapping. With each remapping, the affected
cortical area grows larger, and with continuous
cortical rewiring and rebuilding and little time
for maturation, the new neuronal pathways
become always further removed from the
semblance of the original optimal connections,
decreasing the efficacy of the sensory
cortical and motor neuronal pathways for the
occlusion-mastication related function and its
associated memories and cognition.

In the primary motor cortical remapping
process, the area affected by the remapping
may expand to nearby cortical neurons, such as
cortical neurons controlling the anterior belly
of digastric muscle and geniglossus muscle
(Avivi-Arber et al,, 2010). It is hypothesized
that if neighboring or adjacent teeth are lost
subsequently, a secondary motor cortical
remapping is likely to occur, with an ever-
expanding area being affected by the process of
the cortical remapping. With each remapping,
the affected cortical area grows larger, and with
continuous cortical rewiring and rebuilding
and little time for maturation, the new neuronal
pathways become yet further removed
from the semblance of the original optimal
connections, decreasing the efficacy of the
sensory cortical and motor neuronal pathways
for the occlusion-mastication function and its
related memories and cognition.



Review

Recent research studies have shown
that a breakdown in the composition and
organization appears clearly and definitively
in anatomical regions of brain affected
by Alzheimer's disease, thus forming the
disconnection syndrome (He et al., 2009).
The etiology of the disconnection syndrome
correlates to the disruption of the neuronal
integrity of large-scale brain networks. The
memory, motor, and cognitive functions
relating to the occlusion-mastication act
covers multiple anatomical sub-areas of the
brain, including the primary and secondary
motor and sensory cortices, the temporal,
parietal, and occipital lobes, and more (Hirano
et al.,, 2008; Momose et al., 1997; Sesay et
al.,, 2000; Takada et al., 2004, Trulsson et al.,
2010). It is hypothesized that multiple teeth
loss and subsequent changes in the occlusion-
mastication function cause ever-expanding
motor and sensory cortical remapping.
Furthermore, the less efficient cortical
rewiring and rebuilding of the large-scale
brain networks, combined with aging (when
breakdowns in cerebral composition and
organization are more likely), may lead to a loss
of plasticity and an increase in disconnection
in the brain. As the disconnection syndrome
progresses, it is likely that this sequence of
events, which began with the loss of multiple
teeth, is likely cause and worsening factor for
Alzheimer's disease and dementia (Bergdahl
et al., 2007; Gatz et al., 2006; Grabe et al,,
2009; Kaye et al., 2010; Okamoto et al., 2010a,
2010b; Ono et al., 2010; Stein et al., 2007,
2010).

The Scope of Sensory cortical and
Motor Remapping

When a tooth is lost, its periodontal
and pulp sensory receptors (including
mechanoreceptors, proprioceptive receptors,
nociceptive receptors, and other related
receptors and nerve endings) are also lost.
The accompanying functions of these missing
receptors and nerve endings are reassigned to
adjacent teeth and tissues during the cortical
remapping process (Henry et al., 2005).
However, in the primary sensory cortical
remapping process, the affected areas are not
limited to the sensory receptors of the lost
teeth, nor limited to its related areas: The
sensory functions of adjacent oral mucosa,
tongue, and taste buds are also affected and
changed (Habre-Hallage et al., 2011, Boucher
etal.,, 2006). Subsequently, functional changes

may occur to the corresponding sensory
cortex and the relay neurons of the central
nervous system of these affected oral and
lingual mucosa and tissues. Starting within the
sensory and motor cortices, a massive cortical
modification, reorganization, and reintegration
begins in order to adapt all related nerve
endings and receptor cells, even various relay
neurons in the central nervous system (Jain et
al., 2008). (A simultaneous rebuilding of the
cortical nervous pathways may occur, including
local, regional, and large-scale cortical rewiring
and re-integration.)

Tooth Loss Leads to Difficult
Retrieval, or Complete Loss of,
Associated Memory

When a tooth is lost, its interior sensory
receptors (including mechanoreceptors,
proprioceptive receptors, nociceptive
receptors, and other related receptors
and nerve endings) are also lost. The
accompanying functions of these missing
receptors and nerve endings are reassigned to
adjacent teeth and tissues during the cortical
and sensory cortical remapping process.
However, the dental sensory functions make up
an important part in the precise neuromuscular
reflex and all related and associated memories.
A change or damage in the dental sensory
function may cause a comprehensive change
in the mastication and related function such
as postural balance control (Cuccurazzu et
al., 2007, Kushiro and Goto, 2011; Yoshida
et al., 2009). It is hypothesized that after a
certain amount of patching and adapting, the
mastication function may partially return, but
the precise dental sensory function, as well as
the cumulated functional (reflex) memory and
its related conscious and unconscious cognitive
chewing-related memories, may be difficult
to retrieve, gradually fading away or even no
longer in existence. Additionally, the sensory
functions of the adjacent oral membrane,
tongue membrane, and taste buds are also
affected and changed by tooth loss (Boucher et
al., 2006). All related functional memory and
conscious and unconscious cognitive memory
are subsequently affected and changed, very
possibly damaged, difficult to retrieve, or even
permanently lost.

Possible Damage to Brain
Functions Caused by Tooth Loss

A growing number of research evidence
show that the loss of peripheral sensory

Journal of Prosthodontics and Implantology 9
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functions, along with age difference and
puberty, correlates with the neuroplastic
changes of the brain, and may even form
crossmodal neuroplastic changes (Merabet and
Pascual-Leone, 2010). The loss of peripheral
sensory receptors and OMFD may also lead to
behavioral adaptations causing multiple levels
of impact and change in the brain (Cuccurazzu
et al.,, 2007, Deriu et al., 2010; Jain et al., 2008;
Kushiro and Goto, 2011; Yoshida et al., 2009).

When multiple teeth loss occurs, the
subsequent sensory and motor cortical
remapping, rewiring, and rebuilding of
various neural pathways on multiple levels
make it difficult in the extreme to return to
the original optimal connections and precise
neuromuscular and associated crossmodal
multisensory functions. Furthermore,
continuous cortical rewiring and rebuilding
of neural pathways may result in serious non-
ideal or over-detoured connections, thus
losing the functions' original high efficacy
level. It is hypothesized that long-term,
regular use of these non-ideal connections
is likely to cumulate in abnormal levels of
burden, may result in producing excessive
Beta - Amyloid, causing synaptic and extra-
synaptic dysfunction (Bordji et al., 2010, 2011;
Gladding and Raymond, 2011) and taxing
the limits of the brain's neuroplasticity. In
certain circumstances, all of these conditions
may combine to form short circuits, becoming
the proverbial final straw in breaking the last
surviving normal brain functions.

Permanent teeth are equipped with
mastication functions and mature memories
and losing them causes functional changes
in the brain. It is possible to adapt to these
changes; however, as the brain ages, the
plasticity of the brain decreases as well, and,
it is hypothesized that should the brain's
functions be further shocked by the loss of
strategic molars, the brain may suffer varying
degrees of impact on multiple levels. In the
aging process, multiple losses of teeth and its
consequent effects may lead to various levels
of cognitive and memory loss in old age, even
dementia or Alzheimer's disease (Avlund et al.,
2004; Bergdahl et al,, 2007; Gatz et al., 2006;
Grabe et al., 2009; Kaye et al., 2010; Okamoto
et al,, 2010a, 2010b; Ono et al,, 2010; Stein et
al.,, 2007,2010).

As shown by the above hypotheses and
worthwhile leads, new light may be shed on
the research on the etiology and treatment of
Alzheimer's disease and new directions and

10 Volume 1, Number 1, 2012

strategies considered for future studies in the
fascinating link between teeth loss and brain
change.
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Abstract

The present report demonstrates a clinical procedure to
restore an edentulous area with severe bone destruction
using ridge augmentation and implant placement.
Titanium-reinforced, expanded polytetrafluoroethylene
(ePTFE) membrane and tenting screws combined with
a mixture of autograft and allograft (rate 50%: 50%) were
used for guided bone regeneration (GBR). A two-stage
surgery was performed to remove the non-resorbable
membrane after 6 months healing period and delayed
implants were placed. A vertical bone height of 8.0 mm
(from 7.5 mm to 15.5 mm) and 7.0 mm (from 8.5 mm to
15.5 mm) was gained in the edentulous area corresponding
to tooth #36 and #37, respectively compared to the
radiographic image of the atrophic ridge before GBR.
Final superstructures on #36 and #37 were obtained with
favorable crown-root ratio. One and half year follow-up
examination showed stable marginal bone level and healthy
peri-implant mucosa.

