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Abstract
Objective
The objective was to analyze bone resorption patterns
in posterior mandibles and the dimensions of their corresponding digital bone grafts. This could allow the
fabrication of bone grafts with standardized dimensions
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that can be applied in the majority of clinical cases.
Materials and methods
Cone beam computed tomography scans (n = 120)
were analyzed to evaluate the frequency of Cawood
and Howell (C&H) classes. The most frequent class
needing bone augmentation was virtually regenerated
using specific software. Dimensions of the grafts were
calculated.
Results
Class V was the most frequent atrophic class needing
augmentation in posterior mandibles (20.4%). Severe
atrophic stages were more frequent in females (adjusted P value = 0.001), in older people (adjusted
P value = 0.31) and in the right mandible (adjusted
P value = 0.03). After virtual regeneration of Class V
cases (n = 36), 3 clusters based on the number of
missing teeth were evident. The mean length of
the grafts was 20 mm when 2 teeth were missing
(reference), 23.9 mm in the case of 3 missing teeth
(P < 0.001) and 29.6 mm for 4 missing teeth
(P < 0.001). Height and width were comparable
across the 3 clusters (P-values = 0.39–0.93). The mean
graft volume was 1,469 mm3 in the case of 2 missing
teeth (reference), 1,814 mm3 for 3 missing teeth
(P = 0.001) and 2,177 mm3 for 4 missing teeth
(P < 0.001). These volumes corresponded to those
of soft-tissue expanders, suggesting the possibility
of a 2-step augmentation protocol: soft-tissue
expansion, followed by regeneration with prefabricated grafts of the corresponding volume.
Conclusion
Class V was the most frequent resorption pattern requiring augmentation in posterior mandibles. Virtual
regeneration revealed 3 clusters of grafts, differing
only in length based on the number of missing teeth.
A 2-step augmentation protocol is proposed using
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soft-tissue expanders and prefabricated grafts with
corresponding volumes. This protocol might be more
applicable in the right mandible, females and older patients.
Keywords
Mandible; alveolar bone grafting; bone graft; cone
beam computed tomography; soft-tissue expansion.

Introduction
To ensure a successful dental implant therapy, the
presence of adequate amounts of vertical and horizontal alveolar bone is fundamental.1 Therefore, horizontal
and/or vertical alveolar bone augmentation procedures
are performed whenever the alveolar bone volume is
inadequate.
Although horizontal and vertical bone augmentation
procedures are both technique-sensitive, the latter is
more challenging and several surgical techniques are
applied, such as vertical guided bone regeneration,
onlay grafting, inlay grafting and distraction osteogenesis.2, 3 As is known, vertical bone augmentation is frequently associated with high rates of complications,
such as soft-tissue dehiscence and subsequent exposure of bone grafts in the oral cavity.4 Consequently,
soft-tissue expansion (STE) has been introduced, to
enhance the quantity and quality of soft tissue prior to
bone augmentation procedures, by using self-inflating
soft-tissue expanders (for a review, see Asa’ad et al.5).
STE facilitates passive closure of the flap, thus decreasing patient morbidity and improving regenerative
outcomes.
With the introduction of solid freeform fabrication
techniques, researchers became interested in developing custom-made bone grafts with complex architectures6 that conform better to more complex defects,
thus increasing the predictability of regenerative outcomes, especially in complex defect areas and in posterior mandibles, as the rehabilitation of this edentulous area with dental implants is very challenging for
clinicians in modern dental practice.7 Such systems
utilize computer-aided design (CAD) and computeraided manufacturing (CAM) technologies to 3-D print
a desired structure based on a CAD file that contains the

