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New maxillary anterior ridge classification according to
ideal implant restorative position determined by CAT
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[. INTRODUCTION

When considering the various modalities
of treatment for the prosthetic replacement
of teeth following tooth loss, the end goal
of therapy is to provide a functional restora-
tion that is in harmony with the adjacent
natural dentition. To achieve this goal of
therapy, it is desirable to provide treatment
that will aim at preservation of the natural
tissue contours in preparation for the pro-
posed implant prosthesis®.

Implant therapy in the anterior maxilla is
challenging for the clinician because of the
esthetic demands of patients and difficult
pre-existing anatomy. In this area of the

mouth, the clinician is often confronted with

tissue deficiencies caused by various conditions.
These conditions can be divided into 2 cate-
gories: anatomic and pathologic (Table 1)”.

Several published reports classified ridge
defects to help plan the treatment regimen
Seibert classified

ridge deformities into three broad categories.

for clinical correction.
A class I defect has bucco-lingual loss of
tissue with normal ridge height in an api-
co-coronal direction. A class II defect has
apico-coronal loss of tissue with normal
ridge width in a bucco-lingual direction. A
class IIT defect has a combination bucco-lin-
gual and apico-coronal loss of tissue result-
ing in loss of height and width”. Allen et
al. proposed 3 different types of ridge de-
formities and also further described the ridge
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Table 1. Clinical conditions presenting tissue deficiencies in the anterior maxilla

Etiology Conditions Remarks
. Narrow alveolar crest and/or facial ] o
Anatomic Congenitally missing teeth
undercut of alveolar process
Dental trauma Tooth avulsion with fracture of the facial bone plate
. . Root ankylosis with infraocclusion, root resorption,
Post traumatic conditions
) root fractures
Pathologic - - — - -
L . Periodontal disease, periapical lesions, endo/perio
Acute or chronic infections .
lesions
Disuse bone atrophy Long-standing tooth loss

deformity by assessing the depth of the de-
fect relative to the adjacent ridge”. Recently,
Wang and Al-Shammari described a new
system, HVC classification, which is a mod-
ification of Seibert’s classification”. These H
(horizontal), V (vertical), and C (combination)
defects were subdivided into S (small), M
(medium), and L (large) subcategories. They
also described treatment options based on
this HVC classification.

The advent and widespread use of dental
implants mandated careful evaluation of
available bony ridge volume and dimensions.
Lekholm and Zarb’s classification includes
five stages of bone resorption, from minimal

6
to severe ).

Misch and Judy’s classification
describes four divisions of available bone
with treatment options based on the amount
of available bone height, width, and angula-
). Tinti and Parma-Benfenati introduced

a clinical

tion’
classification of bone defects.
They focused on the “envelope of bone”, or
likelihood of the remaining bone housing
protecting the organized blood clot. They as-

sumed that the envelope of bone will direct
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the treatment methods and be a significant
factor in determining the prognosis for fu-
ture site development to place implants.
They categorized “the envelope of bone” in-
to five categories: extraction wounds, fenes-
trations, dehiscences, horizontal ridge defi-
ciencies, and vertical ridge deficiencies®.
They also proposed treatment based on this
classification.

To date, no published report has classified
ridge deformities according to the position of
the projected implant restoration. Currently,
3-dimensional radiographic images are avail-
able to evaluate hard tissue and to plan im-
plant placement prior to surgery. Clinicians
must focus on the 3D bone-to-implant rela-
tionship to establish the basis for an ideal
and harmonic soft tissue situation that is sta-
ble over a long period. Furthermore, many
authors discussed the importance of at least
2 mm of facial plate thickness™'”. When the
facial plate is less than this critical thick-
ness, the clinician may expect frequent and
greater loss of vertical height of the facial

plate.



The purpose of present study was to clas-
sify ridge deformities utilizing Computerized
Axial (CAT)

based on the ideal implant restorative posi-

Tomographic scan images

tion as determined by implant simulation.

II. MATERIALS AND METHODS

Clinical and CAT-scan data in this study
were obtained from the Implant Dentistry
Database (IDD) established at the Department
of Periodontology and Implant Dentistry at
New York University College of Dentistry
(NYUCD). This data set was extracted as
de-identified information from the routine
treatment of patients. The IDD was certified
by the Office of Quality Assurance at
NYUCD. This study is in compliance with
the Health Insurance Portability
Accountability Act requirements.

and

1. CAT—scans selection

CAT-scans were selected with the follow-
ing criteria. One thousand and five hundred
CAT-scans were screened. Fifty five cases
satisfied the selection criteria. In these 55
subjects, 144 implant sites were evaluated.