Key words:vertical ridge augmentation, GBR, Ti-reinforced
ePTFE membrane, dental implant, tenting screws

Introduction

Subsequent horizontal and vertical bone loss is
unavoidable and often difficult to restore when teeth are
lost due to advanced periodontitis. Vertical bone defect is
more complicated to handle because of its high technical
sensitivity. Schmid et al. ! presented in 1991 vertical bone
regeneration around the protruded implants covered with an
expanded polytetrafluoroethylene (ePTFE) membrane in
rabbit skulls. Similar results reported Linde et al 2, Jovanovic
et al 3 and Renvert et al 4. Simion et al 5 reported the first
human and histologic study of vertical ridge augmentation
using a titanium-reinforced membrane and osseointegrated
implants. Guided bone regeneration (GBR) technique
has been developed to restore the lost hard tissue from the
broken walls where periodontal destruction happens ¢ 7. The
composite graft consisting of autogenous bone and freeze-
dried bone allograft (FDBA) has osteogenic properties. It
maintains space for the created bone volume to improve
the treatment outcome and predictability 8. Regenerated
bone provides good implant stability according to long-
term follow-up studies 2 - '1. The present report applied
such a technique and obtained a satisfactory result for an
edentulous area with severe bone loss.
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Patient condition and treatment planning

A medically stable 48-year-old, non-
smoking woman suffered from advanced
periodontitis of the teeth #36, #37 and #47.
The periapical radiographic examination of
the lower left mandibular posterior region
revealed severe alveolar bone loss around
#36 and #37 (Figure 1). The prognosis was
hopeless and #36, #37 should be extracted.
The reconstruction plan was to restore left
side dentition first followed by a right site
reconstruction.

Extraction and pre-implant GBR

Teeth #36 and #37 were extracted and soft
tissue healing was completed about 8 weeks
later. Panoramic X-ray showed severe bone
destruction at lower left posterior edentulous
ridge (Figure 2). The GBR procedure was
performed under local anesthesia with 2%
lidocaine and 1:100,000 epinephrine (Figure
3a). A full-thickness midcrestal incision was
made on the edentulous area using a sulcular
extension to the disto-buccal aspect of tooth
#37 (Figure 3b). The flaps were elevated to
expose the atrophic ridge and the immature
healing sockets (Figure 3c). Evident vertical
and horizontal bone defects were found.

Decortication of the ridge was performed
using a round bur to expose the medullary
spaces and promote the bleeding process. Two
tenting screws (7mm and 9mm in length)
were positioned at the existed bone peak
level of the adjacent tooth (#35) and distal

ramus area (Figure 3d). Autogenous bone
(Figure 3e) was harvested by disposable Safe-
scraperR in situ at the distolateral aspect of
the mandibular ramus and mixed with freeze-
dried bone allograft (FDBA) particles (Figure
3f), (rate 50%: S0%). The Ti-reinforced
ePTFE membrane (TR6Y) was shaped for
perfect adaptation and fixed to the lingual and
buccal plates with 3 tacks (Screw tack, ACER),
(Figure 3g). The membrane was placed 2 mm
away from the #35 root surface to keep off
bacterial contamination from the sulcus. Safety
distance was maintained to the mental nerve
while inserting the tacks to fix the membrane
and performing periosteal releasing incisions.
Tension-free flap was achieved using sufficient
periosteal releasing incisions for primary
wound closure. The soft tissue was secured
with non-resorbable horizontal mattress
sutures and interrupted sutures (Figure 3h
and 3i). Postoperative panoramic radiograph
showed overlying membrane, 2 tenting screws
and 3 fixation screws (Figure 3j).

The patient was prescribed with antibiotic
and analgesic medication (Doxymycin 100
mg/cap, twice a day for 7 days; Ponstan
250 mg/cap, three times a day for S days) to
prevent postoperative infection and pain. The
patient was advised to use mouth rinse with
0.2% chlorhexidine gluconate for postoperative
wound care. The sutures were removed after
14 days. Healing was uneventful. There was no
soft tissue dehiscence or membrane exposure.

Fig. 1 Fig. 2

Periapical radiograph revealed severe
bone destruction around tooth #36 and
#37.

Panoramic radiograph showed large vertical defects at the lower left
edentulous ridge.
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9 h i

Fig.3 Surgical procedures of bone grafting:

(a)Large interarch distance was shown. (b)One linear
and precise midcrestal incision was made. (c) Immature
healing sockets and apparent vertical and horizontal
defects were inspected. (d) Tenting screws were
positioned strategically to create the potential threshold
of vertical bone gain. (e,f) Autogenous bone graft was
harvested by bone scraper. Autograft combination with
allograft (FDBA) was applied to cover the screw heads
completely. (g-i) Ti-reinforced ePTFE membrane was
secured by 3 fixation tacks. About 2mm of the crestal
bone was left uncovered next to the adjacent tooth so
j as not to interfere with the healing of the periodontal
tissues. Primary wound closure was achieved with
nonresorbalbe horizontal and interrupted sutures. (j)
The postoperative panoramic radiograph displayed the
overlying membrane, 2 tenting screws and 3 fixation
tacks
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Implant placement

The 2nd stage of the surgery was
performed after 6 months to remove the non-
resorbable membrane (Figure 4a, 4b, 4c and
4d). A re-entry on the site revealed regenerated
hard tissue covering the tenting screws surface
(Figure 4e). Two titanium dental implants
(Straumann R £ X 4.8 mm X 10 mm, RN, SP;
£ X 4.8 mm X 10 mm, WN, SP) were inserted
after removal of the tenting screws (Figure 4g).
The implant of regular neck type was chosen
according to the compromised width of the
augmented crest bone at the first molar area

Fig.4

(a-c) After 6 months of healing, re-entry revealed the Ti-
reinforced membrane appeared stable with the fixation
screws in place. (d-g) Substantial regenerated bone fill
of the defect was noted after carefully removing of the
membrane and screws. (h,i) Two dental implants were
inserted and connected to their healing abutments.
(j) The radiograph shows that the implants were
surrounded by the augmented bone.

(Figure 4f). The implant position of the first
molar shifted distally and the shoulder level
was in a deeper corono-apical direction for
complete bone coverage of the implant surface
(Figure 4h). Soft tissue was closed with 5-0
Nylon interrupted sutures (Figure 4i).

Radiography revealed that the two
implants were positioned properly and that
the surrounding bone tissue was sound three
and half months later (Figure Sa). 2 solid
abutments (7 mm for RN, 5.5 mm for WN)
were placed with 35 N/cm insertion torque
value (Figure Sb, Sc).
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Two separate crowns were made without
splinting because the two implants had
different levels of shoulders in the corono-
apical dimension (Figure Sd, Se). The final
prostheses had favorable crown-root ratio in
the periapical radiograph (Figure 5f).

Follow-up

One and half year follow-up examination
showed stable marginal bone level (Figure 6a)
and healthy peri-implant mucosa (Figure 6b
and 6¢).

Fig.5 Dental prosthesis after implant placement:

(a) The boundary between augmented and native bone is ambiguous. (b,c) Two solid abutments were placed. (d,e) Two
implant supported restorations without splinting were placed with satisfactory clinical appearance. (f) Periapical radiograph
shows the implants and the prosthesis with favorable crown-root ratio.