already determined graft dimensions.8 In a typical clinical case scenario, CAD models are produced based
on images from computed tomography (CT) scans of a
patient-specific bone defect to develop a custom-made
synthetic graft to regenerate defects with complex
geometry9 (for a review, see Asa’ad et al.10).
Recently in the literature, a case series focused on
the concept of custom-made grafts and minimally invasive surgical procedures for alveolar bone regeneration using subtractive technologies, that is, milling of a
commercially available block using CAD/CAM technologies.11 Nonetheless, creating a customized bone graft
for every clinical case could be of very high cost, mainly
owing to the required armamentarium and setup. In this
regard, providing standardized prefabricated synthetic
bone grafts that can be applied in most clinical case
scenarios with minimal chairside modifications might
be a more cost-effective alternative. This concept was
previously investigated by Metzger et al., who evaluated the topographical anatomy of the human orbital
floor for the production of prefabricated implants on the
basis of data obtained from conventional CT.12
Therefore, the aim of the present retrospective study
was to analyze bone resorption patterns in right and
left posterior mandibles and the corresponding digital
bone grafts, in a single population, to evaluate whether
the grafts could be grouped into distinct clusters. We
also present a preliminary analysis of the severity of
bone resorption and number of missing posterior teeth
in relation to age, sex and mandibular side. We also
propose a 2-step bone augmentation protocol, entailing STE, followed by placement of a prefabricated
bone graft of the corresponding volume.

Materials and methods
CBCT scans and inclusion criteria
An entire database (a total of 300 cone beam computed tomography [CBCT] scans dated from 2011 to
2016) of a private dental practice in Como, Italy, was
accessed during the period of April–June 2016. All
the CBCT scans were generated by the same CBCT
equipment (Planmeca ProMax 3D Max, Planmeca,
Helsinki, Finland) with the following exposure settings:
90 kV and 8 mA or 10 mA for 12 – 15 seconds.
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After all the scans were screened, only 120 scans
met the inclusion criteria, and thus were selected for
the final analysis. As a routine protocol, all the patients
signed an informed consent form agreeing to the use
of their data for scientific purposes. All patients were
treated according to the principles contained in the
Declaration of Helsinki of 1980 for biomedical research
involving human subjects. Screening of scans and selection were performed by the same investigator (FA).
The final CBCT scans met the following inclusion
criteria:
1. Scans had to be of patients of 35 years of age
or older. The cutoff point for inclusion was set at
35 years of age based on the finding in the literature
that peak bone density is reached by age 35,13 after
which bone density/mass starts to decrease.
2. Scans had to be of patients without any reported
systemic diseases that affect bone (e.g., osteoporosis), as verified from patients’ records.
3. At least 1 side of the posterior mandible had to be
either partially or fully edentulous.
4. The edentulous area had to have at least 2 consecutive posterior missing teeth, 1 of them a molar, as
follows: (i) missing first and second molars (2 teeth);
(ii) missing second premolar and first and second

molars (3 teeth); and (iii) missing first and second
premolars and first and second molars (4 teeth).
5. Alveolar bone resorption had to be physiological after tooth loss/extraction and not related to any trauma or pathologies, as verified from patients’ records.
The CBCT scan exclusion criteria were the following:
1. Patients who reported systemic diseases that would
affect the alveolar bone, for example osteoporosis.
2. History of previous bone grafting procedures, as this
variable affects bone morphology.
3. Sole presence of edentulous maxillary sextants, as
the upper jaw was not the region of interest in this
retrospective study. It must be noted that the posterior mandible was selected as the region of interest because its rehabilitation is considered the most
challenging for clinicians in modern dental practice.7
For the final 120 scans, each included at least 1 side of
the posterior mandible that met the inclusion criteria for
analysis. Afterward, the contralateral mandibular side
was assessed as well. If it met the inclusion criteria, it
was also included in the final analysis, but if not, that
segment was excluded. It must be noted that, in that
case, the segment was excluded from the overall frequency analysis and not the scan. The contralateral

