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Objectives: This article proposes a classification system for full-arch implant rehabilitation 

options, taking into account the patient's individual bone resorption pattern.

Methods: Five levels of jaw atrophy were established according to the available therapeutic 

bone height and width in the anterior and posterior jaw, based on the evaluation of 150 

consecutive edentulous maxillae and 150 consecutive edentulous mandibles by cone-beam 

computed tomography.

Classification proposal:  Fixed full-arch and removable rehabilitation schemes were proposed 

for each level. Implant number, location, position, design and the need for regenerative 

procedures were defined according to clinical information and available evidence-based 

rationale

Conclusions: The illustrated rehabilitation scheme aims to aid clinicians during treatment 

planning and to underline a pyramidal complexity hierarchy of the different classes, 

from simple to complex. Besides being helpful for treatment planning, this classification 

also optimizes communication between clinicians and patients. (Rev Port Estomatol Med 

Dent Cir Maxilofac. 2019;60(4):175-188)
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r e s u m o

Uma classificação abrangente para reabilitação total sobre implantes

Palavras-chave:

Classificação

Avaliação clínica

Diagnóstico

Reabilitação total

Resultados centrados no paciente

Objetivos: Este artigo propõe um sistema de classificação das opções de reabilitação total 

sobre implantes, tendo em conta o padrão de reabsorção ósseo individual do doente.

Métodos: Através da análise e avaliação radiográfica (Cone Beam Computed Tomography) de 

150 maxilas e 150 mandibulas edêntulas de forma consecutiva, foram descritos cinco níveis 

de atrofia dos maxilares de acordo com a disponibilidade óssea a nível de altura e largura 

nas regiões anteriores e posteriores

Proposta de classificação: Foram propostos esquemas de reabilitação fixa e de reabilitação 

removível para cada nível. De acordo com a informação clínica e a evidência científica dis-

ponível foram definidos os seguintes parâmetros: número, localização, posição e desenho 

dos implantes e a necessidade de procedimentos regenerativos.

Conclusões: Os esquemas de reabilitação ilustrados têm como propósito auxiliar os clínicos 

durante o planeamento baseando-se numa pirâmide hierárquica das diferentes classes, do 

mais simples ao mais complexo. Além da sua utilidade, esta classificação também visa 

otimizar a comunicação entre clínicos e pacientes. (Rev Port Estomatol Med Dent Cir Maxi-

lofac. 2019;60(4):175-188)
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Introduction

Complete edentulism is still a global health problem. Availa-
ble data collected worldwide report a wide variation of the 
prevalence of edentulism, equating up to 70% in population 
groups aged 60 years old or over.1 Some epidemiological stud-
ies highlight a decrease in prevalence in developed countries 
due to preventive oral health measures.2 However, the in-
crease in life expectancy seems to balance this tendency and 
promote the need for treatment.3

An implant-supported full-arch rehabilitation, either fixed 
or removable, represents a highly predictable treatment for 
edentulous patients to recover masticatory function, aesthet-
ics and psychological well-being.4,5 Patient-related outcome 
measures evaluated through oral health-related quality of life 
(OHRQol) parameters, patient satisfaction and patient prefer-
ence, serve to confirm these prosthodontic needs.6,7 Several 
prospective studies8-12 and, recently, randomized clinical tri-
als13,14 and systematic reviews,15 after evaluation at the im-
plant and prosthesis levels, have described high survival and 
success rates associated with these types of rehabilitations 
either in immediate, early or conventional loading protocols.

From the clinician’s perspective and according to the SAC 
Classification proposed by ITI, surgical and prosthodontic con-
siderations for a fixed full-arch rehabilitation fall within Ad-
vanced and Complex procedures.16 Several factors determine 
these levels of difficulty. A variable bone resorption pattern 
associated with different levels of atrophy, the proximity to 
anatomical landmarks or patient risk factors require accurate 
planning and a highly skilled surgeon.17 Several classical an-
atomical classifications have been proposed to help diagnose 
resorption patterns in edentulous jaws.17-19 Although those 
classifications express the type and profile of the alveolar 

ridge in different levels of atrophy, they do not suggest any 
prosthodontic rehatbilitation options for each level.

Some classification systems have been proposed to guide 
clinicians and provide a basis for diagnostic and treatment pro-
cedures for full-arch implant rehabilitations and simplify com-
munication between patients, colleagues and technicians.20,21 
However, there is still a need for a classification system that 
simultaneously takes into consideration the jaw anatomy and 
resorption pattern, the implant placement site, the surgical 
technique and the prosthodontic rehabilitation scheme.22,23

The classification system proposed in this manuscript con-
siders the patient’s clinical information as the cornerstone of 
the therapeutic decision-making process. Medical factors, ex-
pectations, biomechanics and prosthodontic design should be 
the primary starting point from which this process begins. This 
unique information is crucial for adjusting and optimizing the 
implant-prosthodontic scheme decision. The classification sys-
tem proposed follows this principle and is the result of twen-
ty-four years of clinical experience in full-arch implant surgery 
and prosthodontics by the author. This period was characterized 
by more than 3500 edentulous arches rehabilitated at the au-
thor’s clinical center. To complement this specialist proposal 
and provide clinicians with predictable clinical options for each 
category from Maxilla and Mandible Class I to Class V, this tool 
for aiding decisions also integrates the best available evidence 
to support the prosthodontic options suggested for each class.

Classification Proposal

A complete anamnesis should collect and emphasize pa-
tient-related factors. General systemic health, soft-tissue 
conditions, type of the opposing jaw, oral hygiene, parafunc-
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tional habits (bruxism and clenching), patient expectations 
and financial situation represent some of the deciding factors 
that justify the therapeutic options proposed for each class.