Fig.6
(a) Final restorations after 8-month follow-up showed satisfactory marginal
bone level. (b,c) Peri-implant mucosa with pink and healthy appearance.
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Discussion

Vertical ridge augmentation can be
achieved by other techniques such as alveolar
distraction osteogenesis (ADO), '2-14 and
inlay/onlay grafting '> 6. ADO can produce
consistent bone regeneration '7, and autograft
is commonly thought to be the gold standard
of graft selection '8. GBR, however, has better
control over the undesired axis of regenerated
bone compared to ADO '4 and little space
limitation as a distractor application at the
mandibular area '. GBR can minimize the
usage of precious and rare autogenous bone
block from the oral cavity 20- 21,

An insufficiency of vertical bone height
for implant placement or a large distance often
requires changes of coronal length and form
resulting in an unfavorable crown-root ratio of
dental prosthesis. This is the main indication
for vertical ridge augmentation. Nissan et al 22
reported recently that the crown height space
of unsplinted implant supports prosthesis over
15 mm high but that it has a higher rate of
implant failure. In the present case, successful
vertical ridge augmentation via GBR instead
of implantation on the native bone height
reduced the consequent crown height space
to less than 15 mm. Establishment of the
adequate vertical crown space was believed to
have better long-term prognosis and stability.

Urban et al 23 demonstrated that the mean
vertical augmentation was 5.5 to 2.29 mm. The
existing periodontium of the adjacent teeth
should be the main consideration in predicting
the volume of the bone that can be regenerated.
Bone peaks of adjacent teeth show the effect
of space making and maintenance, which is the
key for bone regeneration 24. Support can be
obtained using tenting screws that can enhance
the effect of propping up the overlying barrier

M=

and enhance space maintenance for the severe
atrophic edentulous ridge. Hence, two tenting
screws were used in this case. A vertical bone
height of 8 mm and 7 mm in the edentulous
ridge was gained corresponding to the tooth
#36 and #37, respectively. Le et al 2> reported
even thicker vertical augmentation of 9.7 mm
mean value. Using tenting screws in large
vertical defects can be regarded as a better
protocol for ridge augmentation according to
Le et al and our experience.

Premature membrane exposure resulting
in postoperative infection is the major and
most frequent complication even though
ePTFE membrane is advantageous in GBR 26
27, Therefore, correct membrane placement
and stabilization with fixation screws and
primary passive closure are mandatory. To
avoid bacterial contamination from the
adjacent tooth and potential damage to the
mental nerve, the membrane was placed more
distally to the adjacent root surface and mental
foramen in this case. Thus, compromised
horizontal volume of crest morphology
at the first molar was unavoidable. High
technical sensitivity of the ePTFE membrane
is important compared to the bioresorbable
barrier membrane, which is easier to handle
during surgery 28. Hence, ePTFE membrane
application has a limited popularity.

Conclusion

GBR with Ti-reinforced ePTFE
membrane, tenting screws and bone grafts
offers predictable functional reconstruction of
large vertical defects. Long-term success and
survival rates can be predicted. This technique
is also a feasible and successful way to create
a desirable crown/root ratio for implant
prosthesis.

K2 B A 7 F S B 1t B4 2E 7l (staged approach of ridge augmentation) L R A
TIHBEN  BRE—EREFREGNET E—RE_AKREOAE®TIE - KREH T
& -F F 4 (guided bone regeneration) F W # - (& /i T~ & R 44 M FF 4 JE ( Ti-reinforced
ePTFE membrane) R % # #7 (tenting screws) Ll 3% #JE 6 17 B # B (autograft) # &£ &
F 18 B (allograft) H o4 o #2538 55 18 H BTI& 6 Bt - 55 = K F Wi A5 T~ 5] R 4K 1 10y P 4
JEFF o SR BEANA T - XK H BT 18R EE - Sk piT5 #FHALE
WG TET MR AR ELZT E— KEGEWELIE - FHZFER7SmmB

mE1S5.Smm -
#w F15.5mm -

HH w7 8.0mm -

UREZTH - KEIE (71 - F# F/ZH8.5mm
H g T7.0mmpy EE 5K ; RAEEX &G EZ - 17BN
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Abstract

A novel method is described to fabricate the surgical stent
for securing the free mucosal graft at the reconstructed
mandibles which are covered by thick soft tissue.
This procedure uses the computed tomography and
stereolithographic replica to replace conventional stone
model made from impression. The surgical stent is more
accurate and makes the surgical procedure more easily.

Key words ¢ free mucosal graft, computed tomography,
stereolithography, surgical stent

Introduction
Q_ cquired mandibular defects usually cause esthetic

eformation and functional loss. Free flaps have been
proved a successful method to reconstruct composite
segmental mandibular defects '. Oral rehabilitation can
be preformed with an implant retained prosthesis or a
conventional removable partial denture (RPD) after free flap
surviving. The bulky soft tissue overlying the bone of free
flaps should be thinned and even resurfaced with keratinized
skin or palatal mucosal graft 2. Mucosal grafts are preferred
because they have better cohesion and adhesion compared to
skin grafts 3. They provide a better tissue-bearing surface for
a conventional RPD and decrease the risk of peri-implantitis
4. A surgical stent is used to protect and immobilize the skin
graft or palatal tissue graft 5. This stent can be retained by
the implants or circumferential wires at bonebody. A cast of
the mandible is necessary to fabricate a stent before grafting
surgery. However, the stent often needs to be relined during
surgery because the soft tissue is too thick to register the
underlying bony surface. It is difficult and time consuming to
perform an ideal intaglio surface.
A technique is presented to make an accurate surgical stent
and to decrease the chance of reline during surgery.

Technique

1. Computed tomography (CT) scans the bone morphology
at the recipient site. The scan area should include the full
height of bone and the adjacent teeth of the recipient site.
It helps to determine the border onto which the surgical
stent will be extended (Figure 1).

2. The stereolithography (STL) mandibular replica is created
from the CT data (DICOM format). The replica should
represent the full height of bone and the adjacent teeth of
the recipient site. Check and remove irregular spikes on
the replica, as this may be digital noise.
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Fig. 1. The CT reconstructive image of recipient
site. A, buccal view. B, lingual view.

3. Mark the recipient area and apply a thin
layer of petroleum jelly as a separator
on the STL replica. Use the clear
autopolymerizing orthodontic resin to
form a stent covering the marked area on
the replica (Figure 2). The thickness of
the stent should provide adequate rigidity.
After final curing, remove the stent from
the replica, trim, polish, and clean the
stent (Figure 3).

4. The mucosal graft is sutured on the
exposed periosteum after the partial
thickness flap is elevated if there is no
implant placed at the recipient site. The
stent is placed over the mucosal graft
and fastened to the underlying bone
with circumferential wires. Drill the
holes corresponding to the implant
positions on the surgical stent if there are
osseointegrated implants at the recipient
site. Punch the periosteum to expose
the implant heads and place healing
abutments after elevation of the partial
thickness flap. The free mucosal graft is
adjusted to adapt to the recipient surface
and expose healing abutments. Adjust the
holes on the surgical stent for complete
seating. Replace the healing abutments to
temporary UCLA cylinders and connect
the cylinders with autopolymerizing
acrylic resin to the stent (Figure 4).
Preload the abutment screw with about 10
N-cm to prevent screw loosening during
the healing period. The stent is removed
to examine the recipient site after 1 to 2
weeks of healing and then reattached.

20 Volume 1, Number 1, 2012

Discussion

Free mucosal graft should be harvested
evenly and in suitable thickness for better
tissue support at the recipient site. A layer of
wax (2 mm thick) could be placed as a spacer
between the stent and the STL replica before
fabrication of a surgical stent on the STL
replica simulating the uniform space for the
graft. The spacer is necessary if the bone shape
and surface is irregular or the flange of the
stent has to extend vertically more than 10 mm
to provide adequate coverage. However the
stent will not extend too much depth bucco-
lingually if the bone shape and surface is gentle
and the bone height is low, like this case.
Hence, a wax spacer is not necessary.

In patients with multiple implants at the
recipient site, it is adequate and time saving
to retain the stent with only 2 or 3 implants
because the less temporary UCLA cylinders
are needed to be connected. It is also more
convenient for the operator to remove the stent
for checking. The cervical flare-out contour
of the healing abutment or the temporary
cylinders could be trimmed off to compress
the peri-implant mucosal graft with the
surgical stent. The holes on the stent may be
too big to fully insert and seat the stent when
the implants are not parallel to each other and
if the temporary cylinders are connected to the
implants first. This will leave the peri-implant
mucosal graft compressed inadequately.
However, the operator could seat the stent
with smaller holes above the implants first and
connect the temporary UCLA cylinders and
the healing abutments through the holes.

