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Abstract 
Background: The success of dental implants largely depends on the quantity and quality of available bone. Occasio-
nally, it is necessary to perform additional surgical techniques alongside implant placement to increase the available 
bone volume and ensure the success and survival of treatments. The objective of this study was to evaluate, through 
cone beam computed tomography, the need for supplementary bone augmentation methods in implant placement. 
Additionally, the study aimed to assess the frequency of such techniques based on gender, anatomical sectors, and 
types of bone augmentation procedures.
Material and Methods: The analysis included 106 cone beam computed tomography images obtained from 77 
patients over the age of 18 who sought oral rehabilitation with implants at the University Clinic of the Master’s 
Program in Oral Implantology at the European University of Valencia.
Results: A total of 201 edentulous sextants were analyzed. It was observed that 63.68% of the sextants required a 
bone augmentation technique, and there was a statistically significant difference (p=0.039) regarding the need for 
supplementary techniques in women. The need for bone augmentation by sectors was most prevalent the horizontal 
type (48.11%) and in the mandible (29.41%). About crestal and lateral approaches for sinus elevation, there was 
a higher need for the lateral technique (49.38%), and a statistically significant difference was evident (p=0.015).
Conclusions: A high frequency of bone augmentation need for implant placement was demonstrated. It was shown 
that some form of supplementary surgical method was required in implant placement (63.68%). The highest need 
for bone augmentation was observed in the posterior maxillary sector, primarily in the vertical type (29.27%), ac-
companied by lateral window sinus elevation technique (49.38%).
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Introduction
The success of dental implants largely depends on the 
quantity and quality of available bone in the jaw or 
maxilla. Ideally, the implant should be surrounded by 
bone, and the distance between the vestibular wall and 
the implant (PV-I) should measure between 1 and 2 mm 
to ensure adequate support (1,2). It is also advisable to 
consider the bone resorption phase, so a PV-I distance of 
at least 4 mm is recommended for immediate implants 
to ensure the maintenance of a 2 mm thickness of the 
vestibular plate after the osseointegration phase (3).
To achieve these parameters and simultaneously get an 
ideal surgical and prosthetic positioning of the implant, 
it is occasionally necessary to perform supplementary 
procedures involving some form of graft or additional 
technique to enhance the size and/or density of the area 
to be rehabilitated. Among the most common surgical 
methods are guided bone regeneration (GBR), block 
bone grafting (BBG), maxillary sinus lift, and alveolar 
preservation (4). Additionally, techniques like the Split 
Crest or osteogenic distraction may be employed.
Currently, the use of cone-beam computed tomography 
(CBCT) has become a diagnostic and planning tool in 
various branches of dentistry (5). CBCT allows us to 
reduce complications and enhance surgical safety as it 
enables us to pre-evaluate available bone volume and 
select the appropriate implant dimensions (6). Accor-
ding to Carter et al., more than 59% of private practices 
utilize CBCT in routine preoperative planning for den-
tal implants as a pre-surgical assessment of the need for 
complementary surgical techniques (7).
Assessing the frequency of the need for supplementary 
surgical methods alongside dental implant placement is 
a crucial aspect of clinical practice, as well as in the re-
search and development within the field of dentistry at 
the university level. Therefore, this study aims to quan-
tify the need for additional bone augmentation (BA) te-
chniques during the placement of implants in edentulous 
sextants. Likewise, it seeks to evaluate whether there is a 
gender-based difference in the need. Additionally, it will 
explore whether there is a greater need in the maxillary 
or mandibular sectors. Similarly, it will assess which 
areas require horizontal, vertical, or combined bone 
augmentations the most, and determine how many sex-
tants require sinus lift with crestal or lateral techniques 
in patients seeking implant-prosthetic rehabilitation in 
the Master’s program in Implants at the European Uni-
versity of Valencia.