Based on a prosthodontic-driven implant placement ap-
proach, a properly designed prosthesis should always be ob-
tained prior to the surgical appointment. The aesthetic analysis 
should be ruled by facial, dentolabial and tooth-related factors.24 
Aspects such as vertical occlusal dimension assessment, appro-
priate upper lip support, smile line and phonetics should be 
integrated into a mutually protected occlusion in fixed full-arch 
prostheses or a bilateral balanced occlusion in overdentures.

The current tendency toward minimally invasive surgical 
procedures, thus decreasing patient morbidity, has been taken 
into account, since graftless full-arch implant rehabilitation is 
proposed in each class whenever possible.7 In cases of severe 
bone resorption, compromised lip support or local bone de-
fects, horizontal or vertical bone augmentation are proposed 
to provide a more predictable treatment option.25

Similarly, and aiming for higher patient satisfaction, an 
immediate loading protocol should be applied in Carames 
Classification (CC) classes where an implant primary stability 
> 30 N.cm should be obtained.5,26,27 In compromised patients, 
particularly in the maxilla, with one or more risk factors such 
as smoking, diabetes, bruxism, periodontal disease or severe 
bone atrophy, a conventional loading protocol is preferred.28

Preoperative cross-sectional image acquisition of the eden-
tulous arch anatomy and implant site should be obtained us-
ing a cone-beam computed tomography (CBCT) scan. This 

prerequisite is in accordance with the EAO guidelines for the 
use of diagnostic imaging in Implant Dentistry and the 5th rec-
ommendation of the American Academy of Oral and Maxillo-
facial Radiology’s position statement on selection criteria for 
the use of radiology in Implant Dentistry.29,30

The five classes (CCI-CCV) proposed for each edentulous jaw 
express the different levels of bone atrophy and therapeutic 
bone height and width most usually found among edentulous 
patients. Two fixed (Options A and B) and one removable (Option 
C) full-arch schemes, taking into consideration implant number, 
distribution, position and eventual grafting procedures, are pro-
posed for each Maxilla (Figure 1) and Mandible (Figure 2) CC 
Class. The three rehabilitation options proposed are merely in-
dicative and equally valid. Deciding factors complement the 
possible reasons for the treatment choice within each CC Class.

Either four, six or eight implants are proposed for fixed 
full-arch rehabilitation and a minimum of two and a maxi-
mum of four implants are considered for removable full-arch 
rehabilitation. Odd numbers of implants are avoided and only 
used in compromised clinical situations. The illustrated 
schemes are based on a symmetric and homogenous resorp-
tion pattern of the maxilla and mandible. In cases where an 
asymmetric resorption pattern is observed, left and right sides 
should be classified independently.

Anatomical classification measurements
The planning guidelines of this system consider a standard 
4.1-mm diameter implant, but, in compromised cases, small-

Figure 1. Bone atrophy classification of the maxilla, and associated therapy options, according to Carames Classification
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er or wider diameter implants can be used. In order to avoid 
facial bone resorption and soft-tissue recession, implant po-
sitioning should ensure, whenever possible, a critical buccal 
plate width equivalent to 2 mm.31,32 Thus, the minimum 
width when placing a standard implant is 6 mm or more. 
Atrophic ridges frequently have a narrow and knife-edge 
shape. For treatment planning, the therapeutic availability of 
the crest is vertically and horizontally measured in millime-
ters (mm) by a built-in digital ruler in the CBCT software (Fig-

ure 3). The vertical measurement only considers the most 
coronal part of the crest with a >6-mm width. Depending on 
the vertical and horizontal level of atrophy, we can consider 
that the crest either has available bone or moderate, advanced 
or severe bone resorption (Figure 4).

In the maxillae, the measurements are made in five posi-
tions: in the anterior region, at the midline and at the point of 
confluence between the anterior wall of the sinus and the na-
sal cavity on each side. The height is measured from the >6-
mm width crestal level to the inferior border of the nasal cav-
ity or the point of confluence between the anterior wall of the 

Figure 2. Bone atrophy classification of the mandible, and associated therapy options, according to Carames Classification

Figure 3. Vertical and horizontal measurements of the 
therapeutic availability of the crest in both jaws

Figure 4. Bone atrophy scheme according to available 
bone in anterior and posterior areas
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sinus and the nasal cavity. In the posterior region, the first 
molar position is considered. The height is measured from the 
>6-mm width level of the alveolar ridge to the inferior wall of 
the maxillary sinus. 

In the mandible, the measurements are also made in five 
positions: in the anterior region, at the midline and on each 
side of the mandible at 4 mm anterior to the position of the 
mental foramen. The height is measured from the >6-mm 
width crestal level to the inferior border of the mandible. In 
the posterior region, the first molar position is considered. The 
posterior therapeutic bone height is measured as the distance 
from the >6-mm width bone crest level to a 2-mm safe dis-
tance to the mandibular canal.

The therapeutic height and width values suggested for 
each CC class are based on experience and the result of a con-
secutive preoperative CBCT analysis of 150 edentulous maxil-
lae and 150 edentulous mandibles performed by the author 
(Table 1).

Carames Classification (CC) classes description, therapeutic op-
tions and deciding factors

Maxilla CC I
Anterior – Available bone (height >16 mm; width >6 mm)
Posterior – Available bone (height >12 mm; width >6 mm)
In the anterior region of the maxillae, the height measured 
from the >6-mm width crestal level to the inferior border of 
the nasal cavity is >16 mm. In the posterior region, the height 
from the alveolar ridge to the inferior wall of the maxillary 
sinus is at least 12 mm.

therapeutic options
The available bone in the anterior and posterior regions al-
lows for the placement of axial or straight implants.