This technique shows that the surgical
stent is fabricated on the STL replica. It is
possible to design an identical shape of the
stent and “print-out” directly with the
rapid prototyping technique that is similar to
the method to make commercial CAD-CAM
surgical guides for implant surgery. However,
before developing a new material that can
be stable in the oral environment during the
healing period, using the conventional denture
material is still recommended. The new
material could be developed for replacing the
autopolymerizing resin in the future.

Conclusion

This novel method is suitable for those
grafted mandibles covered by thick soft tissue.
The surgical stent is more accurate and makes
the surgical procedure easier.
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Fig. 2. The stereolithography
mandibular replica and the surgical
stent. A, buccal view. B, lingual view.

Fig. 3. The surgical stent made of clear
autopolymerizing resin. A, polishing
surface. B, tissue surface

Fig. 4. The surgical stent was
connected to temporary UCLA
cylinders with autopolymerizing resin
to secure the position of underlying
mucosal graft.
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Abstract

Combination syndrome commonly occurs in patients with
a completely edentulous maxilla opposed by a bilateral
distal-extension removable partial denture. This syndrome
poses a considerable challenge to dentists. The symptoms
of the syndrome consist of anterior maxillary bone
loss, mandibular bone loss, tuberosity overgrowth, and
alveolar ridge canting. All of these effects render prosthetic
treatment more difficult, and although it is preferable to
use dental implants for functional support, complex cases
still require conventional prosthetic treatments for medical
or financial reasons.

This clinical report presents the prosthodontic
management of a patient exhibiting combination syndrome
along with a discussion of relevant literature.

Keywords: Combination syndrome, distal-extension RPD

Introduction

he oral rehabilitation of patients with an edentulous

maxilla opposed by natural mandibular anterior teeth
is a considerable challenge for many clinicians. These cases
pose many potential problems, including loss of bone
from the anterior edentulous maxilla and super-eruption
of unopposed mandibular anterior teeth. Kelly (1972)
proposed the term combination syndrome for this oral
condition and its resultant clinical features. The Glossary of
Prosthodontic Terms' has defined combination syndrome
as: the characteristic features that occur when an edentulous
macxilla is opposed by natural mandibular anterior teeth,
including loss of bone from the anterior portion of the
macxillary ridge, overgrowth of the tuberosities, papillary
hyperplasia of the hard palatal mucosa, extrusion of
mandibular anterior teeth, and loss of alveolar bone and
ridge height beneath the posterior mandibular removable
dental prosthesis bases — also called anterior hyperfunction
syndrome.

Kelly (1972)2 observed 20 patients equipped with
complete maxillary dentures opposing distal-extension
removable partial dentures (RPD). After three years of
follow-up, six of these patients showed a reduction of the
anterior bony ridge height (1.3530.83 mm) on lateral
cephalometric radiography. Meanwhile, an increasing bone
level of the tuberosities (1.38 ==0.36 mm) was noted in five
patients. Kelly (1972) proposed the preservation of posterior
teeth to support lower partial dentures and a more stable
occlusion to avoid combination syndrome. Preservation
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of posterior occlusion and avoidance of
anterior hyperfunction are considered the
primary treatment suggestions for this
complex condition. Saunder et al (1979)3
and Jameson (2001)* suggested the use of an
alternative tooth form and occlusal concept
(linear occlusion) and minimum anterior
contact for reducing further bone loss caused
by hyperfunction of anterior teeth. Previous
studies advocated osseointegrated implant-
retained or implant-supported prostheses to
change the occlusal force distribution and
decrease the traumatic stress to the alveolar
bone resulting from combination syndrome.>

The present report details the
prosthodontic management of a specific
patient exhibiting symptoms of combination
syndrome.

Case Report

A 73-year-old male patient was referred to
the Dentistry Department of Taipei Medical
University Hospital in Taipei, Taiwan, for
restorative treatment. The patient's chief
complaints were inadequate retention of
maxillary complete denture and inability
to chew comfortably. No major systemic
diseases or drug allergies were reported. On
examination, the patient had an edentulous
maxilla and nine natural mandibular anterior
teeth (Figure 1). Clinically, the patient
displayed anterior bone loss and flabby
tissue of the maxillary ridge, overgrowth of
the maxillary tuberosities, and over-erupted
mandibular anterior teeth (Figure 2). The
patient rejected any surgery and implant
therapy due to financial considerations. The
patient agreed to have a new complete denture
and a mandibular removable partial denture

Figure 1. Panoramic radiograph showing
a typical case of combination syndrome
with severe resorption of the anterior
maxillary and super-eruption of unopposed
mandibular anterior teeth.

(©)

Figure 2.: (a) Occlusal view of maxillary
arch. (b) Occlusal view of mandibular
arch showing tooth crowding. (c)
Right-side view revealing the retained
canine. (d) Preoperative frontal view
showing greater bone resorption of the
premaxillary area. (e) Left-side view
indicating sufficient restoration space.
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after some discussion.

Initial therapy included oral hygiene
instructions, caries control, and nonsurgical
periodontal therapy. At the first clinical
appointment for prosthodontic treatment,
a preliminary impression of the maxillary
and mandibular arches was made with
irreversible hydrocolloid materials (Hydrogum,
Zhermack®, Badia Polesine, Italy) and poured
with dental stone. A custom tray was fabricated
for the maxillary complete denture impression
and a wax relief was applied to the anterior
flabby tissue area. A green modeling compound
(GC Corp, Tokyo, Japan) was then used to
obtain accurate denture border position and
seal. The definitive impression of the maxillary
arch was made with vinyl polysiloxane
impression material (Virtual®, Ivoclar Vivadent,
Schaan, Italy) ( Figure 3a). A definitive cast was
created with type III dental stone.

A Kennedy Class I RPD of the mandibular
arch was designed after surveying the cast.
Following tooth preparation, the definitive
impression of the RPD framework was made
with vinyl polysiloxane material (Aquasil,
Dentsply Caulk, Milford, Delaware, USA).
The altered-cast technique was promulgated
to improve the stability of the mandibular
RPD and correct any errors incurred at the
first impression stage. After the face-bow
transfer, the maxillary and mandibular master
casts were mounted in centric relation on a

(b)

semi-adjustable articulator (Whip Mix 3040,
Louisville, Kentucky, USA). In addition,
an intraoral Gothic Arch Tracer (Simplex®,
Dentsply, New York, USA) was applied to
verify accurate and reproducible occlusal
vertical dimension (OVD) and centric relation
(CR)(Figure 3c).

The selection of maxillary anterior artificial
teeth was determined by patient gender and
personality. Balanced occlusion was indicated
for this case to assure an even distribution
of occlusal force and prevent occlusal
interferences on the residual ridge. The tooth
arrangement was checked for esthetics and CR
position and then submitted for processing.
After prescrip, both casts were remounted,
adjusted, and polished. At a subsequent
appointment, the finished prostheses were
delivered and minimal occlusal adjustment
was needed. The patient was pleased with their
appearance and chewing ability. A maintenance
program including oral hygiene instruction and
prosthesis home care was established. At the
18-month maintenance visit, no complications
were observed.

Discussion

Treatment of patients with an edentulous
maxilla opposed to natural mandibular
anterior teeth and a distal-extension RPD is
considered a challenge for dental practitioners.
Combination syndrome has a prevalence rate

Figure 3.: (a) Maxillary impression prepared by mucostatic impression technique. (b) Altered-cast impression for the distal-
extension RPD. (c) Gothic arch tracer was applied to record the CR position.

(b)
Figure 4.: Frontal and lateral views of the finished prostheses at the time of delivery. Even occlusal contacts and minimum
anterior contacts were provided for this case.
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of approximately 24% for denture patients®.
Therefore, it is necessary for dentists to
understand the particular problems of patients
and provide a comprehensive treatment plan.