® Only maxillary anterior missing teeth

were included.

® At least two consecutive missing teeth

were required.

¢ Images had to show at least one remain-

ing anterior tooth, which was used as a
guide for angulation.

¢ Radiographic templates used during tak-
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ing of the CAT-scan were a prerequisite
for this study.

® Unclear CAT-scan images were excluded
from this study.

2. Characteristics of the
measurements

All the measurements were performed and
documented using CAT-scan software (Simplant
8.0, Materialise, Glen Burnie, MD, USA). In
all CAT-scan images, one 3.25x10 mm par-
allel side simulated implant was positioned
for every single edentulous area. Every si-
mulated implant was placed in the ideal
tooth position according to following proto-
col and without regard to the bone anatomy.

The implants were placed according to the
tooth position outlined by the radiographic
template. In the mesio-distal direction, the
implants were placed according to the ad-
jacent existing tooth position. In the buc-
the
placed using the adjacent existing toothftecth

co-lingual direction, implants were
and the tooth position outlined by the radio-
graphic template allowing a variation of long
axis ending either in the incisal edges or the
cingulum. In the apico-coronal direction, the
implants were placed 3 mm below the buc-
cal cemento-enamel junction (CEJ) of the
tooth position outlined by the radiographic

template.

[II. RESULTS

A new proposed classification system was



Table 2. Proposed new classification system of ridge deformities

Class Explanation
The implant is completely surrounded by bone.

I-A No dehiscence or fenestration present.
= 2 mm of facial plate of thickness.
The implant is completely surrounded by bone.

1-B No dehiscence or fenestration present.
< 2 mm of facial plate of thickness.

A Dehiscences are detected but no fenestrations are present.
Only buccal or palatal dehiscence is present.

1B Dehiscences are detected but no fenestrations are present.
Both buccal and palatal dehiscences are present.

1A Fenestrations are detected but no dehiscence is present.
Only buccal or palatal fenestration is present.

1-B Fenestrations are detected but no dehiscence is present.
both buccal and palatal fenestrations are present.

v Both dehiscences and fenestrations are present.

categorized into seven classes from the re-
sults (Table 2).

When the implant was completely sur-
rounded by bone without any dehiscence or
fenestration, it was defined Class I. In case
of Class I, when there was more than 2 mm
of facial plate, it was categorized Class I-A.
On the other hand, when there was less than
2 mm of that, it was designated Class I-B

(Figure 1).

Figure 1. Irﬁplon’rs were surrounded by bone, Figure 2. Dehiscence was detected but no

no dehiscence and no fenestrations (Class 1.
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When dehiscences were detected without
any fenestrations, it was defined Class II
Class II-A was designated when only buccal
or palatal dehiscence was present (Figure 2).
When both buccal and palatal dehiscences,
however, were present, it was categorized
Class II-B (Figure 3). When fenestrations
were detected without any dehiscence, it was
defined Class III. Class III-A and Class

III-B were defined same as the classification

fenestrations, only buccal or
dehiscence was noticed (Class 1I-A).

palatal



a—

-—

fenestrations, both  buccal
taldehiscence was noficed (Class 11-B).

were detected (Class V).

of Class II-A and Class II-B (Figure 4).
Class IV was defined when both dehiscences
and fenestrations were present (Figure 5).
All 144 implants were shown as followed;
30.6 % of them was classified Class IV as
the highest. The rest of them were shown in
order of Class II-A, Class I-A, Class II-B,

Figure 5. Both dehiscence and fenestrations

Figure 3. Dehiscence was detected but no Figure 4. Fenestrations were detected but no
and pdadla-

dehiscence (Class HI).

Class I-B and Class III as 20.8 %, 194 %,
125 %, 104 % and 6.3 %, respectively
(Table 3). Class IV was the highest in that
ridge deformities were detected in their first
medical examinations, so that the computer

scanning was requested.

IV. DISCUSSION

The ultimate goal of implant treatment is
to surgically place implants in the most de-
sirable position compatible with esthetics,
phonetics, and function. Identification of the
“optimal final tooth position” allows the re-
storative dentist and surgeon to analyze the
impact of pathologic alterations and to de-

termine if soft or hard tissues need to be re-

Table 3. Distribution of ridge deformities of 144 CAT images

Class Number Rate (%)
I-A 28 194
I-B 15 10.4
1-A 30 20.8
11-B 18 125
" 9 6.3
v 44 30.6
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constructed to maximize function and es-
thetics'”. The esthetic replacement of ante-
rior teeth is a difficult challenge, especially
in the maxillary arch. This situation can be
further complicated by the presence of a
ridge deformity. These anatomic defects may
seriously compromise the esthetics of the fi-
nal restoration. The defect should be care-
fully examined and classified before any at-
tempt at restoration. The treatment modality
used will depend to a great extent upon the
type of deformity'”.

