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ABSTRACT
Objective: To determine the bone height gain (BHG) achieved after sinus floor elevation (SFE) with osseodensification (OD).
Materials and Methods: Patients from an implantology learning center presenting one missing teeth in the posterior maxilla 
and insufficient residual bone height (RBH) were included. SFE with simultaneous implant placement was performed using 
Densah drills. Demineralized bovine bone mineral, hydroxyapatite+β-TCP, calcium phosphosilicate, and autologous leukoplake-
let fibrin were used as graft biomaterials. BHG was obtained by subtracting the implant length from the initial bone height.
Results: Sinus membrane perforation occurred in 4.8% of 144 cases. One hundred and thirty-seven patients were analyzed for 
BHG. RBH equaled 5.4 ± 1.8 mm, with 42 (30.7%) cases having < 5 mm. The average implant length (AIL) was 8.8 ± 1.1 mm, re-
sulting in a mean BHG of 3.4 ± 1.7 mm. BHG was significantly higher in cases with RBH < 5 mm (5.23 ± 1.45 mm) than ≥ 5 mm 
(2.62 ± 1.15 mm) (p < 0.001). Greater gains were observed in first molars (3.70 ± 1.72). Implant brand and graft type did not influ-
ence BHG. The survival rate of the implants reached 97% after 6 months of osseointegration.
Conclusions: OD with simultaneous implant placement was effective for SFE, applying a variety of implant brands and type of 
bone substitute, resulting in clinically relevant BHG, adequate AIL, and low complication rates.

1   |   Introduction

After tooth extraction in the posterior maxilla, significant alve-
olar crest atrophy and potential maxillary sinus pneumatization 
are expected. In such cases, sinus floor elevation (SFE) may be 
necessary to create sufficient vertical bone volume for planned 
osseointegrated implants [1–3]. In this regard, SFE has become a 
fundamental procedure in implantology to manage cases where 
there is insufficient residual bone height (RBH) in the poste-
rior maxilla for single or multiple implant placement. Various 
methodologies have been proposed, with the lateral window 

(LW) technique being the most commonly used and scientifi-
cally evaluated. This technique involves creating an osteotomy 
window in the sinus wall and carefully manipulating the mem-
brane to accommodate bone graft insertion [4, 5]. Another fre-
quently used approach is Summers' technique, which accesses 
the sinus through the prepared implant site, performing osteo-
tome sinus floor elevation (OSFE) with specific osteotomes and 
simultaneous implant placement, sometimes with associated 
graft materials [6–10]. Each technique offers distinct advantages 
and limitations, differing in terms of invasiveness, complexity, 
healing time, and success rates [11–15].
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While these techniques provide safe solutions for SFE, they 
still present significant challenges. The LW technique, despite 
its effectiveness and safety, may result in high morbidity due to 
the need for a large mucoperiosteal flap with associated verti-
cal incisions and the creation of a surgical window in the sinus 
wall. This can cause substantial bleeding during the procedure, 
postoperative discomfort, swelling, and potential complications 
such as delayed healing, bleeding, and infections [16–18]. The 
OSFE technique, which uses a hammer and osteotome to com-
pact bone and introduce graft material into the implant site, car-
ries the risk of excessive force application. This raises concerns 
about potential damage to adjacent structures, exacerbating 
postoperative discomfort and potentially impacting procedure 
success. Additionally, both the LW and OSFE techniques pres-
ent a risk of sinus membrane perforation (SMP) during the pro-
cedure. For instance, perforation rates of up to 40% have been 
reported for LW and 18% for Summers' technique. SMP can lead 
to complications, including sinus infections or graft failure, re-
quiring additional interventions and/or compromising proce-
dure success [18].