Material and Methods
- Study Design and Sample
This study followed a retrospective cross-sectional de-
sign. The analysis of cone-beam computed tomography 
(CBCT) images was conducted on patients aged 18 and 
older who sought oral rehabilitation with dental implants 

at the European University in Valencia from September 
2022 to March 2023. The collected sample size com-
prised 77 patients from whom 106 CBCT scans were 
obtained, encompassing 201 edentulous sextants.
- Ethical Considerations
The study received approval from the European Univer-
sity`s Research Committee (Ref. CIPI/23.163) (Annex 
1). Additionally, the collection of tomographs was au-
thorized by the Director of the Clinical Department of 
Dentistry (Annex 2).
- Collection of Cone-Beam Computed Tomography 
Scans
The entire sample was collected at the University Den-
tal Clinic of the European University in Valencia. CBCT 
scans were taken from patients aged 18 and older who 
came in for implant evaluations and had at least one 
sextant with a missing tooth. Edentulous patients were 
excluded from the sample.
- Implant Planning and Data Recording
Data collection commenced by exporting all CBCT 
scans that met the selection criteria of the University 
Clinical Center. Once the sample was gathered, analysis 
was conducted by the same single individual in an envi-
ronment with minimal noise and external light, utilizing 
a laptop with a screen resolution of 1920 x 1080 to opti-
mize image quality.
Implant planning was carried out using “BlueSkyPlan®” 
software from Blue Sky Bio, which allowed for subse-
quent determination of which implants would require 
bone augmentation techniques through direct measure-
ments. Information was recorded using a data collection 
form, assigning a unique number to each form and ente-
ring patient data.
Once the image was loaded into the program, a panora-
mic curve was traced from the axial plane, edentulous 
areas were identified, and prosthetic planning was per-
formed. Implant positions were determined accordingly. 
Following the schema proposed by Al-Johany et al. (8), 
a standard diameter ranged from 3.75 mm to less than 5 
mm, and a standard length ranged from 10 mm to less 
than 13 mm. Consequently, implants of 4 mm x 10 mm 
were planned, ensuring a minimum distance of 2 mm 
between the implant and adjacent teeth, and 3 mm in the 
case of two adjacent implants (9). From a sagittal view, 
subosseous implants were positioned, and if possible, a 
minimum of 2 mm distance between the implant and the 
vestibular bony wall was maintained (2,3). Additionally, 
in mandibular cases, the inferior alveolar nerve pathway 
was traced, and at least 1 mm distance between the nerve 
and the implant was observed (10). Taking this into ac-
count, horizontal bone regeneration was indicated if the 
vestibulo-palatal/lingual distance was less than 7 mm 
or, in cases with sufficient width but necessitated due 
to prosthetic positioning of the future crown and bone 
defect, bone augmentation was deemed necessary. The 
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ABC classification of Wang et al. (11) was employed 
to determine the need for vertical bone regeneration 
when the bone-to-amelocemental line distance exceeded 
3 mm. In cases where both horizontal and vertical de-
fects were observed, combined bone regeneration was 
indicated. Likewise, the ABC classification was used to 
determine the need for sinus lift and whether it should 
be performed using a crestal or lateral approach, based 
on residual bone height of at least 6 mm, or a lateral 
window approach if otherwise.
- Data Analysis
Data analysis was conducted using RStudio 4.3.0® sta-
tistical software. Firstly, proportions of categorical va-
riables were calculated. Subsequently, the association 
between the need for additional techniques by sextants 
and the comparison of sinus lift necessity were determi-
ned using the Chi-square test. Lastly, Fisher’s Exact Test 
was used to associate different types of bone augmenta-
tions with posterior and anterior sectors.

Results
A total of 106 cone-beam computed tomography scans 
from 77 patients were selected and analyzed, encompas-
sing 201 edentulous sextants.

Characteristics n %
Age a 59 (49-66)
Sex b Female 37 48.05

Male 40 51.95
Need or bone augmentation

Yes 128 63.68
No 73 36.32

Table 1: Tomographic and Sociodemographic Characteristics of the 
Study Population. (N=201 edentulous sextants).

(a) Median and IQR
(b) N=77, total number of patients

Table 1 presents the sociodemographic characteristics 
of the study population. 51.95% of the scans were from 
male patients, and the overall median age was 59 years. 
Regarding tomographic characteristics, it was observed 
that 128 (63.68%) of the sextants required a bone aug-
mentation technique for implant placement.
In Table 2, sextants 1-3 and 4-6 are grouped, resulting 
in 4 subgroups: posterior maxilla, anterior maxilla, pos-
terior mandible, and anterior mandible. The aim was 
to establish the relationship between tomographic and 
sociodemographic characteristics and the need for bone 
augmentation techniques. When comparing by gender, it 
was found that out of 95 sextants from female patients, 
68 (71.58%) required some form of bone augmentation, 
while 27 sextants (28.42%) did not. The associated p-va-
lue for this relationship is 0.039, indicating a statistically 
significant difference between genders in terms of the 
need for bone augmentation. When comparing sectors, it 
is observed that the area with the highest need for bone 
augmentation techniques is the posterior maxilla, with 
a total of 69 sextants. In contrast, the anterior mandible 
has the lowest need, with only 4 edentulous areas re-
corded. Finally, the need for bone grafts was compared 
between the anterior and posterior sectors, both upper 