Option A – Placement of six straight equidistant implants. 
The four anterior implants are placed between the anterior 
walls of the maxillary sinuses. Their entry points are the lat-
eral incisors and first premolars positions. The two posterior 

implants are placed in the first molar position. In case of op-
posing natural dentition with a functional second molar, the 
posterior implants should be placed in a way that enables 
function, preferably without a cantilever. A fixed cross-arch 
prosthesis without a distal cantilever is proposed (Figure 5).
Option B – Placement of four equidistant straight implants. 
The two anterior implants should be placed at the canine po-
sition and the two posterior implants at the first molar posi-
tion. A fixed cross-arch prosthesis without a distal cantilever 
is proposed.
Option C – Placement of a full-arch removable prosthesis. An 
overdenture supported by four non-splinted implants is 
placed in the anterior region of the maxilla in the lateral inci-
sor and first premolar positions.

deciding factor
The main deciding factor for choosing Option A or B is the 
arch size. Short edentulous arches and, therefore, a small 
surgical space available between first molar positions sug-
gest Option B. Based on the author’s clinical experience, this 
option is less prevalent. However, in cases weighting other 
biomechanical factors such as the presence of natural teeth 
in the opposing arch or parafunctional habits, Option A 
should be selected.

Option C (CCI, CCII and CCIII) is specifically indicated in 
patients with any cognitive or physical impairment. An eden-
tulous older adult who needs daily assistance or has some 
degree of dependence could be a candidate for this therapeu-
tic option, as it offers a favorable condition and maintenance 
of oral hygiene. Medical or economic factors and reduced pa-
tient compliance, which require minimally invasive surgical 
interventions and the lowest possible number of rehabilitation 
appointments, can also justify this option.2

Maxilla CCII
Anterior – available bone: height >16 mm; width >6 mm
Posterior – moderate resorption: height >8 mm and <12 mm; 
width >6 mm
In the anterior region, the height measured from the osteoto-
my level, with a >6-mm crestal width, to the inferior border of 
the nasal cavity is >16 mm. In the posterior region, moderate 
posterior bone resorption is found. The bone height measured 
from the alveolar ridge with a >6-mm crestal width to the 
inferior wall of the maxillary sinus is >8 mm and <12 mm.

Figure 5. Example of Maxilla CC Class I, Option A and 
Mandible CC Class IV, Option A

Table 1. Prevalence according to the proposed classes of 
bone atrophy for both jaws. Retrospective analysis of 
150 consecutive cases of maxillary and 150 consecutive 
of mandibular edentulous patients.

Maxilla

Class

Mandible

Number
of cases

Percentage
of cases

Percentage 
of cases

Number
of cases

5   3.3% I 12.0% 18

18 12.0% II 26.7% 40

35 23.4% III 34.0% 51

51 34.2% IV 18.7% 28

41 27.1% V   8.7% 13

150 100 Total 100 150
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therapeutic options
Due to moderate posterior bone resorption and a slight prom-
inence of the maxillary sinus anterior wall, either a straight or 
a distally tilted implant could be considered in the fixed full-
arch rehabilitation schemes.

Option A – Placement of six straight equidistant implants. 
Four implants are placed in the area limited by the anterior 
wall of the sinus, in the lateral incisor and first premolar po-
sitions. Two shorter implants are placed in the posterior re-
gion in the first molar position.
Option B – Placement of four straight implants in the region 
limited by the anterior wall of the maxillary sinus, in the lat-
eral incisor and first premolar positions. The posterior im-
plants with the same length are tilted at a 17°- angle follow-
ing the slope of the anterior wall maxillary sinus. The 
implant’s entry point is the first molar position with its apex 
in the second premolar position.
Option C – Similar to the Option C of the CCI Class.
deciding factor
The main deciding factor for choosing Option A or B is the 
arch extension size, the maxillary sinus geometry and par-
ticularly poor bone quality. To avoid cantilever extensions, 
the posterior implant is placed in the molar position and, as 
this location has moderate resorption (height >8 mm and 
<12 mm; width >6 mm), a tilted implant can be placed to 
reach bone of better quality, instead of placing a shorter im-
plant in a compromised bone.33,34 In larger edentulous arch-
es with a more pneumatized maxillary sinus and compro-
mised posterior bone quality, Option B would be preferable. 
In Option B, there is an increased A/P spread distance and, 
thus, a reduction in the cantilever length extension in cases 
where the natural opposing arch extends to the second mo-
lar position.

Maxilla CCIII
Anterior – moderate resorption: (height >12 mm and <16 mm; 
width >6 mm)
Posterior – advanced resorption: (height >4 mm and <8 mm; 
width >6 mm)
Moderate bone resorption is observed in the anterior region. 
The bone height measured from the osteotomy level, with a 
>6-mm crestal width, to the inferior border of the nasal cavity 

is >12 mm and <16 mm. The posterior region is characterized 
by advanced bone resorption. The bone height measured 
from the alveolar ridge with a >6-mm crestal width to the 
inferior wall of the maxillary sinus is >4 mm and <8 mm.

therapeutic options
The inter-antral distance and the available bone height are 
less favorable in this type of maxillae. The residual posterior 
bone height determines two types of fixed full-arch rehabili-
tation schemes.