Fig. 1
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Fig. 2a

segment was eliminated from the final analysis if it had
1 of the following characteristics:
1. fully dentate arch (Cawood and Howell Class I);
2. nonconsecutive missing posterior teeth;
3. 1 missing posterior tooth;
4. 2 missing premolars;
5. bounded saddle areas consisting of a missing second premolar and missing first molar (first premolar
and second molar were present); and
6. edentulous area already restored with dental implants.
Analysis of mandibular bone resorption patterns
on CBCT scans
The pattern of the mandibular bone loss was assessed
by the same examiner (FA), using the classification
proposed by Cawood and Howell (C&H).14 This classification system is among the most widely used to categorize edentulous ridges.15 The ridge displays a specific shape during different phases of bone resorption
that can be clearly identified on CBCT scans (Fig. 1).16
The C&H classification divides the posterior mandible
into 6 groups as follows:
1. Class I: dentate;
2. Class II: immediately post-extraction;
3. Class III: well-rounded ridge form,
adequate in height and width;
4. Class IV: knife-edge ridge form,
adequate in height and inadequate in width;

5. Class V: flat ridge form, inadequate in height
and width;
6. Class VI: depressed ridge form with
some basal loss evident.
Frequency analysis of bone resorption patterns was
done using DICOM files imported into OS3D 2.0 software (3DMed, L’Aquila, Italy). Frequency analysis of
bone resorption pattern and number of missing teeth
were compared for age, sex and mandibular side.
Virtual bone regeneration and digital bone grafts
Virtual regeneration with digital bone grafts was performed after the frequency analysis had been completed. This step was only done for the most frequent
C&H class requiring bone augmentation (i.e., the most
frequent class among Classes IV, V and VI).
By means of imaging software (OS3D 2.0), the
digital data were processed to obtain a 3-D image of
the bone loss, and a virtual graft was designed, simulating a real bone grafting procedure (Fig. 2a), as
described by Jacotti et al.17 The software allowed the
determination of the length, height and width of each
graft. The software also verified the intimate adaptation between the virtual graft and the underlying bone
surface. As a guide for the virtual bone regeneration
procedure, the residual bone height above the mandibular canal was measured, and then the virtual graft
height was determined by the ability to accommodate
an implant of a standard height (10 mm) with a 2 mm
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safety zone above the mandibular canal (Fig. 2b).
Virtual graft width was determined by the ability to accommodate a 3.25 mm diameter dental implant. Virtual
graft length was based on the number of missing consecutive posterior teeth. The 3-D planning software
allowed for virtual dental implant placement, subsequent virtual bone regeneration and verification of the
graft dimensions.

Age
group,
years

Female,
n (%)

Male,
n (%)

Total,
n (%)

< 65

23 (31.5)

21 (44.7)

44 (36.7)

≥ 65

50 (68.5)

26 (55.3)

76 (63.3)

Total

73 (100)

47 (100)

120 (100)

Table 1: Age and sex distribution of the study population.

The study sample was divided into 2 age groups:
< 65 years old and ≥ 65 years old. Most of the study
participants were of the second age category (63.3%).
For the purpose of this study, the results will focus on
C&H classes that require alveolar bone augmentation
(i.e., Classes IV, V and VI).

Fig. 2b

Statistical analysis
Random intercept univariate and multivariable linear
regression models were fitted to evaluate the effect of
sex, age and side on the C&H classes, the number of
missing teeth and dimensions of virtual grafts (length,
height, width and volume). Statistical analyses were
performed using Stata 15 (StataCorp).

Results
A total of 120 patients contributed 120 CBCT scans
and 240 posterior mandibular segments. A total of
59 contralateral mandibular segments were excluded
from the final analysis (25 in the left mandible and 34
in the right mandible), and 181 left and right mandibular segments were analyzed overall (95 in the left
mandible and 86 in the right mandible). The study participants were 47 males and 73 females with an age
range between 37 and 92 years (mean age = 66.2 ± 11.2
years; Table 1).