Alveolar ridge defects and deformities can be
the results of trauma, periodontal disease, surgi-
cal treatment or congenital maldevelopment.
Resorption after tooth loss has been shown
to follow a certain pattern: the labial site of
alveolar crest is primarily resorbed, which
first reduces width and the
height*"®. Atwood described six residual al-

veolar ridge stages after tooth extraction,

its later

ranging from initial to severe ridge
resorption. Longitudinal cephalometric studies
have provided excellent visualization of the
gross patterns of the bone loss'.

Alveolar bone is resorbed after tooth ex-
traction or avulsion most rapidly during the
first years. Extraction of anterior maxillary
teeth is associated with a progressive loss of
bone mainly from the labial side’®. The loss
is estimated to be 40~60 % during the first
3 years and decreases to 0.25~0.5 % annual
loss thereafter'”. The cause for resorption of
alveolar bone has been assumed to be due
to disuse atrophy, decreased blood supply,

localized inflammation or prosthesis pres-
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18)
sure .

The osseous topography of the anterior
sextants, and their relation in space relative
to the cranium, plays a leading role in shap-
ing dentofacial aesthetics. In health, the al-
veolus in these regions not only serves as
the foundation for the natural dentition and
associated gingival tissues but is also re-
sponsible for supporting the lips as well as
directly affecting the facial profile.

Much more prevalent in everyday practice
are patients with normal skeletal pattern who
have lost a substantial degree of their origi-
nal osseous dimensions due to tooth loss or
trauma. Reconstructing any resulting aes-
thetic deficiencies through purely prosthetic
means often proves impossible or, at best,
inadequate for patients with high smile lines
and those demanding a fixed restorative
option. If the fixed restoration is to be im-
plant supported, reconstructing the deformed
osseous ridge may be necessary to allow for
functionally and esthetically oriented place-
ment of the implants.

The minimal requirements for predictable
success in implant therapy include an eden-
tulous ridge that manifests an osseous di-
mension capable of fully housing the diame-
ter of the fixture buttressed by Imm of
bone bucally and lingually. Although gin-
gival augmentation procedures are capable of
significantly enhancing soft tissue ridge pro-
files for conventional pontics in fixed prostho-
dontics, they are ineffective in preparing defi-
cient osseous ridges for implant placement. If

the potential implant receptor sites are thus



compromised, alternative osseous augmenta-
tion techniques need to be used.

Soft and hard tissue ridge deformities are
prevalent in areas of tooth loss and trauma
and significantly compromise aesthetics
outcomes. Only a full understanding of the
severity of the dimensional defects, the sur-
gical techniques available and the aesthetic
and functional needs of the final implant or
fixed prosthetic restoration will allow the
design of a treatment approach that will
achieve the desired outcome'?.

Pre-operative estimation of the width and
height of alveolar bone before implantation
is important. Computerized tomography (CT)
scans have been used in estimating bone
quality and quantity before implantation and
the gain of new bone in sinus floor augmen-
tations as well as in integration of interposi-
tional bone grafts. The analysis requires
multiple thin axial CT slices through the
jaws. The data obtained is reformatted with
special software packages to produce cross-
sectional and panoramic views’”.

To achieve a long-lasting, ideal esthetic
result with implants, in light of circum-
ferential bone resorption that usually occurs
as part of the healing response around the
implant head, the thickness of the bone on
the buccal side of an implant should be at

least 2 mm'®

. Having a facial bone wall of
sufficient height and thickness is important
for long-term stability of harmonious gin-
gival margins around implants and adjacent
teeth. Attempts to place implants in sites

with facial bone defects in the absence of
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reconstruction will frequently result in soft
tissue recession, potentially exposing implant
collars and leading to loss of the harmo-
nious gingival margin.

Deficient alveolar crest width and /or fa-
cial bone atrophy require a bone augmenta-
tion procedure so that the implant can be
positioned in a correct orofacial position.
Depending on the extent and morphology of
the bone defect, a simultancous or staged
approach is necessary. Clinical sounding and
sophisticated radiographic techniques such as
conventional tomograms, dental computerized
tomograms (CTs) or volume CTs can assist
in diagnosing deficiencies in this dimension”.