Option A – Placement of six implants in the maxilla. Two 
straight implants are placed in the lateral incisors position, 
two distally tilted implants in the premolar position and two 
short implants (> 4 mm and < 8 mm) in the posterior region in 
the molar position, allowing second molar occlusion without 
cantilevers (Figure 6).
Option B – Placement of four implants in the region limited by 
the anterior wall of the maxillary sinus. Taking into account 
the variable slope of the anterior maxillary sinus wall, the dis-
tally placed implants should tilt at an angle of 17-30°. These 
implants usually emerge at the second premolar and are 
guided by the anterior maxillary sinus wall. An extended 14-
mm cantilever reaching a first molar occlusion can be expect-
ed in the full-arch rehabilitation (Figure 7).
Option C – Placement of a full-arch overdenture supported by 
four implants. Since the inter-antral distance is limited, the 
mesiodistal space between the implants is short. The implants’ 
entry points are in the central incisors and canine positions.
deciding factor
The deciding factors for choosing Option A or B are the eden-
tulous arch extension and the posterior bone quality. In larger 
edentulous arches, Option A might be preferable. Placing a 
short posterior implant increases the A/P spread distance. 
Distal cantilever extension is short or absent and might be 
considered in patients with natural opposing arch with a sec-
ond molar occlusion, patients with parafunctional habits or 
when low bone density is found in the posterior maxillae. Op-
tion B can be considered when the posterior bone quality 
does not allow placing a short implant, when grafting proce-
dures should be avoided or if a second molar occlusion is un-
necessary and the four implants are positioned to assure a 
stable fixed full-arch rehabilitation.35,36

Figure 6. Example of Maxilla CC Class III, Option A and 
Mandible CC Class III, Option A

Figure 7. Example of Maxilla CC Class III, Option B and 
Mandible CC Class III, Option B
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Maxilla CCIV
Anterior – advanced resorption: height >8 mm and <12 mm; 
width >6 mm
Posterior – severe resorption: height <4 mm or width <6 mm
Advanced bone resorption is seen in the anterior region. The 
bone height measured from the osteotomy level, with a >6-
mm crestal width, to the inferior border of the nasal cavity is 
>8 mm and <12 mm. The posterior region is characterized by 
severe bone resorption. The bone height measured from the 
alveolar ridge, with a <6-mm crestal width, to the inferior wall 
of the maxillary sinus is <4 mm.

therapeutic options
In this class, the severe posterior bone resorption (<4 mm) 
and the maxillary sinus extension prevent implant place-
ment in the area without a sinus lift technique. Therefore, two 
surgical protocols are suggested for a fixed full-arch rehabili-
tation with either a grafting or a graftless approach.

Option A – Placement of six implants. Four implants are 
placed in the anterior region of the maxilla. The two posteri-
or implants are placed simultaneously with a bilateral sinus 
elevation procedure. Taking into consideration the reduced 
anterior bone height, only two anterior implants can be 
placed straight in the lateral incisors position, whereas the 
other two if necessary can be tilted (17-30º) to contour a pro-
eminent anterior wall of the maxillary sinus, allowing a for 
an implant with a more frequent entry point in the first pre-
molar position. (Figure 8).

Option B – Placement of six implants with the same protocol 
as Option A for the anterior region of the maxilla. In the pos-
terior region, two pterygoid or tuberosity implants are placed 
with an average angulation of 70.º to the occlusal plane. These 
two implants are usually longer (15-20mm). They pass 
through the maxillary tuberosity, the pyramidal process of 
the palatine bone and are fixed in a dense cortical bone of the 
pterygoid process of the sphenoid bone (Figure 9).
Option C – Although there is less bone availability compared 
to Option C of Class III, the rehabilitation scheme is similar, 
with four implants placed in the premaxilla to support an 
overdenture.

deciding factor
Option A includes a sinus lift, which reestablishes adequate 
posterior bone volume for implant placement and is a well-
known approach widely supported in the literature with 
long-term predictability.37 The limitations of this option are 
the time to the final rehabilitation, morbidity and the impos-
sibility of immediate loading. However, if the placement of 
four stable implants in the anterior area is possible, a serial 
loading protocol with immediate loading of the anterior four 
implants and a delayed loading after healing of the two pos-
terior implants allows a provisional immediate fixed rehabil-
itation, thus increasing the quality of life of the patient. It is 
also important to mention that using just four implants for 
the final rehabilitation in Class IV, as shown in Class III Op-
tion B, is not recommended, because the amount of anterior 
bone does not allow a good biomechanical load distribution 
of the implants, which could compromise long-term predict-
ability. One of the fundamental criteria for choosing Option B 
with pterygoid implants in the posterior region is the pres-
ence of maxillary sinus pathology, which increases the risk of 
biological complications in cases of Schneiderian membrane 
rupture and situations when posterior support is required for 
immediate loading.38 Both rehabilitation schemes represent 
a more complex surgical approach than those proposed for 
Class III. Although both are predictable, Option B is recog-
nized as a less invasive approach, thus avoiding the higher 
morbidity associated with bone regeneration procedures. 
However, this technique requires a more trained and experi-
enced surgeon. For a more predictable immediate loading 
protocol or whenever a distal cantilever extension should be 
avoided, Option B may be considered more appropriate. In 
contrast, clinical conditions associated with a compromised 
mouth opening or a reduced inter-occlusal space should ex-
clude this option.

Maxilla CCV
Anterior – severe resorption: height <8 mm or width <6 mm
Posterior – severe resorption: height <4 mm or width <6 mm
This class is characterized by severe anterior and posterior 
bone resorption. In the anterior region, the bone height meas-
ured from the osteotomy level, with a <6-mm crestal width, to 
the inferior border of the nasal cavity is <8 mm. Due to exten-
sive bone resorption or atrophy, the osteotomy procedure is 
smaller or not conducted. In the posterior region, the bone 
height measured from the alveolar ridge, with a <6-mm crest-
al width, to the inferior wall of the maxillary sinus is <4 mm. 

Figure 8. Example of Maxilla CC Class IV, Option A and 
Mandible CC Class III, Option B

Figure 9. Example of Maxilla CC Class IV, Option B and 
Mandible CC Class II, Option B
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This class is usually defined as a severely atrophic maxilla 
and is the most challenging class in full-arch rehabilitation.

therapeutic options
Both the anterior and posterior areas have a minimum height 
and width, challenging the implant placement. Despite the 
different graft extension, the two fixed full-arch rehabilitation 
options proposed require horizontal regeneration procedures.