Characteristics Need Ba No need BA P Value*
n % n %

Agea 59 (53-70) 61 (51-67) 0.105**
Sex
Female 68 71.58 27 28.42 0.039
Male 60 56.60 46 43.40
Posterior Maxila 69 84.15 13 15.85 <0.001
Posterior Mandible 44 51.76 41 48.24
Anterior Maxila 11 50 11 50 0.566
Anterior Mandible 4 33.33 8 66.67

Table 2: Relationship between participant characteristics and edentulous sextants with the need for any bone augmentation 
technique (N=201)

(BA) Bone augmentation, (a) Median and IQR,
*p<0.050 Chi-Square Test, (**) p<0.050 Wilcoxon Test
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and lower, obtaining p-values of 0.566 and <0.001, res-
pectively, with the latter being statistically significant.
In Table 3, a detailed analysis of the frequency of each 
type of bone augmentation in both the posterior and 
anterior sectors was performed. It was found that hori-
zontal bone augmentation was the most prevalent type, 
accounting for 48.11% of the total cases. Second in pre-
valence was vertical augmentation at 26.42%, followed 
by combined augmentation at 25.47%.
When comparing the need for horizontal bone augmen-
tation in the posterior sectors, it was observed that the 
mandible required a higher percentage of bone augmen-
tations, at 29.41%, while in the maxilla, it was 17.07%. 
Similarly, combined bone augmentation was found to 
be necessary in 20% of the lower posterior edentulous 
areas, compared to 8.54% in the upper areas. This diffe-
rence proved to be statistically significant (p=0.046). In 
contrast, vertical bone augmentations were more preva-
lent in the posterior sectors of the maxilla, representing 
29.27%. Furthermore, this difference was statistically 
significant, with a p-value of 1.86e-05.
On the other hand, in the anterior sectors, bone augmen-
tation, besides having a small sample size, showed no 
statistically significant differences in any of the compa-
risons between sextant 2 and sextant 5.

Characteristics Post Mx Post Mn Ant Mx Ant Mn
n=82 % n=85 % p value n=22 % n=12 % p value Total %

Horizontal BA
Yes 14 17.07 25 29.41 0.068 9 40.91 3 25 0.465 51 4.11
No 68 82.93 60 70.59 13 59.09 9 75
Vertical BA
Yes 24 29.27 4 4.71 <0.001 0 0 0 0 1 28 26.42
No 58 70.73 81 95.29 22 100 12 100
Combined BA
Yes 7 8.54 17 20 0.046 2 9.09 1 8.33 1 27 25.47
No 75 91.46 68 80 20 90.91 11 91.67

Table 3: Comparison of the need for different types of bone augmentations between posterior and anterior sextants.

(Mx) maxila, (Mn) mandubila, (Post) Posterior, (Ant) Anterior, (Ba) Bone augmentation, p<0.050 fisher ś exact test

Characteristics Cresta Lateral p value*
n % n %

Need for sinus lift
Yes 24 29.63 40 49.38 0,015
No 57 70.73 41 50.62

Table 4: Comparison of the need for crestal and lateral sinus lift in the posterior 
maxilla (N=81).

p<0.050 fisher ś Chi-square Test

In Table 4, a comparison between crestal and lateral si-
nus lift procedures in the posterior sector was conduc-
ted. It was observed that crestal sinus lifts would be ne-
cessary in 24 (29.63%) edentulous sextants, while lateral 
window lifts in 40 (49.38%). This difference yielded a 
p-value of 0.015, indicating statistical significance.

