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In the first three months following tooth loss, 30% of 
the width of the alveolar bone is lost, and at one year, 50% 
of the total is lost, mostly affecting the vestibular plate 
[5].

This bone loss is compounded by the maxillary sinus 
pneumatization that accompanies the aging process, so 
the height of the alveolar crest is also significantly modi-
fied [6]. Both of these described processes lead to limita-
tions in implant placement, requiring sinus lift surgeries. 
The incidence of these treatments varies according to 
different authors, but their frequency is increasing [7, 8]. 
The maxillary sinus lift procedure was first described by 
Boyne and James and subsequently modified by various 
authors [9].

It was Tatum in 1986 who described the surgical lat-
eral window procedure for performing maxillary sinus 
lift [10], and Summers who introduced variations in the 
technique using different osteotomes and applying a 
sequential protocol [11]. The anatomical variability of the 

Introduction
Sinus lift surgeries for implant placement have become 
part of daily practice, with minimally invasive procedures 
improving postoperative symptoms [1, 2].

The anatomical characteristics of the working region 
largely determine the success of the surgical procedure, 
so it is necessary to resort to radiological tests, with 
CBCT being the first choice, which provides the maxi-
mum amount of information possible to proceed with 
adequate planning for each case [3, 4].
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Abstract
Sinus lift surgeries are part of the daily practice of dentists. This study evaluates the long-term structure of the bone 
placed in sinus lifts through the fractal dimension. We conducted a retrospective study on a sample of 35 patients 
with 51 sinus lifts performed using a lateral window approach and filling material placement. We radiologically 
analyzed the graft bone to observe its evolution up to one and a half years after the surgical procedure. The 
obtained results were the average area of the sinuses analyzed was 1401.96 mm2, with a mean area occupied by 
the filling material of 297.75 mm2. Significant differences are observed when comparing the fractal dimension 
values obtained on the initial day and one year after prosthesis loading. Similarly, when comparing the values of 
the area occupied by the biomaterial at the start day and one year after prosthesis loading, significant differences 
are also obtained (p-value < 0.001). In conclusion, the filling material used in the lateral window sinus lift procedure 
undergoes significant resorption and shows changes in the fractal dimension.
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maxillary sinus in both volume and septa that divide it 
makes it necessary to analyze these factors and take them 
into account in the planning of the procedure [12, 13].

The material of choice as a filling material has always 
been autologous bone, which benefits bone regeneration 
processes to a greater extent, but presents complications 
derived from autografts such as scarcity and resorption. 
Therefore, there has been a tendency to use biomaterials 
with osteoconductive properties [14, 15].

From the point of view of analyzing the quality of the 
bone that forms after these surgical procedures, many 
techniques have been used, including fractal dimen-
sion calculation [16, 17], since it allows comparing the 
obtained bone with the patient’s bone. The fractal dimen-
sion is a mathematical invariant that allows the quantita-
tive analysis of the texture of certain geometric structures 
with a fractal pattern [18].

The main objective of our study was to retrospectively 
evaluate the bone pattern of the bone formed in sinus 
lifts with immediate implant placement in the long term, 
using fractal dimension value as a measure. At the same 
time, we analyze the volumetric changes obtained in the 
filling material by studying certain anatomical values.

Material and method
Analysis of the sample
The sample consists of a total of 35 patients, of which 
12 are women and 23 are men. Bilateral maxillary sinus 
elevation was performed in 16 patients (32 sinus), and 
unilateral elevation was performed in 19, with 40 cases 
on the right maxillary sinus and 11 on the left maxillary 
sinus. The inclusion criteria were:

1. Edentulous patients in the maxillary sinus area with 
atrophy starting from 2 to 5 mm.

2. Patients with no diseases that affect bone metabolism 
and systemic conditions that affect healing, such as 
diabetes.

3. Smoking and non-smoking patients without sinus 
pathology.

4. Patients without infectious foci in the area are to be 
treated.

5. High-quality radiological images, and 
orthopantomographic projections. All patients 
were informed of the type of treatment they would 
undergo and the possible complications that could 
arise from it, as well as the possibility of withdrawing 
from the study at any time.