Option A – Placement of six or more straight implants at the 
same time or after a bilateral sinus lift procedure and hori-
zontal regeneration. These implants are placed straight in the 
region of the sinus lift graft, usually with entry points corre-
sponding to the canine, first premolar and first molar posi-
tions. Due to extensive horizontal bone resorption, a horizon-
tal augmentation procedure complements the surgical 
rehabilitation scheme (Figure 10).
Option B – Placement of four short implants in the anterior 
region of the maxilla. Two straight implants are placed in the 
lateral incisors position and two implants adjacent to the 
maxillary sinus lift wall. In the posterior region of the maxilla, 
two zygomatic implants are placed tilted forward to obtain 
implant anchorage and stability in the zygomatic bone by in-
creasing the implant length to ≥30 mm. Immediate loading is 
possible if the anterior implants are stable. When it is not 
possible to place stable implants in the anterior region, four 
zygomatic implants can be used. The main advantage of this 
option is allowing immediate loading without a grafting pro-
cedure. This option requires a surgeon who is trained and 

skillful in this technique and should be considered as the last 
option in treatment planning due to the possible surgical 
complications (Figure 11).
Option C – The severe bone resorption of this class requires 
short implants or augmentation of the premaxilla to stabilize 
the implants and support an overdenture.

deciding factor
The key factor in deciding between these two approaches is 
whether the density of the remaining bone provides enough 
implant primary stability because both the previously men-
tioned options A and B are predictable. Therefore, two surgi-
cal protocols are suggested for a fixed full-arch rehabilitation 
depending on either a grafting or a graftless approach. How-
ever, in terms of the height level of atrophy, both techniques 
are sensitive to the patient’s preference, the risks involved, 
the expertise and the learning curve of the surgeon. Patient 
risk factors such as heavy smoking, diabetes, bruxism, sinus 
pathology and other compromising factors have to be con-
sidered in the decision process. Regardless of the vertical 
augmentation with sinus lift, treatment complexity increas-
es in the presence of a thin ridge (<5 mm). An alveolar width 
deficiency of this magnitude is often associated with loss of 
buccal cortical and/or medullary bone, compromising the pa-
tients’ facial profiles and adding complexity to the treatment 
plan.39 In these cases, a horizontal ridge augmentation to 
cover the buccal surface of every implant and re-establish 
the patients’ anatomy is mandatory. Option B with zygomat-
ic implants is one of several techniques described in the liter-
ature to approach the atrophic maxilla, with several prospec-
tive studies reporting successful outcomes as well as 
recognized advantages such as reduced treatment time, de-
creased morbidity and a smaller number of implants neces-
sary to support fixed prostheses.40,41 Several studies have 
evaluated the use of zygomatic implants combined with 
standard implants for immediate loading and have reported 
a high survival rate of 95.8% to 100%, which implies that zy-
gomatic implants may be used with immediate function pro-
tocols.42-44 Despite the high survival rate reported in the liter-
ature, attention should be drawn to the decision-making 
process due to the risk of intra- or post-operative complica-
tions involved: infections/sinusitis in the maxillary sinus, in-
traoral soft-tissue problems, oroantral fistula, orbital injury 
and intracranial penetration.40

Mandible CCI
Anterior – Available bone (height >16 mm; width >6 mm)
Posterior – Available bone (height >12 mm; width >6 mm)
In the anterior region of the mandible, the bone height meas-
ured from the osteotomy level, with a >6-mm crestal width, 
to the inferior border of the mandible is >16 mm. In the pos-
terior region, the distance from the >6-mm alveolar crestal 
width to a 2-mm safe distance from the mandibular canal is 
>12 mm.

therapeutic options
Considering the posterior bone availability and the favorable 
anterior region with a higher density bone, two fixed full-arch 
options and two removable full-arch schemes are proposed.

Figure 10. Example of Maxilla CC Class V, Option A and 
Mandible CC Class IV, Option A

Figure 11. Example of Maxilla CC Class V, Option B and 
Mandible CC Class IV, Option A
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Option A – Placement of six straight implants. Two anterior 
implants are placed in the lateral incisors position. Two distal 
implants are placed in the anterior region following the ana-
tomically driven approach, and their entry point must have a 
safe anterior distance to the mental nerve and its possible 
loop. In the posterior region, two implants are placed in the 
first or second molar position depending on the functional 
molars of the opposing dentition.
Option B – Placement of four implants. Two straight implants 
are placed anteriorly to the mental foramen, in the canine 
position, and two straight implants in the posterior region, in 
the first molar position.
Option C – Use of an overdenture supported by two or four 
non-splinted implants placed in the anterior region of the 
mandible, in the same position as described for Option A.

deciding factor
Both of the fixed full-arch schemes do not consider the pres-
ence of a distal cantilever. The extension and size of the arch 
are the main deciding factors for one of the options, i.e., in 
large arches, Option A should be selected. Other factors like 
the presence of parafunctional habits (bruxism and clenching) 
or natural teeth in the opposing arch up to the first or second 
molar may also justify that option. The rationale proposed for 
a removable option follows the principles mentioned for Max-
illa CCI-CCIV. Several randomized clinical trials and a me-
ta-analysis confirm both of the options proposed.45-47 Thus, 
the economic, biomechanics and clinical situation should 
guide the clinician and the patient in which option to choose.27

Mandible CCII
Anterior – Available bone (height >16 mm; width >6 mm)
Posterior – Moderate resorption (height >8 mm and <12 mm; 
width >6 mm)
The anterior region still has a favorable amount of available 
bone. The bone height measured from the osteotomy level, 
with a >6-mm crestal width, to the inferior border of the man-
dible is >16 mm. In the posterior region, moderate posterior 
bone resorption is observed. The bone height measured from 
the alveolar crest, with a >6-mm crestal width, to a 2-mm safe 
distance from the mandibular canal, is >8 mm and <12 mm.

therapeutic options
Considering the posterior low bone availability and the favora-
ble anterior region with higher bone density, two fixed full-arch 
options and two removable full-arch schemes are proposed.