18

Frequency of bone loss patterns in posterior mandibles in relation to sex, age and side (Table 2)
Females showed higher frequencies of Classes IV,
V and VI in comparison with males (crude P value
< 0.001; adjusted P value = 0.001). Class V was the
most frequent class that requires augmentation in
females (30.3%), while 5.6% of males had Class V in
the posterior mandible. Class VI was the least frequent
in relation to Classes IV and V in both sexes (6.4% in
females; 2.8% in males).
Patients in the older age category showed higher
frequencies of Classes IV, V and VI in comparison
with younger patients (crude P value = 0.14; adjusted
P value = 0.31). The most frequent class that requires augmentation was Class V in older (22.0%) and
younger (17.5%) individuals.
In both mandibular sides, Class V was the most frequent class that requires augmentation in comparison
with Classes IV and VI. However, Class V was more
frequent in the right mandible than on the left side
(23.3% and 17.9%, respectively; crude P value = 0.03;
adjusted P value = 0.03).
Frequency of consecutively missing teeth in posterior mandibles in relation to sex, age and side
(Table 3)
Most of the posterior mandibular segments in females
had either 3 or 4 missing teeth (36.7%, 39.4%, respectively), while most of the mandibular segments in
males showed 3 missing teeth (44.4%). Nonetheless,
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Characteristics

Cawood & Howell classification
II

III

IV

V

VI

Total

Sex

n (%)

n (%)

n (%)

n (%)

n (%)

No. (%) of
mandibular
segments

Female

1 (0.9)

52 (47.7)

16 (14.7)

33 (30.3)

7 (6.4)

109 (100)

Male

1 (1.4)

60 (83.3)

5 (6.9)

4 (5.6)

2 (2.8)

72 (100)
< 0.001

Crude P value*

0.001

Adjusted P value**
Age
< 65 years

0 (0.0)

45 (71.4)

7 (11.1)

11 (17.5)

0 (0.0)

63 (100)

≥ 65 years

2 (1.7)

67 (56.8)

14 (11.9)

26 (22.0)

9 (7.6)

118 (100)

Crude P value*

0.14

Adjusted P value**

0.31

Side
Left

1 (1.0)

62 (65.3)

11 (11.6)

17 (17.9)

4 (4.2)

95 (100)

Right

1 (1.2)

50 (58.1)

10 (11.6)

20 (23.3)

5 (5.8)

86 (100)

Crude P value*

0.03

Adjusted P value**

0.03

* From random intercept univariate linear regression models.
** From random intercept multivariable linear regression models
containing all three variables.

Characteristics

Table 2: Frequency of different bone loss patterns in posterior
mandibles in relation to sex, age and side.

No. (%) of consecutively missing posterior teeth

Total

2

3

4

No. (%) of
mandibular
segments

Female

26 (23.9)

40 (36.7)

43 (39.4)

109 (100)

Male

24 (33.3)

32 (44.4)

16 (22.2)

72 (100)

Sex

Crude P value**

0.11

Adjusted P value**

0.21

Age
< 65 years

23 (36.5)

26 (41.3)

14 (22.2)

63 (100)

≥ 65 years

27 (22.9)

46 (39.0)

45 (38.1)

118 (100)

Crude P value*

0.04

Adjusted P value**

0.06

Side
Left

25 (26.3)

39 (41.1)

31 (32.6)

95 (100)

Right

25 (29.1)

33 (38.4)

28 (32.5)

86 (100)

Crude P value*

0.47

Adjusted P value**

0.47

* From random intercept univariate linear regression models.
** From multivariable linear regression models containing
all three variables.

Table 3: Frequency of consecutively missing teeth in posterior
mandibles in relation to sex, age and side.
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Cawood
& Howell
classification

No. (%) of consecutively missing
posterior teeth
2

3

4

II

0 (0)

1 (1.4)

1 (1.7)

III

40 (80)

49 (68)

23 (39.0)

IV

3 (6)

6 (8.3)

12 (20.3)

V

7 (14)

12 (16.7)

18 (30.5)

VI

0 (0)

4 (5.5)

5 (8.5)

50 (100)

72 (100)

59 (100)

Total No. (%)

* From random intercept univariate linear regression models.
** From multivariable linear regression models containing
all three variables.

Crude P
value*

Adjusted P
value**

0.04

0.04

Table 4: Number of consecutive missing teeth in posterior
mandibles in relation to Cawood and Howell
classification.