Increasing pressure on the premaxillary
alveolar ridge and loss of adequate posterior
occlusal contacts are important factors
in relation to combination syndrome®. 7.
The bone loss in the midline of the maxilla
observed by Kelly (1972) was 0.43 mm/
year. Lopez-Rold4n etal (2009)8 and Barber
etal (1990)9 reported similar results (0.32
mm/year and 0.36 mm/year, respectively)
among patients wearing a maxillary complete
denture and mandibular overdentures on two
implants, a situation in which the prosthetics
are biomechanically similar to Kelly's cases.
Maximum support of the denture-bearing
area, preservation of the mandibular posterior
abutment, and balanced occlusion were all
proposed to prevent bone loss and excess
pressure on the anterior maxillary alveolar
ridge. Similarly, Van Waas etal (1993)10
suggested the avoidance of total tooth
extraction, the preservation of a few teeth, and
the use of overdentures.

In the present case, the mucostatic
impression technique with relief at the
anterior maxillary flabby tissue was applied
to accurately record the entire functional
denture-bearing area (Figure 3a). In addition,
the maxillary right canine root was retained
for preservation of alveolar bone and
proprioception. Meanwhile, a proper occlusal
plane, the balancing of tooth contacts during
excursive movements, the elimination of
anterior contacts, and remounting techniques
were used to gain better distribution of
occlusal force and reduce stress on the anterior
maxillary alveolar ridge.

The effect of mandibular status on
maxillary ridge resorption has been widely
discussed and investigated. Carlsson etal
(1967)17 compared bone resorption of the
anterior maxillary alveolar ridge among
patients with maxillary complete dentures
and three different mandibular statuses: (1) a
mandibular complete denture; (2) mandibular
anterior teeth with bilateral extension RPD;
and (3) mandibular teeth only. Greater bone
resorption was found in the groups that had
anterior mandibular teeth with or without
an RPD when compared to the group with
mandibular teeth only. However, small and
insignificant changes of the bone height were
described over five-years of follow-up in

patients with a maxillary complete denture
opposed by a bar-retained mandibular RPD"2.
Other studies’3 4 showed no significant
differences and proposed that the individual
variations were larger, but the experimental
data revealed that greater bone resorption
occurred among patients with unilateral or
bilateral RPD. To prevent the occlusal and
enhance the treatment of cs, we propose that
(1) the distal-extension mandibular RPD
may serve a negative role for the deterioration
of combination syndrome’5; and (2) the
application of dental implants in edentulous
areas, especially at premolar or molar regions,
could provide better posterior support’é.
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Abstract

Background: When a corrective periodontal surgery
is indicated to assist fabricating a definite prosthesis or
restoration, some encountered tribulations from flap
management, wound closure, and keratinized tissues
preservation are required to be settled. In order to
handle these complexities, a modified suture technique,
alveolar tunneling technique, is proposed to facilitate flap
manipulation. Materials and Methods: Three cases
requiring a crown lengthening procedure were presented in
this report. After processing the routine dental examination,
evaluation and periodontal cause-related treatment, a
crown length mix procedure was applied and the flaps were
stabilized using the alveolar tunneling suture technique.
Preoperatively and postoperatively, the width of keratinized
gingiva and the pocket probing depth were measured and
recorded. The findings on radiographs were also compared.
A final prosthesis was delivered at least 3 months later,
followed by supportive periodontal therapy. Results: The
therapeutic effects of the applied suture technique include
a better bleeding control, a decreased hematoma formation
at the dead space, an established definite position of a
flap, a secured mucosa or flap, and a preserved keratinized
gingiva. A predictable wound healing can therefore be
enhanced. Nevertheless, some disadvantages such as extra
alveolar bone preparation, technique sensitivity, more time
consumption, anatomic limitation, mild postoperative
discomfort, soft tissues pull, and cheek biting in molar
area may occur. Conclusion: A satisfactory treatment
outcome of the periodontal procedure of which flaps are
managed carefully according to the described alveolar
tunneling technique can be achieved. However, the clinical
and histological implications of this modified approach
on wound healing of soft and hard tissues require further
investigation. Clinical relevance : To stabilize the flap
tissues is not an easy task during periodontal operation.
The aim of this case report was to present a novel technique
(alveolar tunneling technique) to assist flap stabilization
and to position the flap accurately onto an intended
location. In such way, it may assist in bleeding control,
decrease hematoma formation from the dead space at the
surgery site, establish a definite position of flap, secure a
mobile mucosa or flap, and preserve almost all keratinized
gingiva. A better wound healing can therefore be enhanced.

Keywords: alveolar tunneling technique; apical positioned flap;
crown lengthening procedure; keratinized gingiva.
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Introduction

prosthodontic-periodontal surgery is

indicated once the interfering situations
such as subgingival decay, a short clinical
crown, a fractured tooth or esthetic demands
are encountered that prevent fabricating
a definite restoration '. With interrelated
periodontal flap operations, including distal
wedge, apically positioned flap, crown
lengthening procedure or gingivectomy,
a subtle and atraumatic flap management
is important for the treatment outcome.
Whatever the reasons for a periodontal
surgery, an open wound must be properly
debrided, irrigated and sutured when a
planned surgical practice is accomplished.
There are multiple purposes for retrieving the
reflected mucoperiosteal flap?. One intention
is to retain soft tissues in apposition with the
bone to promote wound healing. The reunited
flap may assist the formation and maintenance
of blood clots, by which a potential aggressive
postoperative bleeding or a hematoma is
prevented. The wound with an exposed bone
could evoke worse postoperative pain, and
the entrance of food debris into a surgical site
may induce possible postoperative infections
or contaminations that delay healing. These
complications can be avoided when the open
wound is well protected and closed3.

Less keratinized tissues are noted
around the buccal and lingual gingiva of
the mandibular molars#. The soft tissues
immediately distal to the mandibular terminal
molar consists of a small retromolar papilla,
situated in varying proximities to the base of
the anterior border of the ramus. The specific
anatomic and histological characteristics of
retromolar pad tissues contain an aggregation
of loose fatty tissues and glands but little
fibrous attached gingiva. The retromolar
papilla extends distally into the prominent
loosely attached mucosa, glands, muscle and
connective tissues, and forms the base of
the cheek. In many cases, the treatment of
periodontal pockets and subgingival dental
caries on the distal surface of the last molar is
complicated by the presence of bulbous tissues
over a prominent retromolar pad. Various
surgical techniques have been proposed to
facilitate accessing and modifying the soft
and hard tissues, such as the distal wedge
procedure® and the modified distal wedge
procedure® .

Due to the limitation to be approached

and the extensive loose cheek tissues at the
retromolar area, precise flap management
and fixation is always complicated and
unpredictable. It has been reported that the
high rebounding rate of soft tissues and the
mean distance between the restoration of the
tooth and bone crest is 2.4 mm instead of 3.0
mm post-operatively”. Another study showed
the mean tensile strength needed to detach the
flap from dentin was markedly weaker than
that from bone at all testing time points, while
the tensile strength of both flaps significantly
increased after the seventh day of healing and
continued to be improved thereafter8. These
findings imply that the routine schedule for
suture removal at one week after surgery may
not be long enough for flap stabilization,
especially since the healing between the tissues
and dentine requires an even longer period
of time. In addition, a stronger flap fixation is
therefore indicated.

Stabilizing the flap tissues at the end
of the operation by anchoring a detached
flap onto the alveolar bone in the oral cavity
through suturing has not yet been reported.
In this report, we presented a novel technique
(alveolar tunneling technique) to assist
flap stabilization and to position the flap
accurately onto an intended location. The
possible advantages and complications are also
discussed.

Case description

Three Asian patients with non-
contributory medical histories and non-
smoking habits were referred to the
Periodontics Department in Chang-
Gung Memorial Hospital for a Prosthetic-
Periodontal evaluation and treatment.
Preceding the clinical and radiographic
examination, diagnosis, consultation and
treatment planning, the indications for the
intervention of periodontal surgery were
confirmed. A cause-related therapy, including
oral hygiene instructions and plaque control,
was accomplished and a signed informed
consent was obtained prior to the operation.
The patients were instructed to rinse for one
minute with 0.12% chlorhexidine (Scodyl,
Beauteeth Company Ltd, Taiwan). The flap,
a full thickness design, was elevated over the
mucogingival junction and a mucoperiosteal
flap followed. During surgery, following an
adequate anesthesia, an incision was made,
flaps were reflected, granulation tissues
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Fig1 A “) 7 shape alveolar tunnel can be created with
No. 520 round bur at buccal or lingual site in a safe distance
away from the proximal tooth.

were removed, the root was planed, osseous
resection/plastic was performed, the alveolar
tunnel was made (Fig 1) and the wound was
closed by suturing. Stitches were removed
10 to 14 days postoperatively. Amoxicillin
500mg, t.i.d for seven days, if a bone graft was
applied, and Scanol® 400mg, q.i.d for seven
days, were prescribed post operatively. Also, a
regimen of 0.12% chlorhexidine rinse b.i.d was
utilized for 3-4 weeks following the surgery.
The patient after that received periodontal
maintenance was recalled once every three
months. Preoperatively and postoperatively,
the width of keratinized gingiva and the pocket
probing depths were measured and recorded.
The findings on periodical radiographs were
also compared.