Option A – Placement of six straight implants. The available 
anterior bone length enables the placement of four axial im-
plants. Their position and the surgical approach are similar to 
those of the anterior implants proposed for Mandible CCI Op-
tion A. The reduced bone height in the first molar position 
requires the use of short implants in this area.
Option B – Placement of four implants in the anterior region. 
The two most anterior implants are placed vertically in the 
lateral incisors position. Taking into consideration the poste-
rior bone height availability over the mandibular canal, two 
tilted implants with entry points slightly posterior to the 
mental foramina, usually at the second premolar position, 

can be placed. Since an angulation of 17-30° is used, their tra-
jectory passes forward the mental nerve loop. In cases with a 
maximum mental nerve loop length of 5.7 mm, the implant 
entry point should coincide with the mental foramen.48 In 
this rehabilitation scheme, a distal 10-to-14-mm cantilever in 
the first molar position should be considered (Figure 9).
Option C – Similar to the rehabilitation schemes proposed for 
Mandible CCI.

deciding factor
Based on the principle proposed for Mandible CCI, the same 
biomechanical factors support Option A without a distal can-
tilever. If none of the mentioned factors are present, Option B 
can be a predictable alternative approach. According to a 
3-year prospective study,49 no clinical differences were found 
when comparing schemes similar to Mandible CCI Option B 
(four straight implants) and Mandible CCII Option B (four im-
plants with the posterior implants tilted). In this study, im-
plant success criteria and mechanical prosthesis complica-
tions were evaluated. This work gives rise to further 
evidence-based studies to validate the Option B proposed for 
Mandible CCI.

Mandible CCIII
Anterior – Moderate resorption (height >12 mm and <16 mm; 
width >6 mm)
Posterior – Advanced resorption (height >4 mm and <8 mm; 
width >6 mm)
Moderate bone resorption is found in the anterior region. The 
bone height measured from the osteotomy level, with a >6-mm 
crestal width, to the inferior border of the mandible is >12 mm 
and <16 mm. In the posterior region, advanced posterior bone 
resorption is characterized by a bone height >4 mm and <8 mm 
measured from the alveolar crest, with a >6-mm crestal width, 
to a 2-mm safe distance from the mandibular canal.

therapeutic options
Taking into consideration the advanced posterior bone re-
sorption with a short bone height and moderate anterior 
bone resorption, two fixed full-arch options and two full-arch 
removable schemes are proposed.

Option A – Placement of four implants in the anterior region 
and two in the posterior region. The implants placed in the 
anterior region follow the surgical and prosthodontic criteria 
of Mandible CCII Option B. In addition, two short posterior 
implants are placed in the first molar position (Figure 6).
Option B – Similar to Option B of Mandible CCII. Taking into 
consideration the reduced posterior bone height available, 
the entry points of the distal implants should be aligned with 
the first premolar. In this rehabilitation scheme, a distal can-
tilever should be considered (Figure 7, Figure 8).
Option C – Taking into consideration a reduced implant length, 
the removable rehabilitation schemes proposed are similar to 
Mandible CCI and CCII.

deciding factor
Regarding the bone resorption observed, the same deciding 
factors of Mandible CCI and CCII should be considered. Op-
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tion B – placing four implants between the mental foramina, 
is a simple and predictable option. The use of short implants 
is currently considered predictable, and in several cases, Op-
tion A might be more favorable by placing a short implant in 
the molar region since it avoids cantilevers and allows a sec-
ond molar occlusion.50,51

Mandible CCIV
Anterior – Advanced resorption (height >8 mm and <12 mm; 
width >6 mm)
Posterior – Severe resorption (height < 4mm or width <6 mm)
Advanced bone resorption is confirmed in the anterior region 
of the mandible. The bone height measured from the osteoto-
my level, with a >6-mm crestal width, to the inferior border of 
the mandible is >8 mm and <12 mm. The posterior region pre-
sents severe bone resorption. The bone height measured from 
the alveolar crest, with a <6-mm crestal width, to a 2-mm safe 
distance from the mandibular canal is <4 mm.

therapeutic options
In this class, the posterior bone height (<4 mm) precludes the 
placement of short implants, unless vertical bone regenera-
tion procedures are performed. Hence, two options for the 
surgical approach are described.

Option A – Placement of four equidistant implants in the an-
terior region of the mandible. Two straight implants are placed 
in the lateral incisors position and the two other implants are 
placed tilted at a 17° angle with entry points coincident with 
the mental foramen or slightly posterior to it (Figure 5, Figure 
10, Figure 11).
Option B – Vertical bone grafting in the posterior region for 
the placement of two implants in the position of the first 
molar. The length of the implants should range from 6 to 8 
mm. Regarding the interforaminal region of the mandible, 
the surgical approach is the same as previously described in 
Option A.
Option C – Similar to the previously described removable op-
tions for Mandible Classes I, II and III.

deciding factor
Placing four implants in between mental foramina, as men-
tioned earlier, is a simple and predictable option and is con-
sidered the most favorable option for this level, compared to 
Option B with vertical augmentation of the posterior mandi-
ble, to place an implant in the molar area. Individual pa-
tient-related factors must be analyzed to decide the suitable 
number of implants and the risk/benefit ratio associated with 
bone graft procedures on the posterior mandible.