In recent years, the osseodensification (OD) technique 
emerged as an innovative method [19]. Unlike conventional 
techniques, OD comprises the use of specially designed drills 
to densify and compact bone during osteotomy preparation, 
optimizing regeneration and increasing bone density, thereby 
enhancing primary and secondary implant stabilities. OD is 
an additive osteotomy technique that does not involve exca-
vation. When OD burs are operated in a noncutting direction 
(counterclockwise-CCW) with sufficient irrigation, they gen-
erate a hydraulic wave at the point of contact, compacting and 
autografting bone into the trabecular space both apically and 
laterally [19]. In the context of SFE, OD offers a unique advan-
tage by simultaneously preparing the implant site, improving 
its initial stability, with initial clinical studies indicating rea-
sonable predictability [20]. Furthermore, when OD drilling 
protocol is applied near the sinus floor, the apical hydraulic 
compaction wave generated by the autogenous bone slurry ex-
erts controlled pressure on the Schneiderian membrane. This 
pressure causes the membrane to elevate the sinus, accom-
panied by autografts that are placed between the membrane 
and the sinus floor. Nevertheless, the biological principles of 
OD still need to be clinically evaluated in a larger number of 
patients and the occurrence of trans- and pos-operative com-
plications. For instance, one retrospective study demonstrated 
minimal SMPs and a cumulative implant survival rate of 97% 
after follow-ups of up to 64 months [20]. Additional data re-
garding the effectiveness of OD for SFE in terms of vertical 
bone gain and final implant length that may be achieved are 
also lacking. Therefore, this study aimed to evaluate the ef-
ficacy of OD in SFE with simultaneous implant placement 
using different types of implants and graft materials.

2   |   Materials and Methods

2.1   |   Study Sample

This retrospective clinical study included patients treated and 
followed up at a private Implantology and Periodontics center 
(Implanteperio, São Paulo, Brazil). Patients with one or more 

missing teeth in the posterior maxilla requiring dental implants 
and presenting insufficient RBH were included. All patients 
were treated between October 2018 and October 2023, receiv-
ing SFE using the OD technique followed by implant placement. 
Inclusion criteria were as follows: age ≥ 18 years; systemically 
healthy; absence of one or more teeth in the posterior maxilla; 
minimum RBH of 1 mm below the sinus floor. Exclusion criteria 
included the following: age < 18 years; uncontrolled or untreated 
periodontal disease; pregnant or lactating women; history of al-
coholism or drug abuse in the past 5 years; uncontrolled hyper-
tension or diabetes; maxillary sinus pathologies; patients with 
malignant tumors; patients using bisphosphonates or daily ste-
roids; patients with a history of chemotherapy or radiotherapy 
in the past 5 years.

2.2   |   Interventions

All surgical and prosthetic procedures were performed by four 
Periodontics and Implantology specialists with a minimum of 
5 years of OD experience, following standardized techniques. 
All SFE surgeries were performed with simultaneous implant 
placement. All participants received prophylactic antibiotic 
therapy before surgery (2 g of amoxicillin 1 h before surgery). 
Patients rinsed with a chlorhexidine digluconate solution (0.12%) 
for 1 min before starting the procedure. All surgeries were per-
formed under local anesthesia with 4% articaine hydrochloride 
with epinephrine (1:100000). A full-thickness mucoperiosteal 
flap without vertical incisions was elevated to expose the al-
veolar crest, assisted by intrasulcular incisions on the adjacent 
teeth. The implant site was prepared with Densah drills (Versah 
LLC, Jackson, MI, USA) rotating counterclockwise at 1200 rpm 
with abundant irrigation, according to the manufacturer's in-
structions (described in the Densah Sinus Elevation Protocols 
I, II, and III provided by Versah). The protocol of the man-
ufacturer indicates that up to 3 mm of autograft bone may be 
achieved in residual ridges with a height of 6 mm or more, sug-
gesting that there is no need for the use of additional bone sub-
stitute for sinus lifting. However, in this study, the use of bone 
substitute was deemed necessary independently of the RBH as 
a clinical criterion during the drilling process. Therefore, when 
the use of a bone substitute was deemed necessary, each opera-
tor chose the type of graft to be used according to the availability 
at the study center; therefore, a great variability of biomaterials 
were used over the study period including demineralized bovine 
bone mineral (Bio-oss, Geistlich, Switzerland and Bone fill mix, 
Bionnovation, Brazil), 70% hydroxyapatite/30% β-TCP (Plenum 
oss, Plenum Bioengenharia, Brazil), calcium phosphosilicate 
(NovaBone, USA), and autologous leukoplakelet fibrin (L-PRF) 
in combination with some bone substitute.