6. All subjects gave informed consent to participate.

Surgical procedure
The same surgeon always performed the surgical proce-
dures and followed the same protocol, according to the 
procedure described by Tatum:

1. Lateral window with external approach without 
breaking the Scheridian membrane, creating a space 
in the sinus floor.

2. Filling the generated space with biomaterial, 
Endobone® (Zimmer Biomet, Palm Beach Garden, 
Florida, USA).

3. Placement of membrane, Collagen membrane 
30 × 40 mm: BioMend® (Zimmer Biomet, Palm Beach 
Garden, Florida, USA).

4. Placement of implants, Biomet 3i (Zimmer Biomet, 
Palm Beach Garden, Florida, USA).

Radiological procedure
All panoramic radiographs were taken using the same 
digital panoramic radiography system (Vatech, Madrid, 
Spain). The radiological images obtained were orthopan-
tomography, always following the same procedure:

a. Diagnostic radiology at the beginning, before the 
surgical phase.

b. Surgical radiology with the surgical procedure 
performed and the implant placed.

c. Post-surgical radiology, with the implant loaded after 
6 months. This image was obtained one and a half 
years after the surgical procedure.

Image analysis
All panoramic radiographs were performed using the 
same digital panoramic radiography system (Vatech, 
Madrid, Spain).

For the processing and analysis of the images, we 
worked with ImageJ (National Institutes of Health).

We established a study ROI in the maxillary sinus, in 
which we proceeded to calculate:

a. ANGLE - resulting in degrees of the implant axis 
with the anteroinferior and posteroinferior points of 
the anterior and posterior tables of the sinus.

b. OCCUPIED AREA - the area generated by 
introducing the graft material in mm².

c. TOTAL AREA - the total area occupied by the sinus 
in mm².

d. EXCESS AREA - By tracing a line from the 
posteroinferior point of the posterior table to 
the anterior nasal spine (ENA) point in mm², we 
delimited the area occupied in its upper level about 
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the apex of the implant and measured the excess 
graft material.

Fractal dimensión values
Radiological processing is performed according to the 
White and Rudolph method for radiographic images [19].

We performed a segmentation of the area under study, 
where the bone-filling material is located. We eliminated 
all artifacts that could affect the calculation of the fractal 
dimension (FD) or box-counting dimension.

We obtained two values of FD:
FRACTAL DIMENSION 1
- obtained in the implant placement radiography.
FRACTAL DIMENSION 2
- obtained in the radiography with prosthetic loading. 

The steps to follow for the image processing treatment 
can be observed in Fig. 1.

Statistical analysis
Data were analyzed using the SPSS 20.0 statistics pro-
gram (SPSS Inc, Chicago, IL, USA). A descriptive study 
was made of each variable. The Kolmogorov-Smirnov 
normality test and Levene variance homogeneity test 
were applied, and the data showed a normal distribu-
tion and were analyzed using parametric tests. The asso-
ciations between the different qualitative variables were 
studied using Pearson’s chi-squared test. The associations 
between different quantitative variables were studied 

using the Student t-test for two related samples. Statisti-
cal significance was accepted for p ≤ 0.050.

Results
The total sample consisted of 35 patients with a mean 
age of 52.94 years, of whom 23 were men and 12 were 
women. The variables studied were: tobacco use, alco-
hol consumption, brushing frequency, and bone-related 
pathologies. The analysis of all of them can be seen in 
Table 1.

Regarding the number of implants placed, there were 
72 with the characteristics described in Table 2.

Of the sinus lifts performed were 51, of which 19 were 
unilateral and 16 were bilateral (32). The average area of 
the sinuses analyzed was 1401.96 mm2, with a mean area 
occupied by the filling material of 297.75 mm2 (Table 3).

Significant differences are observed when comparing 
the fractal dimension values obtained on the initial day 
and one year after prosthesis loading. Similarly, when 
comparing the values of the area occupied by the bioma-
terial at the start day and one year after prosthesis load-
ing, significant differences are also obtained (Table 4).