Mandible CCV
Anterior severe resorption (height <8 mm or width <6 mm)
Posterior severe resorption (height <4 mm or width <6 mm)
A severe bone resorption pattern is observed both in the an-
terior and posterior regions. In the anterior region, the bone 
height measured from the osteotomy level, with a <6-mm 
crestal width, to the inferior border of the mandible, is <8-mm. 
As described in Mandible CCIV, the same values are seen in 
the posterior region.

therapeutic options
Two treatment options are suggested for these patients, using 
short implants in the anterior area versus major augmenta-
tion. Both the anterior and posterior areas have a minimum 
height and width, challenging the implant placement.

Option A – Placement of four short straight implants (4 or 6 
mm) equidistant in the anterior region. The two anterior im-
plants are placed in the lateral incisors position and the two 
remaining in the first premolars position at a safe distance 
from the mental foramen.
Option B – A more invasive surgery to augment the height and 
width of the mandible. In this option, an extraoral autoge-
nous bone graft is suggested (hip, rib, calvarium). Four or six 
axial implants are placed in the same positions and with the 
same lengths as referred in the Mandible CC II Option A or B 
scheme.
Option C – Similar to the previously described removable op-
tions for Mandible Classes I, II, III and IV using two or four 
short implants.

deciding factor
The surgeon’s expertise should be the main deciding factor 
for performing one of the previously described techniques 
since a severely atrophic mandible presents high risk for po-
tential complications, mainly mental nerve injury, mandibu-
lar fracture or hemorrhagic accidents. Both therapeutic op-
tions are described in a 10-year follow-up randomized 
controlled trial.52 According to this study, the four short im-
plant option presented a higher cumulative survival rate 
(98.8%) compared to the augmentation procedures (88%). Less 
morbidity in the patient and retreatment survival were also 
more favorable in this option. More recently, a systematic re-
view and meta-analysis that evaluated vertical ridge aug-
mentation procedures in the atrophic mandible recognized 
that, if 4 mm of vertical augmentation is needed, any tech-
nique – inlay block grafting, onlay block grafting or osteogen-
esis distraction – should be predictable in healthy patients.53

Discussion

The aim of this paper is to propose the first patient-cen-
tered decision-aid tool for fixed and removable full-arch re-
habilitation of the maxilla and the mandible. This type of 
classification system should not be perceived as a clinical 
algorithm or a decision tree. It should provide a justified 
suggestion of a possibly preferable treatment option but not 
dictate it.

Contrary to previous descriptions found in the literature, 
this classification system was developed focused on patient 
individuality rather than on the implant system technique. 
Previous classifications have emphasized the prosthodon-
tic-driven implant concept.23 Papadimitriou et al. proposed a 
classification based on 100 CBCT analyses previous to implant 
planning with a software application.23 Although this classifi-
cation expressed four different levels of jaws atrophy, it was 
brand-specific and implant-design-specific (Straumann® Tis-
sue level). Despite its long-term clinical outcome assessment, 

184 rev port estomatol med dent cir maxilofac. 2019;60(4) :175-188



this implant system lacks prosthodontic flexibility when a 
screw-retained full-arch rehabilitation with tilted implants is 
proposed.54-56 As previously mentioned, tilted implants may 
avoid the use of cantilevers in cases where limited bone height 
is found in the first molar position of edentulous maxillae and 
mandibles. However, the rehabilitation schemes proposed by 
these authors only consider straight implants. Furthermore, 
and taking into consideration its virtual nature, no intra-sur-
gical modification of the edentulous ridge and no implant 
loading protocol were mentioned or considered. Possible con-
siderations related to the patients’ clinical history or risk fac-
tors influencing the therapeutic option were also not included.

Another classification system suggested a complete arch 
site classification based on four implants, as originally pro-
posed by Bränemark and later developed by Mattsson and 
Krekmanov.33,34,57 The system proposed by Jensen22 was based 
on implant placement strategies for an immediate loading 
protocol. Based on an anatomically driven implant placement, 
areas of high-density bone in the edentulous maxilla and 
mandible were the key factors for a predictable high insertion 
torque. Although accepted, this principle contradicts the cur-
rent biological and prosthodontically driven standard. Regions 
close to the maxillary sinus and the nasal cavity in the maxil-
la or the inferior border of the mandible, or the inferior alveo-
lar nerve, are described as anchors for the apical part of a 
two-piece implant (NobelActive NobelBiocare®). Once again, 
this description is purely based on one implant system and its 
macrogeometry. Surgical techniques proposing a transverse 
buccal-to-palatal/lingual implant positioning of the distally 
tilted implants in the mandible may represent an increased 
risk of fenestration and hemorrhagic accidents in the first mo-
lar region with a lingual undercut ridge.58 Although Jensen’s22 
description may reflect extensive surgical experience, its ap-
plication cannot be considered as “user-friendly” or reproduc-
ible among clinicians. In addition, it also did not take into 
account potential biomechanical risk factors for the patient 
subjected to the surgical technique. Parafunctional habits, arch 
size or type, and extension and type of the opposing arch are 
not addressed as considerations that may modify the rehabil-
itation scheme.

The limitations identified in both the described classifica-
tions have opened the field for discussion. Taking into consid-
eration that patient-related factors potentially interfere with 
treatment planning, should we not develop a patient-centered 
classification system for an edentulous maxilla and mandible? 
The positive answer to this question was this paper’s rationale. 
By achieving this, the authors of this manuscript set a signifi-
cantly relevant path in the integration of these factors into a 
new classification for fixed or removable full-arch rehabilita-
tion of edentulous jaws.