The
ployed to reconstruct these different ridge

bone augmentation technique em-

defects is dependent on the horizontal and
vertical extent of the defect. The predict-
ability of the corrective reconstructive proce-
dures is influenced by the span of the eden-
tulous ridge and the amount of attachment
teeth;
constructive procedures are less favorable in
defects that exhibit horizontal and vertical

on the neighboring typically, re-

components. The extent of the anticipated
bone resorption varies between the mandible
and maxilla and at sites within the arches™.

Using the proposed new classification sys-
tem, ridge classification of the bone defects
may be identified and complications avoided
due to more accurate treatment planning of
implant size and position. The relationship
between the adjacent teeth and bone can al-
so be observed by utilizing the radiographic

template, which was worn by the patient



when taking the CAT-scan.
The advantages of this
Oriented Classification System (IOCS) in-

new Implant
clude: 1) more accurate evaluation of the
clinical situation prior to surgery to de-
termine treatment options. 2) the ability to
evaluate the need for hard tissue augmenta-
tion and simulate the necessary augmentation
prior to surgery. 3) allowing selection of ap-
propriate implant type and size before
surgery. 4) using the radiographic template
as a surgical guide. 5) ability to communi-
cate with restorative dentists and patients
concerning treatment procedures and the ex-
pected outcomes.

A 3.25x10 mm implant was selected as a
guide implant for the new IOCS because,
according to the literature, this is the small-
est permanent implant with a high success
rate”*”. This study indicated that narrow-di-
ameter implants used in the anterior region
of the maxilla as support for single-tooth re-
placements show results that are comparable
to standard-diameter implants placed the
same region™. The reason for the use of the
smallest permanent implant in this study was
to avoid any ridge augmentation procedures.
A variety of successful grafting techniques
have been developed, but they often require
multiple surgical procedures and prolonged
healing time.

Evaluation of a residual ridge deformity
begins with the determination of the optimal
final tooth position. An assessment of ridge
alteration can only be made by completing a

clinically tested diagnostic wax-up in which
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the parameters of tooth size and coronal
form have been established. Implant diag-
nostic methods using computed tomography
with barium-coated templates have revealed
the relationship between the optimal final
tooth position and the residual alveolar proc-
ess or ridge. This information can assist the
implant team in the development of realistic
treatment objectives and in more accurately
addressing the needs and concerns of the pa-
tient during presurgical treatment planning'".

The ideal implant position in this study
was based on the radiographic template. The
simulated implants were placed 3 mm below
the ideal CEJ as a determined from the
wax-up and radiographic template in order
to provide enough apicocoronal room for es-
thetic prosthetic replacement®.

The results reported in the present study
revealed that 29.8 % of the deformities were
classified as Class I. Almost 66 % of Class
I deformities were classified as Class I-A.
The remaining 34 % of the Class I defects
would require some form of bone augmenta-
tion procedure for a successful long term
prognosis. On the other hand 30 % of the
deformities were classified as Class IV ac-
cording to the CAT-scan simulation. This
high number of Class IV deformities may
be due to the fact that when these patients
were evaluated at the time of intra-oral ex-
amination the treating clinician noting the
ridge defect subsequently sent the patient for
Nevertheless, these
findings indicate that a significant number of

CAT-scan evaluation.

implant cases would require ridge augmenta-



tion for implant placement or a modification
in the treatment plan which may preclude
the use of an implant in these sites.
According to our IDD CAT-scan data,
81% (116 of the total 144) of the implant
sites and 92.7% (51 of 55) of the cases
studied were identified as requiring grafting
procedures. This may be due to the pre-ex-
isting anatomy and ridge resorption pattern
in the maxillary anterior area'**?, However,
deformities in the anterior part of the max-
illa may be related to the tooth biotype, ge-
netic disorders, trauma, iatrogenic damage of
the bone, or other reasons independent of
the maxillary resorption. The limited number
of cases present in our study that did not
require graft procedures with the 3.25 mm
diameter template may be of importance for
clinicians placing implants in the maxillary
anterior area. Moreover, the use of conven-
tional diameter implants would have resulted
in a greater number of ridge defects and
complications than that reported in the pres-
ent study population. In addition this may
have increased the number of patients with
more advanced classifications of deformities.
Based on the number of ridge deformity
complications documented in the present
study, a knowledge and training in proce-
dures for ridge augmentation may be neces-
sary for clinicians to obtain predictable re-

sults and manage surgical complications.

V. SUMMARY

This study proposed a new classification

393

system for maxillary anterior alveolar ridge
deformities based on CAT-scan implant sim-
ulation as a useful concept in order to more
precisely predict treatment outcomes and the
necessity for ridge augmentation prior to im-
plant placement. The results indicate that a
high number of cases in the maxillary ante-
rior area would require augmentation proce-
dures in order to achieve ideal implant

placement and restoration.
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