Discussion
In the realm of assessing surgical success, bone den-
sity values have emerged as a prominent indicator. This 
parameter can be evaluated using various techniques, 
with the fractal dimension standing out as a cost-effec-
tive option. A notable study by Scaf de Molon et al. [17] 

Fig. 1 Description of the image analysis process to obtain fractal dimension values:1. Selection of the area to analyze; 2. Marking and segmentation of 
the region of interest (ROI); 3. Delimiting the ROI and creating a mask for cropping; 4. Thresholding to 255 and binarization; 5. Refinement through erosion 
and dilation to calculate the fractal dimension value
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delved into the analysis of grafted bone structure in max-
illary sinus lifts through the prism of fractal dimension. 
Intriguingly, their findings diverged from our study, as 
they did not identify significant disparities in values six 
months post-surgery.

The rehabilitation of the posterior maxillary sector 
often leans toward lateral windows with filling material, 
a preferred treatment choice. Yet, alternative avenues 

like the indirect sinus lift technique, involving osteotome 
expansion and short implant placement, as well as inno-
vations like zygomatic implants [20], have broadened 
the therapeutic spectrum. A remarkable innovation by 
Menassa G. et al., the graftless lateral sinus lift approach 
(GLSLA), has garnered attention. This method advocates 
for the lateral window technique without filling material 
and has exhibited success in promoting implant osseoin-
tegration [21]. Another option would be the use of mini-
mally invasive techniques for maxillary sinus elevation 
with the placement of implants and filling material, such 
as the study carried out by Zadrożny Ł et al. where they 
found that this technique reduces the number of inter-
ventions in the patient with good results [22].

Within our study framework, the lateral window with 
filling material emerged as the treatment of choice, result-
ing in a staggering 100% success rate after a year and a 
half. This achievement was anchored by optimal implant 
and filling material osseointegration. An interesting 
twist is presented by Cosola S. et al., who proposed the 

Table 1 Characteristics of the study population
Characteristics Patients with sinus floor elevation

(n = 35)
Age: mean ± SD* 52.94 ± 10.13
Sex: n (%)
Male
Female

23 (65.71)
12 (34.29)

Smoking behaviour: n (%)
Non-smoker
≤10
11–20
>20

22 (62,85)
9 (25.71)
4 (11.44)
0 (0)

Alcohol consumption: n (%)
None
Daily
Weekend drinker

17 (48.58)
0 (0)
18 (51.42)

Tooth brushing: n (%)
1/day
2/day
≥3/day

2 (5.73)
15 (42.85)
18 (51.42)

Diseases: n (%)
Arthrosis
Venous thrombosis
Osteoporosis
Anaemia
Arterial hypertension
Diabetes mellitus type II
Hypercholesterolemia

1 (2.85)
1 (2.85)
1 (2.85)
1 (2.85)
2 (5.71)
1 (2.85)
1 (2.85)

* SD = standard deviation

Table 2 Implant distribution
Characteristics Total (n = 72)

n (%)
Length
8.5 mm
10 mm
11.5 mm

34 (47.22)
25 (34.72)
13 (18.06)

Diameter
3.25 mm
4.00 mm
5.00 mm

31 (43.05)
34 (47.22)
7 (9.73)

Site
1.4
1.5
1.6
1.7
2.4
2.5
2.6
2.7

2 (2.68)
7 (9.73)
20 (27.77)
7 (9.73)
4 (5.55)
9 (12.50)
17 (23.71)
6 (8.33)

Table 3 Characteristics of maxillary sinus lift
Characteristics
lift

Maxillary 
sinus
(n = 51)

Unilateral/Bilateral: n (%)
Unilateral
Bilateral

19 (37.26)
16 (62.74)

Right/Left: n (%)
Rights
Left

40 (78.43)
11 (21.57)

Opposing dentition: n (%)
None
Natural teeth
Metal-porcelain

2 (3.93)
29 (56.86)
20 (39.21)

Total sinus area before surgery (mm2): mean ± SD*

449.74
1401.96 ±

Sinus area occupied by biomaterial on day 0 (mm2): 
mean ± SD
137.74

297.75 ±

Implants angle on maxillary sinus (degrees): 
mean ± SD

84.14 ± 8.86

*SD = standard deviation

Table 4 Changes in biomaterial area above the apex of dental 
implant and fractal dimension between day 0 and 1 year after 
loading (student t-test)
Characteristics value Day 0

mean ± SD*
1 year 
after load-
ing p-
mean ± SD

Biomaterial area above the apex 
of dental implant
< 0.001

111.04 ± 62.51 98.33 ± 56. 
01

Fractal dimension
< 0.001

1.78 ± 0.04 1.71 ± 0.04

*SD = standard deviation
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sinus elevation technique but in this case with a crestal 
approach but employed absorbable collagen instead of 
traditional filling material. Their histopathological analy-
sis after six months showcased well-structured bone, sur-
passing the initial structure’s quality [23].