Case one

The 44—year-old otherwise healthy female
patient complained that her tooth #37 was
sensitive to cold water and she had a swollen
gingiva. Several findings were observed after
examination, including a secondary caries
apical to the amalgam restoration extended to
subgingival 2.0-3.0 mm in this lingual tilting
secondary molar (Fig 2a, 2b, 2c). Swollen
retromolar tissues and a 6.0-7.0 mm probing
pocket depth at distal site of the tooth were
also noticed. In order to expose the defect to
repair the impaired restoration, to remove the
excessive soft tissues for better oral hygiene
accessibility and to perform a flap operation for
decreasing pocket depth, a crown lengthening
procedure was indicated. The measured
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keratinized gingiva was 2.0-3.0 mm at the
buccal site, 3.0-4.0 mm at the lingual location
and 1.0-2.0 mm at the retromolar position. The
decay was temporary filled with Ketac Silver++
to prevent the tooth from becoming sensitive
(Fig 2a). Intrasucular incisions were made
from tooth #37 to tooth #36 at both buccal
and lingual aspects® (Fig 2d). A trap door
technique instead of a traditional distal wedge
was carried out at the distal side of tooth
#3710, After trimming away the undermine
connective tissues, a full thickness with a
mucoperiosteal flap was reflected for better and
passive wound closure''. When the interested
field was exposed, a 4.0 mm infrabony defect
and a tooth defect were noted at the distal side
of tooth #37. A thorough degranulation, root
planning and an osseous plastic surgery with
autogenous bone graft were carried out to
eliminate the bony defect and to re-establish
enough accommodation for a biological
width12.13.14, A “ ) " shape tunnel was
created with a no. 520** round bur at a safe
distance of 3.0 mm away from the tooth (Fig
2d). Since the size and shape of the tunnel
depends on the type of needle used for wound
closure, a No. P3 needle shaped tunnel was
created and a 4-0 Vicryl® suture was applied
(Fig 2e). The wound was protected with COE-
PAK™ packing. The patient returned one
week later for oral hygiene reinforcement and
examination. The suture was removed after 14
days and recalls took place once a month for
three months. The wound healing was normal
and the 2.0-3.0 mm limited keratinized gingiva
persisted. The probing depth at distal side of
the tooth decreased to 3.0 mm. The shallow
vestibular did not deteriorate (Fig 2f).

Case two

A 26-year-old male patient was referred
from the Prosthodontic Department for
evaluation and treatment of mesial shifting
and a tilting tooth #48. An undermine caries
was found before the original fixed partial
prosthesis was discarded. The severely
damaged tooth structure amplified the
challenge to rehabilitate a healthy, functional
and aesthetic restoration (Fig 3a). A crown
lengthening procedure with apically placed
flap was required to expose more tooth
structure to enhance essential retention for
the renewed 3-unit bridge. No significant
mobility was detected for the involved teeth.
A 3.0-4.0 mm probing depth around the tooth



Technical Report

Fig 2 Alingual tilting tooth #37 with secondary
caries was noted. Preoperatively, the decay
was temporarily filled with Ketac Silver. (a)
buccal view of tooth #37,(b) lingual view of
tooth #37, and (c) the bite-wing radiograph
showed a secondary caries extended 2-3 mm
into subgingival tissues before Ketac Silver
temporary filling. (d) Subsequent to reflecting
buccal and lingual full thickness flaps from
tooth #36 to #37 and removing the granulation
tissues at distal wedge, osseous resection
and plastic were performed. A 3 mm distance
from crest to caries margin was established
for the accommodation of biological width
and an alveolar tunnel was created at distal
buccal site - sewed by a 3-0 silk suture. (e)
Wound was closed with a 4-0 Vicryl suture. (f)
Post-operative buccal view of the surgery site
3 months later. (g) lingual view. (h) vertical
bite wing radiography.

d e f

Fig 3 (a) A mesially shifting and tilting tooth #48 presented an extensive decay on short clinical crown that extended
subgingivally. (b) A 3 mm wide keratinized gingival at the buccal surface was noted. (c) X-ray shows insufficient biological
width at mesial margin. (d) Two alveolar tunnels were prepared in a safe distance 2.0 mm away from the tooth at both mesial
and distal sides, then; the flaps were repositioned apically and stabilized by a vertical mattress 4-0 Vicryl® suture that passed
through the tunnels. (e) Three to four months later, a final prosthesis was delivered and the same 3.0 mm keratinized gingival
was preserve. (f) Post-operative radiograph demonstrated a normal healing pattern of alveolar bone.
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and a 3.0 mm width keratinized gingiva at
the buccal surface was noted (Fig 3b). A mid-
crestal incision from distal tooth #45 to tooth
#48 was made initially and an intrasucular
incision around tooth #48 and a distal wedge
followed. Releasing incisions of the flap were
made mesially and distally. Subsequent to
elevating the planned flap, granulation tissues
were removed, the root surface was planed and
a 3.0 mm accommodating zone for biological
width was created. A tunnel was generated
with a No. 520 round bur at a 2.0 mm safe
distance away from the tooth mesially and
distally. The flap was repositioned apically and
stabilized by a vertical mattress 4-0 Vicryl®
suture that passed through the alveolar tunnel
(Fig 3c). Suture removal and the following
recalls were held according to the schedule (Fig
3d). A permanent prosthesis was provided four
months later. A normal healing pattern without
complication took place. The same 3.0 mm
keratinized gingiva and probing depth were
retained (Fig 3e, 3f).

Case three

A 26-year-old male in generally good
health asked for a prosthesis replacement of
his upper anterior teeth because of gingival
recession and the metal color of the prosthesis
had begun to show through (Fig 4a).
Secondary subgingival caries associated with

the prosthesis were found on pre-operative
radiograph (Fig 4b). After removing the ill-
fitting prosthesis, short clinical crowns with
a biological width violation and subgingival
finishing margin were found at teeth #12 and
#11(Fig 4c). A crown lengthening procedure
combined with an apically positioned flap
from tooth #13 to tooth #23 was planned
to reestablish a healthy biological width
and an aesthetic smile line'2.73,74, Intra-oral
examination revealed no significant mobility
for all of the involved teeth. A 3.0-4.0 mm
acceptable probing depth around the teeth
and a 5.0 mm width keratinized gingival tissue
at buccal surface were noted. Intrasucular
incisions were made from tooth #14 to tooth
#24 at both buccal and lingual sides. Two
vertical incisions at the distal-buccal line
angle of teeth #13 and #23 were made. A full
thickness with a mucoperiosteal flap was lifted.
Subsequent to degranulation, root planing and
osseous resection/plastic, a 3.0 mm distance
from alveolar crest to the prepared margin
was established to restore enough space for a
biological width. A tunnel was created with
a no. 4 round bur at a 1.0 mm safe distance
away from the tooth (Fig 4d). The flap was
repositioned apically and stabilized by a 4-0
Vicryl® suture that passed through the alveolar
tunnel and secured the flap with a vertical
mattress tie (Fig 4e). The suture was removed
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Fig 4 (a) Clinical frontal appearances of upper anterior
teeth illustrated an inflammatory gingiva. (b) Secondary
subgingival caries were found on pre-operative
radiograph. (c) Biological width violation and short
clinical crowns were noted after removing ill-fitted
prosthesis.(d) A crown lengthening procedure from
tooth #13 to tooth #23 was carried out to reestablish
a biological width and an aesthetic smile line. Alveolar
tunnels, showed by a 3-0 silk suture, were created
and were kept a 1.0-2.0 mm safe distance away from
the teeth. (e) The flap was repositioned precisely and
stabilized by a 4-0 Vicryl® suture that passed through
the alveolar tunnel. (f) Permanent crowns were provide
four months later and a healthy keratinized gingiva was
retained.
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after 14 days and recalls were held once
every three months. Permanent crowns were
delivered four months later (Fig 4f). Healing
was within normal limits. There were no noted
complications and oral aesthetics, health and
function have improved. In addition, almost
the same 5.0 mm keratinized gingiva and 3.0-
4.0 mm probing depth were retained (Fig 6f).