In cases where only autograft was used, after selecting the 
ideal implant for the site, the drilling sequence was deter-
mined and used counterclockwise at 1200 rpm with irrigation 
until reaching the sinus floor, following the ideal sequence 
until gently breaking through the cortical bone. The original 
protocol of the manufacturer suggests for a 1-mm increment 
entry up to 3 mm beyond the sinus floor to lift the membrane; 
nevertheless, in this study, the entry in the sinus did not ex-
ceed 1 mm after reaching the sinus membrane, as a choice of 
the researchers. The drill depth was periodically checked by 
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digital periapical radiographs to confirm that autogenous bone 
derived from the osteotomy was pushed apically. Sequentially 
larger drills were used similarly to continue the SFE process, 
adding more autogenous bone to the sinus cavity with digi-
tal radiographic verification for final BHG (bone height gain) 
measurement. Afterward, the selected implant was inserted 
followed by another radiograph to check for the presence of 
autogenous bone above the implant apex.

In cases where graft materials were used, the previous steps 
were conducted until reaching the desired drilling width, 
and the graft material was placed in the osteotomy site, and 
then the last drill used to prepare the osteotomy was rotated 
counterclockwise at 50 rpm without irrigation to push the 
graft apically toward the sinus. The validated protocol of the 
manufacturer indicates that a 100–150-RPM speed rotation 
should be used; however, in this study, we reduced the speed 
for graft insertion in the sinus to 50 RPM due to different par-
ticle shapes of the graft materials used, minimizing the rup-
ture of the membrane. This movement was repeated until the 
desired SFE was achieved, and a digital radiograph was taken 
to verify that the bone graft did not cause rupture of the mem-
brane. Then, the implant was installed followed by another 
radiograph to verify the presence of graft material above the 
implant apex.

In clinical situations where RBH was between 1 and 3 mm, no 
pilot drill and narrower Densah drills (2.0 and 2.3) were used. 
The Densah drill used to advance beyond the sinus floor and 
push the graft material was chosen based on the diameter 
of the implant selected for the site, following the same graft 
pushing protocol and radiographs after the graft and implant. 
Interrupted sutures were performed with a 5–0 nylon thread 
and were removed after 7–10 days.

The implant platform choice was determined according to the 
region of the tooth to be rehabilitated: molars received implants 
with a minimum diameter of 4.0 mm, and premolars received 
implants with a minimum diameter of 3.3 mm. A variety of im-
plant brands were available at the center over the time of the 
study conduction, and no specific criteria were defined a priori 
to choose one brand or another. The implant length was deter-
mined using the radiograph taken after the end of graft inser-
tion. This radiograph allowed us to estimate the amount of graft 
pushed apically, and the implant length defined was always at 
least 1 mm shorter than the measured height value.

Direct membrane integrity was visually checked clinically 
during the surgery under magnification using 3.3x dental loupes 
in every preparation step [21]. An intact membrane showed a 
grayish and reflective shadow, without discontinuity. A dark 
spot/hole indicated a perforation, which could range from a 
small tear to a complete perforation involving the entire osteot-
omy circumference [22]. In cases of membrane perforation, nor 
sinus grafting, nor implant placement was performed, interrupt-
ing the surgery closing the flap and scheduling a new surgical 
approach after at least 3 months. Participants were instructed to 
use an ice pack for the first 24 h and rinse with 0.12% chlorhex-
idine digluconate solution twice daily for 7–10 days. Antibiotics 
were prescribed for all patients postoperatively (875 mg of amox-
icillin every 12 h for 7 days). For postoperative pain control, 

patients were instructed to take 100 mg of nimesulide every 12 h, 
supplemented by 500 mg of paracetamol for pain spikes.

Implants underwent osseointegration for a minimum of 
6 months. Implant reopening was performed by the same four 
operators with local anesthesia and a small full-thickness flap. 
Osseointegration was assessed at the time of cover screw re-
moval. Figure 1 describes one of the cases of the study.