Virtual graft dimension

Two missing teeth
(n = 6)

Three missing teeth
(n = 13)

Four missing teeth
(n = 17)

Length (mean ± SD),

20.0 ± 0.6

23.9 ± 0.6

29.6 ± 0.7

mm

(reference)

(P < 0.001)

(P < 0.001)

Height (mean ± SD),

9.0 ± 0.9

9.4 ± 1.2

9.0 ± 0.8

mm

(reference)

(P = 0.39)

(P = 0.93)

Width (mean ± SD),

8.2 ± 0.4

8.1 ± 0.3

8.2 ± 0.4

mm

(reference)

(P = 0.74)

(P = 0.89)

1,469 ± 152

1,814 ± 248

2,177 ± 224

(reference)

(P = 0.001)

(P < 0.001)

Graft volume
(mean ± SD),
mm3

* P values from random intercept linear regression models
adjusted for sex, age and side.

sex did not seem to influence the number of consecutive missing teeth in the posterior mandible (crude
P value = 0.11; adjusted P value = 0.21).
Posterior mandibles in patients of ≥ 65 years of
age showed mostly 3 or 4 missing teeth (39.0% and
38.1%, respectively), while the posterior segments in
the younger age group showed mostly 2 or 3 missing
teeth (36.5% and 41.3%, respectively). These results
show that the number of missing teeth might be influenced by age (0.3 more missing teeth on average
among older patients; crude P value = 0.04; P = 0.06,
adjusted for sex and side).
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Table 5: Height, width and length of virtual grafts of Cawood
and Howell Class V.

Both right and left posterior mandibles had comparable frequencies of the number of missing teeth. Three
missing teeth were the most frequent for both sides,
while 2 missing teeth were the least frequent (crude P
value = 0.47; adjusted P value = 0.47).
Frequency of consecutively missing teeth in posterior mandibles in relation to bone loss patterns
(Table 4)
Posterior mandibles that showed Classes IV, V and
VI had mostly 4 missing teeth. In Classes IV and V,
the frequency of 2 and 3 missing teeth was almost
comparable. None of the mandibles with Class VI had
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2 missing teeth (crude P value = 0.04; adjusted
P value = 0.04).
Dimensions of digital bone grafts for mandibular
segments with Class V (Table 5)
As Class V was the most frequent among classes that
require bone augmentation (i.e., the most frequent
among Classes IV, V and VI), virtual bone regeneration of Class V mandibular segments was performed
through digital bone grafts, using specific software.
Among the 181 analyzed mandibular segments, 37
segments were of Class V. However, virtual bone
regeneration was only performed for 36 segments,
as 1 segment was excluded owing to technical difficulties encountered with the provided CBCT scan of
the patient, which did not allow for the procedure to
be successfully performed. Regarding the length of
the virtual graft, the mean was 20 ± 0.6 mm when
2 teeth were missing. When 3 teeth were missing,
the mean length was 23.9 ± 0.6 mm. In cases of both
premolars and both molars missing, the mean length
was 29.6 ± 0.7 mm. Mean length was different based
on the number of missing teeth (P < 0.001).
As for the width of the virtual graft, it was almost
comparable when 2 (8.2 ± 0.4), 3 (8.1 ± 0.3) or 4 teeth
(8.2 ± 0.4) were missing (P > 0.05). Regarding the
height of the virtual graft, this dimension was also
comparable when 2 (9.0 ± 0.9), 3 (9.4 ± 1.2) or 4 teeth
(9.0 ± 0.8) were missing (P > 0.05).