Additionally, Comuzzi L. et al. delved into dimensional 
changes during the resorption process using varied filling 
materials. They deduced that once the remodeling pro-
cess stabilizes, bone alterations are minimal. Our exami-
nation of bone loss through occupied area assessments 
echoed their findings, revealing significant disparities 
between initial values and those recorded after a year and 
a half. This underscores the conclusion that filling mate-
rial evolution is a gradual process, leading to apical and 
lateral loss around the implant.

The realm of maxillary sinus augmentation was also 
explored by Trindade-Suedam I. et al., who employed two 
groups of mice to investigate the combination of autog-
enous bone graft and bioglass alongside leukocyte-poor 
platelet-rich plasma for maxillary sinus augmentation. 
Their study yielded significant differences in bone den-
sity and fractal dimension values. Notably, despite the 
absence of a direct correlation between histological and 
radiological values, both proved valid indicators of tra-
becular architecture formation [24]. This aligns with our 
study’s observations of bone structuring over time, mir-
roring the characteristic distribution of septa and trabec-
ular spaces.

Furthermore, Comuzzi L. et al. contributed a com-
prehensive three-year retrospective analysis of implants 
placed in maxillary sinus lateral windows, exploring vari-
ous filling materials and implant attributes. Their findings 
underscored the critical role of design in determining 
surgical success rates [25, 26]. This echoes the signifi-
cance of meticulous implant attributes in achieving opti-
mal outcomes.

Entrenching itself as a crucial facet of our discussion, 
the dimension fractal assumes paramount importance 
as a diagnostic tool for analyzing the intricate changes 
within the trabecular bone. This metric offers a unique 
vantage point, allowing us to decipher not only the extent 
of bone resorption but also the underlying restructur-
ing processes. By harnessing the power of fractal dimen-
sion analysis, researchers and clinicians can gain deeper 
insights into the temporal evolution of bone architec-
ture, aiding in the early detection of structural shifts that 
might otherwise go unnoticed through conventional 
radiographic assessments. This facet of fractal dimension 
analysis holds the promise of enhancing our capacity to 
monitor bone health, contributing to the fine-tuning of 
surgical interventions and treatment strategies for max-
illary sinus augmentation and implant osseointegration 
[27, 28].

Paradowska-Stolarz A. et al. conclude that the inte-
gration of fractal dimension and texture analysis into 
the study aligns with the broader understanding of bone 
structure changes over time. They employ fractal dimen-
sions to analyze diverse materials, discerning the inher-
ent discrepancies among them. The fractal dimension 
emerges as a valuable, straightforward, and cost-effective 
parameter, furnishing diagnostic insights and guiding cli-
nicians in the prudent selection of suitable materials.

One of the limitation of this study is the lack of com-
parable studies in the existing literature. The absence of 
similar previous research makes it difficult to directly 
compare our findings and limits the context in which the 
results can be interpreted. While this underscores the 
novelty of our work, it also highlights the need for future 
research to explore this topic further, enabling more 
robust comparisons and validation of our findings.

Conclusions
In summation, our findings substantiate that the filling 
material employed in the lateral window sinus lift proce-
dure experiences substantial resorption, a process that, 
notably, attains stabilization within one year under the 
influence of loading forces. However, the narrative does 
not merely encapsulate a singular trajectory of resorp-
tion. The dynamic dimension of fractal analysis uncovers 
an additional layer of complexity, shedding light on the 
nuanced interplay between resorption and a captivating 
phenomenon of structural restructuring. This intricate 
orchestration of events culminates in the remarkable 
recomposition of the trabecular framework, merging into 
a definitive meshwork that harmonizes with the initially 
dense osseous substrate. In essence, our exploration por-
trays a multi-faceted transformation, wherein the filling 
material’s evolution is marked not only by resorption but 
also by the orchestration of a structural symphony. This 
choreography befits the ultimate constitution of the tra-
becular architecture within the originally compact bone 
matrix.
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