2.3   |   Data Collection

All patients underwent tomographic examination before treat-
ment. DICOM files were obtained from all patients for RBH 
measurement in the central section of the edentulous area to 
receive the implant. Data on age, sex, average implant length 
(AIL), graft type, implant brand, implant dimensions (diameter 
and length), and intraoperative or postoperative complications 
were collected. The primary outcome of this study was BHG, 
considering the initial residual bone in relation to the final in-
stalled implant length. BHG was obtained by subtracting the im-
plant size from the RBH.

2.4   |   Ethical Aspects

This retrospective analysis followed the principles of the 
Declaration of Helsinki of the World Medical Association. All 
patients treated at the research center provided consent for data 
use, maintaining their records and individual data always con-
fidential. This study was reviewed and approved by the Ethics 
Committee of the São Leopoldo Mandic College.

2.5   |   Data Analysis

Statistical analyses were performed using Stata software (Stata 
version 14 for Macintosh, Texas USA). The individual was the 
unit of analysis. The significance level was set at 5%. The pri-
mary outcome (BHG) was expressed as mean and standard de-
viation. Comparisons were performed using the independent 
samples t-test and one-way ANOVA with the Bonferroni post 
hoc test. BHG was compared according to sex, age, implant 
location, implant platform, and RBH. Stratified analysis was 
performed by dichotomizing the sample into RBH < 5 mm and 
≥ 5 mm. Multiple linear regression was applied to evaluate the 
association of these variables with BHG.

3   |   Results

A total of 144 patients were treated. Among the 144 installed 
implants, 139 were conical implants at the bone level and 5 
were cylindrical implants at the tissue level. SMP occurred in 
seven patients (4.8%). Considering the perforations that oc-
curred during the procedures, five occurred in scenarios of 
RBH < 5 mm and two in ≥ 5 mm. Therefore, the final sample 
comprised 137 patients. Table 1 describes the characteristics of 
the sample. Patients had between 24 and 83 years of age, and 
the majority were women (66.4%). The larger proportion of im-
plants were installed in the first molar region, had a diameter of 
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4.3 mm, and the mean implant lengths equaled 8.8 mm. The av-
erage RBH was 5.4 mm. Figure 2 shows the distribution of cases 
according to RBH categories, demonstrating that the majority of 
cases had RBH between 6 and 8 mm (45.5%).

The detailed distribution of the types of bone substitutes and 
implant brands used in the study is described in the supple-
mental material. In brief, implants from Nobel Biocare (37.9%), 
Plenum Bioengenharia (22.6%), and Straumann (16.8%) were 
the most frequently used. Bovine bone mineral (Bio-oss 
small granules, Geistlich, Switzerland) was used in 50.4% of 
the cases, followed by hydroxyapatite with betatricalcium 
phosphate particles (Plenum Bioengenharia, Brazil) (16.9%). 
The autograft generated by the OD procedure was applied in 
11.7% of the cases resulting in no requirement for biomaterial 
insertion.

Table  2 shows BHG according to sample characteristics. The 
overall BHG equaled 3.42 mm. There were no significant dif-
ferences between males and females (p = 0.95), age groups 
(p = 0.50), and implant platforms (p = 0.90). BHG was signifi-
cantly higher in first molars than in the second premolars 
(p = 0.02). Also, when RBH was less than 5 mm, the gain was 
significantly higher compared to RBH ≥ 5 mm (p < 0.001).

The stratified analysis according to RBH is demonstrated in 
Table 3. For both RBH < 5 mm and ≥ 5 mm, there were no signifi-
cant differences in BHG for all variables analyzed. These findings 
were maintained in the multiple linear regression model (Table 4). 
The only significant predictor associated with BHG was RBH, for 
which BHG was 2.54 mm higher for RBH < 5 mm than ≥ 5 mm.

Four implants were lost after 6 months of osseointegration. All 
of the lost implants belonged to the group with RBH > 5 mm. 
Therefore, the survival rate of implants equaled 97%.