Discussion
To the best of the authors’ knowledge, this is the first
retrospective study to analyze the frequency of C&H
classes on CBCT scans and virtually regenerate the
most frequent atrophic class that requires bone augmentation. As findings in the literature are inconsistent
regarding the severity of bone resorption in relation to
sex, the frequency of C&H classes between males and
females was compared in the present study as well.
The C&H classification14 was applied in this retrospective analysis because it is among the most used to categorize edentulous ridges15 and the different shapes of
a ridge of each class can be easily identified on CBCT
scans.16 To date, there is only 1 study that assessed
the frequency of C&H atrophic stages. However, this
investigation was in a historic nation and only evalu-

ated the association between age and frequency/severity of atrophy.18 After the frequency analysis of bone
resorption patterns, dimensions of digital grafts were
assessed as well, to determine whether the virtual
grafts could be grouped into distinct clusters, which
could allow the fabrication of bone grafts of standardized dimensions that could be applied in the majority of
clinical cases.
The findings of the present study suggest that
females show higher frequencies of severe atrophic
stages in comparison with males; thus, sex tends to
influence bone resorption. These results are consistent
with what has been previously reported in the literature. Solar et al. suggested that female sex was an independent risk factor for more severe bone resorption
in the mandible.19 In another study, female sex was indicated as a risk factor for greater bone resorption in
the posterior mandible;20 however, this study focused
on patients wearing conventional dentures and implant
overdentures. Interestingly, the tendency of females to
show more bone resorption than their male counterparts might be due to females having deeper resorption lacunae.21 In a different investigation, more severe
resorption in females was due to lower bone mineral
content of the mandible in young dentate women when
compared with young dentate men.22 As is known, the
less highly mineralized a substrate is, the more easily
it can resorb.23 In contrast, Winter et al. reported more
bone loss in the posterior mandible in males, due to
greater biting force.24
In the present retrospective analysis, C&H Class V
was the most frequent among the 3 atrophic classes
that require bone augmentation (i.e., Classes IV, V
and VI) among all study participants, while Class VI
was the least frequent. In a retrospective analysis of
a historic nation, atrophy stages V and VI were both
the most frequent among older age groups.18 Since the
population of the present retrospective analysis is not
historic, the negligible frequency of class VI frequency
can be justified by the fact that patients do seek dental
treatment at some point before bone resorption progresses to basal bone. As expected, the older age group
(≥ 65 years) in the current retrospective analysis
showed more severe C&H classes of resorption in
comparison with the younger age group (< 65 years).
Similarly, in a historic nation, the severity of bone resorption was associated with the individual’s age.18
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Moreover, the results of the present study revealed
that the number of missing teeth is influenced by age.
As Class V was the most frequent among the atrophic classes that require bone augmentation, all
Class V cases were virtually regenerated with digital
bone grafts. This procedure was guided by virtual
implant placement, to ensure that the dimensions of the
virtual grafts were correct. Based on these dimensions,
3 clusters were notable—graft length of 21, 25 and
30 mm—based on the number of missing teeth. In
these clusters, graft width and height were almost
comparable (8 mm and 9 mm, respectively). Therefore,
it might be logical to propose that using prefabricated bone grafts in most clinical case scenarios
could be practical and applicable. Utilization of prefabricated bone grafts could be more applicable in
right mandibles in females and older patients, based
on the results of the current study.
Whether the prefabricated graft may need minimal
or major modification for adaptation is to be confirmed
in a future study, by calculating and comparing the adaptation ratio of both the virtual and actual grafts. It
has been suggested that shaping and modification of a
chairside graft highly increase the risk of contamination
and subsequent infection, which could compromise
the outcomes of the bone regeneration procedure.17
In the present study, the virtual bone augmentation
procedure was guided by virtual placement of dental
implants. One might argue that dental implants shorter
than 10 mm can be used in posterior mandibles with
predictable outcomes. Indeed, short dental implants
are a valid option for restoring posterior mandibular

Although the current study suggests 3 different
volumes of bone grafts based on the number of missing
teeth, this aspect represents just 1 component of the
entire clinical paradigm. In fact, case management is
influenced by various factors that must be taken into
consideration: the patient’s socio-economic status; application of the short dental arch concept; length, diameter and number of dental implants; and utilization
of a removable prosthesis instead of implant therapy.
Although one might think that the bone graft volumes
generated might be insufficient at the time of implant
surgery, as graft resorption during osseous healing is
still not predictable, it must be noted that prefabricated
grafts could be made of biomaterials that have a degradation rate in concordance with the remodeling processes of the target tissue.10 In this context, a 2-step
regenerative protocol can be implemented: pre-augmentation STE technique (Fig. 3),5, 28 followed by regeneration with prefabricated grafts. In this approach,
a suitable self-inflating soft-tissue expander and its