Discussion

Crown lengthening can be used for
esthetic reason or teeth with subginigval
destruction, such as caries or fracture. By
using this technique we are able to establish
biological width and ensure ferrule length.
It has been confirmed that if the distance
between the margin of restoration and the
osseous crest is less than 3 mm, it can cause
chronic inflammation and has the risk of losing
periodontal attachment and, eventually, bone
resorption. Crown lengthening technique can
help recreate enough distance to maintain
biological width to avoid this problem. If the
tooth in need of restoration has poor clinical
crown structure, we often find the restoration
fall off or fracture again easily. This would
happen if the crown fabrication process fails to
provide enough tooth structure at apical one
third of preparation. The occlusal forces may
transmit to the interface of post and root, and
in turn causes the cement to become fatigue
and post dislodgement or crown fracture. It
is important to have enough tooth structural
ferrule length (1-2 mm circumferentially) to
resist the occlusal stress concentration at this
area.

The mandibular retromolar area is formed
by a flat buccal shelf and creates a shallow
vestibular fornix. The inherent architecture
of the retromolar area makes it difficult to be
accessed and managed during periodontal
surgery. How to achieve a harmonized
physiologic bony architecture depends on
the alveolar bone management and surgical
flap reposition. According to the purposes
of periodontal therapy, the retracted flaps
may be repositioned or replaced (e.g. apically
positioned, coronally positioned, or laterally
positioned) along with specific operative
techniques’>. If keratinized gingival tissues
are minimal, or once the keratinized gingival
tissues are minimized after surgery, their
preservation is strongly indicated.

The tensile strength of the tooth-gingival
flap interface following periodontal flap
surgery in dogs increased from about 200 g

on the third day to 340 g after 5-7 days and
to more than 1700 g in two weeks'6. This
information implied that the wound integrity
relied mainly on the stabilization of the
periodontal flap provided by suturing during
the early healing phase. Consequently, for
periodontal flap surgery, the choice of suture
material, placement and removal should be
emphasized on protecting the wound from
plaque colonization, infection and trauma from
oral hygiene procedures’s.

There are many surgical principles that
must be complied with to achieve a satisfactory
outcome of an operation. The final location
of flap should be well secured to promote an
optimized wound healing. However, if the flap
is pulled and anchored in a situation beyond
the passive appropriateness, the created tension
on the flap potentially not only interferes with
blood supply for the healing periodontium,
but also cause the adapted tissues to be pulled
through by stitches and create an open wound
that induces impeded wound healing and
compromised treatment results. Under most
circumstances, it is better to decide the final
location of flaps before the beginning of the
surgery whenever possible. This novel suture
technique offers an alternative option to
neutralizing some produced tensile strength of
the dragged flaps.

The most evident and significant function
that sutures afford is to hold the flap into
position and approximate the two wound
edges. If the space between the two wound
edges is minimal, a fast and completed wound
healing by primary intention can be achieved.

If the bleeding in the underlying tissues
continues, the surface mucosa or skin
would not be closed and the formation of a
hematoma would occur. Sutures not only help
homeostasis, but also assist holding the soft
tissue flap over the bone. This is an extremely
important function, since the bone that is
not covered by the soft tissues will become
non-vital and the wound healing requires an
extremely long time. That's why unless an
appropriate suture technique is employed,
the flap may retract away from the bone and
expose it and result in delayed healing and
possibly infection.

In an oral cavity, the induced response
of gingival and mucosa tissues to the placed
stitch is different from the responses observed
at other experimented sites. The humid and
infectious environment of the oral cavity may
cause bacterial migration along the sutures into
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the tissue 7 and there is more persistent and
progressive inflammatory reaction associated
with remaining sutures than in the skin. In
addition, a rapid epithelial invagination was
also observed’>78. An epithelial migration
or bacterial invasion along the sutures into
the created alveolar tunnel by this method is
therefore possible; however, the implicative
healing pattern needs to be confirmed by
histology. The suture material and the timing
of suture removal may play an important
role in wound healing. Silk* is a popular
suture material that is extensively used in
oral and periodontal surgery. However, it
has been reported that silk can clinically
and histologically cause a more intense and
prolonged inflammatory reaction than most
pertinent alternatives'>'9. 20, Meanwhile,
braided sutures tend to encourage more
bacterial migration into the connective tissues
than monofilament sutures. The cellular and
immunologic defense against the invasion
related to the braided material is considerably
compromised 2'. In a study on beagles,
more evident inflammation was noted in the
vestibular mucosa than in the mandibular
ridge area at all tested time points and in the
examined suture materials’>. In general, instead
of the routinely used braided silk suture, a
polyglactin-made suture may be a better choice
for regions such as a mandibular retromolar
pad19.22,

Flap management with the assistance of
the alveolar tunneling technique provides
some noted advantages: it may assist in
stopping bleeding, decrease a hematoma
fomation in the dead space at the surgery site,
establish a definite position of flap, secure a
mobile mucosa or flap, and preserve almost all
keratinized gingiva. A better wound healing
can therefore be enhanced.

To date, the alveolar tunneling technique
has been applied into the conditions where
an apically positioned flap, a reposition
flap, a disposition flap and additional flap
stabilization are required. It has also been
applied in securing a loose or replanted tooth
during surgery. An acceptable clinical result
can be achieved. Nevertheless, this technique
is contraindicated for a compromised wound
healing patient, a situation with an anatomical
limitation (such as roots proximity, thin
alveolar bone, etc.), a shortage of keratinized
gingiva, insufficient quality and quantity of
alveolar bone, and weak practitioner expertise.
Some disadvantages have been uncovered,
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including extra alveolar bone preparation,
technique sensitivity, time consumption,
anatomy limitation and a primary wound
closure that may be difficult at the
interproximal areas when the flap is extensively
apically positioned.

Some complaints and side effects have
been induced postoperatively, for instance,
mild discomfort, soft tissue pull, and
cheek biting (especially in the molar area).
Meanwhile, a possible alveolar resorption
caused by tunnel preparation may occur.
This may not be detected on the follow up
radiography. The reason for soft tissue pulling
or a tight feeling could be originated from an
insufficient passive position or a flap release.
Similar findings in the field of plastic surgery
have been reported. The trap door technique
may cause more scar tissue than other suture
techniques. Moreover, the complications
mentioned tended to decrease or disappear
with time. The long term results of this
technique still need to be verified.

Conclusions

This case report presented a modified
suture technique to assist keratinized gingiva
preservation and to stabilize the flexible
flaps in a preferable position. An optimized
clinical result can be achieved. However,
the clinical and histological inferences of
this adapted practice on soft and bone
tissues wound healing remain to be further
investigated. Satisfactory clinical outcomes of
this periodontal procedure, in which flaps are
managed according to the described alveolar
tunneling technique, can be achieved on the
condition that enough attention is given and
precautions are taken.

*  Vicryl® suture-Absorbable synthetic material:
polyglactin 910 Coated Vicryl, undyed
braided, #4-0, cutting needle P-3, Ethicon
Nonabsorbable organic material: silk (black
braided silk, #4-0, cutting needle, P-3,
Ethicon)

** No 520 round bur: sizel /4, diameter 0.5mm
+*+* Restorative material: Ketac™ Silver Aplicap

k%

(silver-reinforced glass ionomer restorative
material, 3M ESPE)
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Traditional guidelines suggested that 2 to 3 months of
alveolar ridge remodeling following tooth extraction
and an additional 3 to 6 months of load-free healing
after implant insertion are needed for osseointegration
to take place. However, nowadays immediate placement
and immediate loading do not interfere the process of
osseointegration. To achieve osseointegration, the level
of micromotion should be kept below a certain tolerance
threshold. Upper anterior single immediate placement of
dental implants at the time of tooth extraction has yielded
favorable and predictable results. Advantages include better
bone and soft tissue preservation, reduced postoperative
pain, significant reduction of clinical chair time, and greater
patient acceptance. Apart from time gain, another rationale
for immediate implantation and provisionalization is the
potential to maximally preserve hard and soft tissues,
which may be beneficial to the esthetic treatment outcome.
The aim of the present literature review was to evaluate the
outcome of immediate implantation and provisionalization
to replace single maxillary tooth at the esthetic zone.