4   |   Discussion

SFE is a fundamental technique in implantology to increase 
RBH in the posterior maxilla, enabling the placement of den-
tal implants in areas with significant alveolar crest atrophy and 
maxillary sinus pneumatization. Traditional techniques, such 
as the LW and OSFE techniques, have been widely used over 
decades but still present challenges and limitations, including 
complications during and after the procedure [23].

In this study, we retrospectively evaluated the efficacy of the 
OD technique in SFE. OD differentiates itself from conventional 

FIGURE 1    |    Illustration of the treatment sequence in one case included in the study. (A) Frontal view at baseline, (B) occlusal view at baseline, (C) 
preoperative CBCT, (D) flap opening, (E) view of the sinus membrane, (F) application of grafting material through crestal approach, (G) radiograph 
after the end of graft insertion, (H) implant placement, and (I) radiograph after loading.
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techniques by densifying, compacting, and autografting bone 
during osteotomy preparation, which can optimize bone regen-
eration and increase implant stability [24]. The clinical results of 
the OD technique have demonstrated effectiveness in both the 
short and long terms across various clinical situations, leading to 
improved primary and secondary stabilities of implants. These 
promising findings were further supported by a multicenter ret-
rospective clinical study that followed 254 implants with differ-
ent micro- and macrogeometries over a period of 5 years [25]. 
Additionally, a multicenter controlled clinical trial revealed that 
implants placed using the OD technique exhibited significantly 
higher insertion torque (IT) values and sustainable secondary 
stability, as measured by the Implant Stability Quotient (ISQ) at 

3 and 6 weeks, compared to standard drilling protocols applied 
to various implant designs, regardless of the location—whether 
in the anterior or posterior regions of the maxilla or in the poste-
rior region of the mandible [26].

In this study, the results demonstrated that OD is effective for 
SFE. Greater gains in bone height were predicted in molars. Also, 
in cases with initial bone heights less than 5 mm, the gains in 
bone height were larger probably as a result of the use of bone 
substitutes in these cases. Moreover, the rate of SMP was very 
low, with no other immediate or late postoperative complications 
reported. It was also demonstrated that the AIL is approximately 
9 mm.

Comparing the rate of membrane perforation from this with 
other studies, a recent comparison of SFE using OD and LW in 
patients with RBH ≤ 4 mm demonstrated SMP rates of 10% and 
40%, respectively [27]. The results also demonstrated that OD is 
as effective as the LW technique for SFE with simultaneous im-
plant placement but with significantly better patient-reported 
outcome measures [27]. Alhayati et  al. found that in highly 
atrophic posterior maxillae with an RBH of ≥ 2.0 to < 6.0 mm, 
OD was effective for crestal sinus elevation without membrane 
perforation, as confirmed by cone-beam computed tomogra-
phy. The study also showed greater primary and secondary 
implant stabilities [28]. A multicenter study evaluating the per-
foration rates during OD drilling found that the mean RBH was 
5.1 mm (± 1.96 mm), ranging from 2 to 7 mm (256 sites had RBH 
between 3 and 5 mm, 249 sites had RBH > 5 mm, and 165 sites 
had RBH ≤ 3 mm). Although the SMP rates were low (7.3%), re-
gression analysis indicated that severe atrophy (RBH ≤ 3 mm 
and between 3 and 5 mm) was identified as a risk factor for 
membrane perforation. The tooth region (premolar and molar), 
implant site, healed socket, and fresh socket were not associ-
ated as risk factors for SMP [21]. In a recent systematic review, 
the SMP rate for SFE using the LW technique was reported 
at 17.7% [29], while another meta-analysis showed a range of 
3.6%–41.8%, with an average rate of 23.5% [30]. The frequency 
of SMP with the OSFE technique varies, with studies report-
ing rates from 15% to 50% [31, 32], depending on graft-related 
factors, RBH, and BHG. The OSFE technique is recommended 
for patients with at least 5 mm of RBH [33–38]. Independently 
of the variation on SMP perforation rates, it is clear that the 
rate of 4.8% observed in this study is lower than that previously 
reported in a large sample study.