Discussion
The purpose of this study was to evaluate the frequency 
of the need for surgical bone augmentation methods in 
addition to implant placement. Currently, implant place-
ment is generally determined based on restorative needs, 
which implies that multiple methods are performed to 
increase deficient alveolar bone and allow implant pla-
cement to accommodate the desired prosthesis (1).
For the analysis of variables, cone-beam computed to-
mography scans were used in patients who came for 
dental implant placement studies. Although implants 
have been used predictably and with high success rates 
in clinical practice for many years using different ima-
ging techniques, three-dimensional (3D) radiography 
using CBCT has become an established diagnostic te-
chnique in various dental applications, including dental 
implant surgery (12). This is because, in addition to bone 
dimensions and volumes, it provides precise data about 
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anatomical structures, bone defects, anatomical varia-
tions, pathologies, etc (13).
When evaluating the frequency of the need for comple-
mentary surgical methods in the study population, it was 
observed that at least one technique was necessary in 
63.68% of the total edentulous sextants. This result is 
similar to the one found in the study by Bornstein et al., 
(12) where out of a total of 1368, 60% required some 
type of bone augmentation procedure. However, other 
studies like those by Cha et al. and Caracaș et al. (14, 
15) reported lower percentages of 50.3% and 43.33%, 
respectively. The difference in results may be due, on 
the one hand, to the fact that the results of this study 
were based on planning with only 4x10 mm implants, 
while Cha et al. and Caracaș et al. do not specify the 
dimensions of the implants, which may mean that they 
used some shorter and narrower ones to avoid additional 
treatment. On the other hand, Ratnayake et al. (16) point 
out that there is an annual increase of 13% in bone graft 
procedures, including those in dentistry.
In this study, it was evident that the need for comple-
mentary surgical techniques in women (71.58%) was 
higher compared to men (56.60%), with a statistically 
significant difference between genders (p=0.039). This 
aligns with studies such as Caracaș et al., (14) which 
reported a higher frequency (61.5%) of biomaterial use 
in female cases. This could be attributed to the differen-
ce in bone development between women and men. Men 
reach their peak bone mass growth after women, which 
allows them to have higher bone density. Once this stage 
is reached, cortical thickness in women is similar or sli-
ghtly greater. However, periosteal apposition continues 
in both sexes, being more noticeable in men, while en-
dosteal resorption is more predominant in women. As a 
result, over time, women tend to experience bone loss at 
an earlier age and at a faster rate (17-19).
The total number of cases, both maxillary and mandi-
bular, requiring vertical bone augmentation was 28, of 
which 85.71% were required in the maxilla. This diffe-
rence was statistically significant. Similar results were 
found in the studies by Urban et al. and Funato et al. (20, 
21), with a prevalence of vertical GBR in the maxilla at 
85% and 73.68%, respectively.
When comparing the need between the two types of si-
nus lift approaches, a statistically significant difference 
was evident (p=0.015). Lateral sinus lift was necessary 
in 49.38%, while the indirect approach was only requi-
red in 29.63%. In a systematic review of the frequency 
of sinus anatomical variations, Ata-Ali et al. (22) men-
tioned that before the presence of septa, sinus pneuma-
tization is the most prevalent anatomical variation at 
33.2-58%, with increased osteoclastic activity in the 
periosteum of the Schneider membrane causing sinus 
expansion. Additionally, it is believed that additional 
positive pressure contributes to alveolar bone atrophy. 

In the posterior maxilla, soft type IV bone has little re-
sistance to these processes. As a result, vertical alveo-
lar bone height decreases in edentulous areas (23). This 
could be the reason why there is less residual bone in the 
posterior edentulous sectors and fewer crestal lifts are 
required compared to lateral lifts.

Conclusions
In this study, it was determined that at least one comple-
mentary technique to implant placement was required in 
63.68% of the evaluated edentulous sextants. Likewi-
se, the gender distribution was not balanced, as women 
(71.58%) have a predisposition over males (56.60%) for 
the need for bone augmentation.
The area that most required any of the complementary 
techniques was the posterior maxilla in 84.15% of the 
evaluated edentulous zones. Furthermore, these were 
more frequent in the maxilla than in the mandible.
The need for horizontal bone augmentation was the most 
prevalent at 48.11% compared to other forms of bone 
regeneration. Vertical AOs were more often registered 
as necessary in the maxilla. On the contrary, combined 
bone augmentation was more prevalent in the mandible.
In the evaluation of the posterior sectors of the maxilla, 
a greater need for lateral sinus lift (49.38%) was evident 
compared to the crestal approach (29.63%).
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