Key words: immediate implantation, maxillary anterior, tapered
implant
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Marginal Bone Loss of Dental Implant: Biomechanical
Difference between Dental Implant and Natural Tooth

HIEAEERAZIRR: FREREE AT EEMHRMEE LAVER

Yung-En Chen FREk 2
Master Institute, School of Dentistry
National Yang-Ming University

B PR AR B RA LI

Ming-Lun Hsu EFBR{#&
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BN FRRAABR A BRERHIRERTEE

Shing-Wai Yip EERE
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AR RBEREENEE

There are several biomechanical variations existed between
implant and natural tooth. Implant overloading may occur
if clinicians do not take these differences into account.
When, the overload was transferred to the implant and its
surrounding bone peri-implant bone loss may be induced
which leads to the failure of the implant therapy:.

The first part of this article reviewed the biomechanical
differences between implant and natural tooth, including
the presence of the periodontal ligament, fulcrum and
movement phases upon loading, micromotion and the
responses to occlusal overloads. The second part will review
the cause and the phenomenon of peri-implant bone loss.
Clinicians should consider about ‘implant-protected
occlusion” to reduce the harmful overload transmitted to
the implant and its surrounding bone to make the implant
prosthesis away from failure.

BHERE (dental implant ) B [ SRZF 11 A= BHEA A= E8 Ak |-

HY TR E R ARANE] o FH S IRF s R 5 W 1 A [RGE &
& HrIREe S pUE SR 5 E#H (overloading ) » HETIE
J5JE B SR B R 3 A B TRk » T A RS EUE RS VE R
I -

AR BB —ER o atim AR I E | - HARA BLFE RS
THERZ R - G T A ERATHIIIEE « B RS B R B
X EAYZESL ~ RN[EIRR EERYTEARS B DL S 52 238 B e il IRF R 2 S
[FI SR - 158 A0 RIEREHE RS E =B 2Ry SR - DU
AIREE LB SRAAERE R - et - By 7RIS AR T
L IR L - AR HERE T RS RS

(implant-protected occlusion ) * DAY/ NELEF R I I& » 3EE]
PREEFEREAI DR -

1. MEMERS LR B AT RIERARZE
H AR A Bl 2F RHE G AE A BB A B b YA RS
"I LURAIEHE R
1.1 HAS FHREES A#)7T (periodontal ligaments )
1.2 BEMER, (movement phases )
1.3 %% (micromotion)
1.4 3Z BB 5 i B #RFHY S E (responses to occlusal
overload
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1.1 BATEABEEZFREA#F% (Periodontal

Ligament )
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RO I oz Al A A AR e B EE R
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025mm17 »
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AIEE Coblique group ) 15 T & JERBHERY =47 &
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FIEREEJTA - AR S A RS &S
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1.2 #EEX ( movement phases)
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1.3 {#%E&) ( micromotion)

MRPEParfitt4 (1960) ~ Sekine ZF A3
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1.4 RIS BEEEHFHRE (responses to
occlusal overload )

HIRBEARFmME @ KA S Y5
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2. EREAE B Rk (peri-implant
marginal bone loss )
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Herbert F. Wolf. Color Atlas of Dental Medicine:
Periodontology, 1985
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HRIEHTEFEEERALHED A H LN Z
BEE
2.1 TH B E BB 2R IK
22 THEEE R E L &
2.3 FHRE R Bl 18 A 5 2 Bl
2.4 B S B R R 2 B T

2.1 HREABEBRAZEFEER
T A 1 S [ e Ak I IR A > T
ERAA DU 26 - 7
1) AdelTF AI8/R19814F-E2H » fHRSTERE IS
R RS R A9 5E — 4 FTREIR 32 T A B T ke
=EFS
2) FlrPiEREIE; (surgical trauma )
3) fewsim B ARSI - il T oA T BeER

73

4) Cochran9fA19974FEeH - fHEE R T E
BIEma RN E SRR (biologic
width) - (A LEFFE RS

S) HH#EREME LA [F (implant surface
characteristics )

6) FE G SHES & e Bl R il - i e ISk
eSS

7) #HE1EE (bacterial invasion )

SCRK B - fEHEEANE & # (loading) EdE
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(overloading )~ i3 i J&] [ B AHARHI Bl 155 5
(micro-injury ) » AMERJREG T HEL - HhA]
REIE R E G HI L

22 {HRiEAEBEREZE

Goodacre ¢ A 104E 19994F 1Y (O] EHSE 3L TH T
130 SRR » S8 A R RSS2 Ry &= Y)
SRS A S B D =R B 28 e < ARBA TR - Horp
BAEHTE LR R ~ EEERE LA
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A04mmZE R 1.6mm » SEHEHEHEIE0.93
mm ; MEAS F 2% BEERAERN
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(Fig2) Jung 5¢ A 11152 Steri-Oss Bl 3IFH HERFE2E
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Table XXI. Bone loss over time

Type of Length of Mean loss Sulzsszcgznt
prosthesis  study(y) in lstyear(mm) year(mm)

Adell et al' IFCD 1-15 1.2 0.1
Adell et al”® IFCD 3 0.9 0.05
CZ(::;“d IECD 1-3 1.6 0.1
%u;g"e“ IECD 6 0.8 0.1
Naert et al'! 10D 0.3-4 0.75 0
J;ﬁ‘:s et 10D 1 0.4 N/A
Quirynen 1.0° 0.05-0.1"
et al®” o1 % 3.2+ N/A*
g‘;’;‘;‘e IEPD 2 0.4 0.1
Pylant

ei':l?z IEPD 2 15 0.1
Jijk;:iu IEPD 5 0.4 0.1
Lekhol

e:a130° m IEPD 5 0.4 0.12
Laney

ol ISC 3 N/A 0.1
Andersson™" 1SC 2-3 1.3 0.2

Mean of all studies 0.93 0.1

Goodacre et al. The Journal of Prosthetic Dentistry, Volume
81, Issue 5, May 1999, Pages

FImmZ H] - TR BAYR Bk &%
R2mm ; fHWY » IREFF 29N AR B S IR
BRSO - B AR N BRI
(bone gain) HIERZR - (Fig.3)
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13219925 - f2 Y - 8B SR S R e r T -
BT R FE B VG Y PEEERE © Spiekermann 5§
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Table XXII. Change in marginal bone level over time

%Patients with marginal bone change

Bone loss No change Bone gain
Study length(y) >2mm 12mm  0.6-1.0mm 0.1-0.Smm Omm >0mm
Van Steenberghe et al™ 0-1 2.0 9.5 20.0 26.5 27.0 15.0
Henry et al*" 1-3 0.4 4.4 10.4 25.0 25.8 34.0
Oy el 0-1 0.5 5.8 41.5 299 20.5 1.8
FCD}(’n d'bl, ) 1-2 1.5 2.1 5.0 23.4 55.3 12.7
HELIEHR 2-3 0 2.0 5.9 25.5 49.0 17.6
Quirynen et al,** 0-1 4.5 20.1 23.5 24.0 22.3 5.6
- CDY( ) 12 0 3.9 6.8 25.7 37.1 26.5
maxita 2-3" 3.4 13.7 5.2 6.9 31.0 37.8

EEU;}EU% 1.10mm ™ 1.24mm 2 1.44mm ° {Z%E
ot e HE A 0 AR A - HAE S S [
BRI -

Ky T g6 AE HE A BB 2R R A T
T A e SR B R LA RE 52 T - DU GRRE &
#k o Misch B Bidez (1994)76 ZERH " fRFEM
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i
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