TABLE 1    |    Characteristics of the study sample (n = 137).

Variable Statistics

Sex (n/%)

Male 46 (33.6)

Female 91 (66.4)

Age (mean, SD) 58.8 ± 12.6

Implant location (n/%)

1st premolar 5 (3.7)

2nd premolar 21 (15.3)

1st molar 88 (64.2)

2nd molar 23 (16.8)

Implant platform (n/%)

3.5 mm 13 (9.5)

3.75 mm 5 (3.7)

3.9 mm 1 (0.7)

4 mm 21 (15.3)

4.1 mm 17 (12.4)

4.2 mm 1 (0.7)

4.3 mm 44 (32.1)

4.5 mm 4 (2.9)

4.8 mm 6 (4.4)

5.0 mm 25 (18.3)

Implant length (mean, SD) 8.8 ± 1.1

Implant length (n/%)

6 mm 5 (3.7)

8 mm 67 (48.9)

8.5 mm 5 (3.7)

9 mm 2 (1.5)

10 mm 55 (40.2)

11.5 mm 3 (2.2)

Residual bone height (mean, SD) 5.4 ± 1.8

Abbreviation: SD: standard deviation.

FIGURE 2    |    Percentage of patients according to the initial residual 
bone height prior to sinus augmentation.

14.6

35.8

45.5

4.1

0

20

40

60

80

100

1-3mm 4-5mm 6-8mm 9-10mm

P
er
ce
n
ta
g
e

 17088208, 2025, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cid.13430 by C

apes, W
iley O

nline L
ibrary on [25/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6 of 10 Clinical Implant Dentistry and Related Research, 2025

Over the years, several studies have demonstrated the use of the 
OD technique for SFE in different clinical scenarios and with 
various graft materials. Huwais et  al. retrospectively demon-
strated a BHG of 7 mm, with no SMP, using autogenous bone 
graft generated by the technique and particulate allograft in cases 
requiring more than 3 mm of augmentation [20]. Elsaid et al. re-
ported BHG of 5.33 mm using nanocrystalline hydroxyapatite in 
an amorphous silica gel matrix, also with no SMP [39]. Recently, 
another study evaluated the OD technique in regions with an 
oblique sinus floor, achieving an average BHG of 4.42 mm in pa-
tients with RBH between 4 and 7 mm, reporting one SMP using 
hydrated allograft [22]. In the present study, the overall BHG was 
3.4 mm and reached more than 5 mm in average in cases with 
initial bone height < 5 mm.

Currently, a wide variety of graft materials can be used alone 
or in combination with different surgical techniques for SFE. 
Among graft materials, autogenous bone is considered the gold 
standard due to its osteogenic, osteoinductive, and osteocon-
ductive properties. However, the use of autogenous bone has 
significant disadvantages, such as limited intraoral supply, 
donor site morbidity, increased operative time, the necessity for 
two surgical sites, partial resorption tendency, and postopera-
tive complications [12]. Also related to the choice of the type of 
bone substitute, the survival of implants placed in areas grafted 
with different types of grafts has been discussed in the litera-
ture. A systematic review of SFE and implant success rates, with 
follow-up ranging from 12 to 102 months, showed a success rate 

of 92% for implants placed in autogenous grafts, 93.3% for al-
lograft bone, 81% for alloplastic material, and 95.6% for pure 
xenograft [40]. Another retrospective study with 15 years of fol-
low-up, 757 implants were placed in 472 bone grafts, resulting 
in an overall success rate of 97.2%, showed that the xenograft 
group had the highest success rate (99.5%, n = 182), followed by 
the autogenous group (97.0%, n = 197) and the alloplastic group 
(98.9%, n = 92) [41]. These results are in line with comparative 
studies analyzing the performance of various bone substitutes, 
indicating that different graft materials achieve similar implant 
success rates [42, 43]. Although the results related to implant 
survival are similar, concerns about the quality of the newly 
formed bone are still discussed in the literature, particularly 
regarding the amount of vital bone and the presence of resid-
ual graft particles. Reports indicate that xenograft materials 
are not completely resorbed over time, potentially reducing the 
bone-to-implant contact (BIC) percentage, which could affect 
the long-term survival of the implant. In a recent randomized 
clinical trial for alveolar ridge preservation using different 
graft materials, the allograft demonstrated the highest per-
centage of vital bone and the lowest amount of residual par-
ticles. Both the allograft and alloplast exhibited significantly 
greater amounts of newly regenerated bone compared to the 
xenograft. Conversely, the xenograft showed the highest per-
centage of residual particles, which was significantly greater 
than that observed in the other groups [44]. In this context, a 
systematic review conducted by De Risi et al. revealed that xe-
nografts and alloplasts produced the highest levels of residual 