Tissue expansion

soft tissue
jaw bone
tissue expander

Lack of soft tissue

regions, as is vertical bone augmentation combined
with implants of standard length (i.e., 10 mm);25, 26
however, since the aim of the present study was to
analyze the virtual graft dimensions, the second treatment option was adopted (i.e., vertical bone augmentation), and a virtual implant of standard length was
used to guide the virtual bone augmentation procedure. Narrow implants (i.e., 3.25 mm) were used, as
their successful application in the posterior mandible
has been previously reported as a minimally invasive
alternative to horizontal bone augmentation.27 Therefore, placing a virtual implant with a narrow diameter
was done in order to decrease the horizontal bulkiness
of the graft.

Insertion of tissue expander

Autonomous growth

New soft tissue, created by
tissue expander

Explantation and
bone augmentation

Fig. 3
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corresponding bone graft volume are chosen for each
individual patient after thorough treatment planning of
the case. The virtual graft volumes obtained in this retrospective study appear to correlate to the available
soft-tissue expander volumes. For example, the mean
virtual graft volume obtained when 4 posterior mandibular teeth were missing was 2,177 mm3. This corresponds to the 2.1 mL (2,100 mm3) final-volume expander. Therefore, utilizing an expander of this volume
and the corresponding bone graft volume could be
applicable in a Class V posterior mandible with
4 missing teeth. Likewise, the mean virtual graft volume
when 3 teeth were missing was 1,814 mm3. The matching soft-tissue expander volume in this case would be
either a 1.3 or a 2.1 mL final-volume expander. In the
case of 2 missing teeth, the mean virtual graft volume
was 1,469 mm3, suggesting that a 1.3 mL final-volume
expander would be the most suitable in this clinical situation. However, future studies focused on soft-tissue
expanders and their corresponding graft volumes are
needed to confirm these preliminary findings and the
benchmark values generated.
The results of this retrospective study should be interpreted with caution, as it has certain limitations. The
inclusion criteria for the analyzed CBCT scans, obtained from the same dental practice, were developed
for the purposes of utilizing prefabricated grafts, and
thus, our findings are not generalizable. As this was a
pilot investigation, only areas with a free-end saddle
were evaluated, thus excluding bounded saddle areas
consisting of a missing second premolar and missing
first molar. Therefore, further studies, also with larger
sample sizes, are still needed.

mentation protocol: pre-augmentation STE technique,
followed by regeneration with prefabricated grafts.
This protocol could facilitate bone augmentation procedures for clinicians and decrease patient morbidity,
especially in the case of complex defects.
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Legends
Appearance of different Cawood and Howell
classes on CBCT scans “Courtesy of Saavedra-Abril
J A, Balhen-Martin C, Zaragoza-Velasco K, et al.
Dental multisection CT for the placement of oral implants: Technique and applications. Radiographics
2010;30:1975-1991” Reference 16. Figure is used by
permission of RSNA (Radiological Society of North
America).

Fig. 1 –

Conclusion
Class V atrophy was the most common among the
C&H classes that require bone augmentation in the
right mandible and among females and the older age
group. Virtual regeneration of Class V defects suggested the possibility of 3 clusters of bone grafts, depending on the number of missing teeth. Further studies are
needed to evaluate the adaptation ratio between the
virtual and actual grafts to conclude whether the grafts
need minor or major shaping and modification at chairside before clinical application. Moreover, the current
findings might help in developing a 2-step bone aug-

Creation and positioning of virtual bone grafts
using OS3D 2.0 software.

Fig. 2a –

Fig. 2b – Virtual placement of dental implants using the
software as guidance for virtual graft reconstruction of
a Cawood and Howell Class V.
Fig. 3 – Pre-augmentation soft-tissue expansion technique (with permission of osmed, Ilmenau, Germany).
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