For each of the five edentulous classes, fixed and remov-
able full-arch rehabilitation schemes were proposed. By pro-
viding a broad and flexible spectrum of rehabilitation options, 
we are providing a tool where the patient’s particularities and 
needs are taken into account. This viewpoint contrasts with 
the previous “all-on-four” or “all-on-six” dichotomic princi-
ple.59-65 By adding a removable option, we are as well address-
ing the needs of an increasingly aging population and de-
manding economic situations.2

Contrary to previous classifications, the rehabilitation 
schemes here proposed are not mainly implant-system depen-
dent. This perspective is in agreement with the findings of a 
recent systematic review, which concluded that there was not 
enough available evidence suggesting that any specific im-
plant or implant feature affects the treatment outcome in the 
maxilla of fully edentulous patients.66 Although a similar anal-
ysis is lacking for the mandible, the authors of this paper have 
adopted the same viewpoint.

The Maxilla CC classes rehabilitation scheme for a fixed 
full-arch rehabilitation suggesting six implants in cases of an-
terior and posterior bone availability is in accordance with the 
results of a meta-analysis.46 When evaluating post-loading 
implant failure in edentulous maxillae, in terms of the impact 
of implant number or position, fixed full arches with six or 
more implants presented favorable results. A low implant fail-
ure rate of 0.28% was found. A comparison with fixed full-arch 
schemes based on four implants could not be made due to a 
low number of high-quality studies. However, both of the op-
tions described are in accordance with the tendency found by 
Mericske-Stern considering the optimal number of implants 
for cross-arch fixed prosthesis and a minimally invasive, pa-
tient-centered approach.7,67

Considering the previously mentioned meta-analysis for 
the edentulous mandible, the post-loading implant failure rate 
in a fixed full-arch rehabilitation with four implants is statis-
tically significantly higher when compared to five or more 
implants. The CC classes for the edentulous mandible with any 
type of anterior and posterior bone availability – CCI, CCII and 
CIII Option A – are in agreement with these results. Bone aug-
mentation procedures, as proposed in the Mandible CCV Op-
tion B, were not the focus of the meta-analysis. As previously 
mentioned in the deciding factor section of this class, favor-
able results were found in healthy patients when vertical aug-
mentation procedures were applied.53

Although satisfactory results have been obtained with 
both all-on-four, all-on-six and, in some exceptional cases, 
more than six implants, these full-arch rehabilitation 
schemes should not be generalized and blindly matched with 
all edentulous cases. Biological considerations such as bone 
quality and quantity, soft-tissue conditions, medical factors, 
oral hygiene, the biomechanical profile of the type of the op-
posing jaw, and parafunctional habits should be weighed be-
fore deciding the rehabilitation option.27 Since there is a lack 
of evidence correlating some of these factors with the surviv-
al and success rates of a full-arch rehabilitation, an extrapo-
lation from the available evidence of partial fixed prostheses 
was considered to be the logical next step. In this regard, 
several risk factors proposed as modifiers of the CC classes’ 
therapeutic options are identified in the available literature. 
For example, bruxism was mentioned as a predictor for im-
plant failure with an odds ratio of 2.71 (95% CI, 1.25, 5.88) in 
relation to non-bruxers.68 Mechanical and technical compli-
cations with implant-supported prostheses were also found. 
In a different study, based on a sample of 1406 patients, a 
cluster behavior of dental implant failures with factors such 
as bruxism, poor quality bone, age of patient or smoking were 
found to exert a harmful effect at an implant level.69 Some of 
these risk indicators and others such as diabetes type 1, 
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bleeding disorders, or intake of medication for osteonecrosis 
(e.g. oral bisphosphonates) have already been highlighted in 
previous reviews.70,71

Taking into consideration the possible effect of distal can-
tilevers in implant-supported prostheses, the available evi-
dence does not support any correlation between peri-implant 
bone loss and cantilever extension.72 However, minor mechan-
ical complications were found when cantilevers were pres-
ent.73 When this extension is greater than 14 mm and in oc-
clusion with a natural second molar, an increased mechanical 
risk can be expected.74 This factor was also considered a de-
ciding factor in the present classification. It should be noted 
that the available evidence regarding the role of cantilevers is 
scarce, heterogeneous, lacks results of clinical trials reporting 
appropriate outcomes and often excludes patients with para-
functional habits.75 Therefore, depending on the risk factors 
identified during treatment planning, this classification sys-
tem proposes a decrease of tension and stress distribution 
across more implants or a minimally invasive approach when 
required by the patient’s systemic condition.

The values proposed in each CC class may not match all 
types of clinical cases as they represent a general averaged 
standard. A retrospective cohort analysis reporting the implant 
and prosthodontic success of each rehabilitation scheme will 
be published to underline the clinical relevance of the pro-
posed classification system.

Finally, assuming a pyramidal complexity structure, the 
CC also helps with the clinical case level assessment. Al-
though most of the CC rehabilitation schemes may be clas-
sified as Advanced or Complex oral surgery procedures, they 
present different levels of surgical difficulty that increase 
with jaw atrophy.16 On a Complex level, different degrees of 
complexity can be found, and this has been rarely described 
in the literature so far. An example of this situation is the 
comparison between the difficulty levels of the Maxilla CCI 
Option B and the Maxilla CCV Option A. Both are Complex 
treatment options but require different learning curves and 
surgical expertise and experience. By stating these differenc-
es, we intend to optimize communication between clinicians 
and also recognize the importance of referral in certain clin-
ical cases.

Conclusions

This paper proposed a comprehensible and “user-friendly” 
patient-centered classification system of the different fixed 
prosthodontic options for edentulous maxilla and mandible. 
In contrast to previous descriptions, this classification system 
was developed focusing on the patient rather than on the im-
plant system technique. This approach for a classification 
system is new and has not been previously described. The five 
levels of jaw anatomy and the illustrated fixed full-arch 
schemes aim to aid clinicians during treatment planning 
while underlining a pyramidal complexity hierarchy of the 
different classes, from simple to complex. Besides being help-
ful, this classification also aims to optimize and simplify, thus 
creating a system of communication between clinicians and 
patients.
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