TABLE 2    |    Mean (standard deviation) of bone height gain (n = 137).

Variable Estimate p*

Sex (n/%)

Male 3.44 ± 1.90

Female 3.42 ± 1.60 0.95

Age

< 60 years old 3.54 ± 1.92

≥ 60 years old 3.33 ± 1.57 0.50

Implant location

1st premolar 2.94 ± 2.32A

2nd premolar 2.34 ± 1.24AB

1st molar 3.70 ± 1.72 AC

2nd molar 3.46 ± 1.67A 0.02**

Implant platform

< 4.2 mm 3.41 ± 1.83

≥ 4.2 mm 3.44 ± 1.66 0.90

Residual bone height

< 5 mm 5.23 ± 1.45

≥ 5 mm 2.62 ± 1.15 < 0.001

Total 3.42 ± 1.73

*Independent samples t-test. 
**One-way ANOVA and Bonferroni.

TABLE 3    |    Mean (standard deviation) of bone height gain according 
to the initial bone height.

Residual bone 
height < 5 mm 

(n = 42)

Residual bone 
height ≥ 5 mm 

(n = 95)

Variable Estimate p* Estimate p*

Sex (n/%)

Male 5.08 ± 1.70 2.38 ± 1.18

Female 5.34 ± 1.25 0.57 2.73 ± 1.13 0.18

Age

< 60 years old 5.61 ± 1.45 2.57 ± 1.22

≥ 60 years old 4.91 ± 1.39 0.11 2.66 ± 1.10 0.70

Implant location

1st premolar 4.00 ± 0.00 2.67 ± 2.58

2nd premolar 3.55 ± 0.33 2.21 ± 1.23

1st molar 5.42 ± 1.47 2.76 ± 0.97

2nd molar 5.06 ± 1.32 0.26** 2.61 ± 1.15 0.34**

Implant platform

< 4.2 mm 5.13 ± 1.59 2.54 ± 1.26

≥ 4.2 mm 5.31 ± 1.35 0.69 2.68 ± 1.07 0.55

Total 5.23 ± 1.44 2.65 ± 1.14

*Independent samples t-test. 
**One-way ANOVA.

 17088208, 2025, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cid.13430 by C

apes, W
iley O

nline L
ibrary on [25/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



7 of 10

particles, exceeding 35% over a 7-month follow-up period, while 
allografts showed the lowest percentage of residual particles, 
ranging from 12.4% to 21.11%. In terms of vital bone, allografts 
achieved the highest mean value at the 3-month mark, whereas 
xenografts exhibited the lowest percentage of vital bone after 
5 months [45]. Bovine-derived bone mineral has demonstrated 
osteoconductive properties as a grafting material for maxillary 
SFE. Evidence suggests that this material can be detected in 
the regenerated tissue for up to 20 years after the procedure, 
gradually decreasing in percentage but not completely disap-
pearing. Over time, it has been observed that the volume of the 
newly formed mineralized bone remains stable, in contrast to 
nonmineralized bone, which tends to increase in volume in re-
sponse to bone remodeling [46]. In the present study, various 
types of biomaterials were used for grafting, including auto-
graft bone generated by the technique, particulate xenograft, 
synthetic grafts, pure L-PRF, xenograft particulate combined 
with L-PRF, L-PRF combined with autologous dentin, and L-
PRF combined with synthetic grafts.

Another important discussion regarding graft materials relates 
to resorption rates. It was demonstrated that autogenous bone 
presents up to 45% resorption around implants within the first 
24 months post-graft [47–50]. In contrast, the resorption of or-
ganic or synthetic bone graft materials is comparatively lower, 
approximately 18%–22% within the first 24 months [51–53] and 
10%–20% after 2 years of loading [42]. It has been shown that 
the horizontal and vertical resorption rates of grafts for OSFE 

decreased rapidly within the first 12 months and stabilized 
thereafter [51]. Following over 5 years of a sample of 155 im-
plants placed with OSFE, Lombardo et  al. observed a change 
from a preoperative average of 4.45 mm to 9.25 mm immediately 
after implant placement, stabilization around 6.35 mm at pros-
thesis delivery, and 5.25 mm at the 5-year follow-up, represent-
ing a substantial short-term BHG, followed by stabilization and 
slight reduction over time [52]. Another recent study evaluated 
BHG variations using the OD technique immediately post-
surgery and after 12 months using standardized radiographic 
measurements, demonstrating significant graft contraction and 
a reduction of 0.90 ± 0.49 mm [53].

In this study, the AIL reached was 8.8 ± 1.1 mm, which clini-
cally represents an excellent option for the posterior maxilla 
region. A recent meta-analysis comparing clinical outcomes of 
using short (≤ 8 mm) versus standard implants (≥ 10 mm) after 
SFE in the atrophic posterior maxilla with insufficient RBH 
found high implant survival rates in both groups (short im-
plants: 97.0%, standard implants: 96.8%), and marginal bone 
loss showed no significant differences [54]. These results align 
with a retrospective study evaluating the survival of short and 
extra-short implants placed after OSFE. After 5 years, the overall 
implant survival rate was 94.84%, with specific survival rates of 
93.75%, 94%, and 100% for implants 5.0 mm, 6.0 mm, and 8.0 mm 
in length, respectively, reiterating that implants > 8 mm can 
achieve long-term success in areas with SFE and simultaneous 
implant placement [52].

TABLE 4    |    Linear regression models for bone height gain.

Variable

Simple models Final multiple model

Beta p Beta p

Sex (n/%)

Male Ref. Ref.

Female −0.02 ± 0.31 0.96 0.41 ± 0.23 0.07

Age

< 60 years old Ref. Ref.

≥ 60 years old −0.20 ± 0.30 0.50 −0.10 ± 0.21 0.66

Implant location

1st premolar Ref. Ref.

2nd premolar −0.60 ± 0.84 0.47 −0.22 ± 0.62 0.72

1st molar 0.76 ± 0.77 0.33 0.53 ± 0.57 0.36

2nd molar 0.52 ± 0.92 0.52 0.23 ± 0.62 0.71

Implant platform

< 4.2 mm Ref. Ref.

≥ 4.2 mm 0.04 ± 0.30 0.90 0.02 ± 0.23 0.92

Residual bone height

≥ 5 mm Ref. Ref.

< 5 mm 2.60 ± 0.23 < 0.001 2.54 ± 0.23 < 0.001

Abbreviation: Ref., reference category.
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The present study should be interpreted considering its 
strengths and limitations. Since the majority of studies on this 
field are preclinical, the design of this study involving clinical 
cases conducted over up to 5 years in daily basis in an implan-
tology learning center is one of the methodological strengths. 
Moreover, to the best of the authors' knowledge, this is the first 
study to compare various factors that may be associated with the 
efficacy of OD for SFE within the same patient sample. On the 
contrary, at the present moment, clinical and tomographic me-
dium- to long-term evaluations are still lacking to assess graft 
bone reduction in height and volume over the years in the pres-
ent sample. Additionally, BHG was determined based solely on 
the implant apex as the final measure, which may not accurately 
reflect the volumetric and structural changes of the final verti-
cal bone height achieved. These issues should be considered in 
future research to improve the accuracy and applicability of the 
results in the conduction of future randomized trials.

5   |   Conclusions

OD demonstrated to be effective for SFE with simultaneous 
implant placement. Clinically relevant vertical bone gain was 
achieved with appropriate implant length.
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