
Page 1 of 6

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved. Front Oral Maxillofac Med 2022;4:2 | https://dx.doi.org/10.21037/fomm-21-44

Introduction

One of the most important aims in modern dentistry is 
to reestablish patients’ function, aesthetics, and quality 
of life, regardless of previous illnesses or disability in the 
stomatognathic system (1,2).

Since the development of dental implants,  oral 
rehabilitation is at forefront of the need for bone with 

sufficient quantity and quality to support the functional loads 
and aesthetic needs in implant-supported dentures; therefore, 
the concept of a tridimensional position of implants 
resembling the original teeth position was proposed (2-5).

However, local conditions in alveolar ridges, such as severe 
atrophy, periodontal disease, or traumatic injuries, often 
lead to insufficient alveolar bone volume, in the horizontal, 
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vertical, or both directions, due to centripetal alveolar bone 
resorption, which impaired implant placement in the most 
favorable position for biomechanics and aesthetics (2,6). 
For this reason, bone grafting techniques have been used 
previously or concomitant to implant placement to promote 
correct orientation and predictability (7).

Autogenous bone is considered the gold standard for 
bone grafting procedures owing to its osteoconductivity, 
osteoinduction, and osteogenesis properties (8,9). However, 
the need for a second surgery site, increase in surgery 
time, and possible postoperative morbidity are considered 
disadvantages of this technique (6,10).

The xenogeneic bone of bovine origin is currently 
indicated in cases where the autogenous bone is not a viable 
alternative because of the patients’ condition or there is a 
limited amount of bone (10). In addition, the bovine bone 
presents good biocompatibility (11,12) and has different 
presentation forms such as a particulate or block with high 
success rates (13,14). Furthermore, regarding long-term 
stability and resorption, deproteinized bovine bone was 
proposed to lower resorption rates than did autologous 
bone (15), with a similar implant survival rate (8).

In the current literature, few studies have investigated 
the use of lyophilized bovine bone matrix in block (LBBM) 
to alveolar ridge reconstruction (11,16-25). Conversely, 
sufficient data are available regarding the same material 
in granule form, in particular to post-extraction socket 
preservation and maxillary sinus lifting. Thus, this study 
aimed to assess the bone volume gain obtained after 
horizontal ridge augmentation using LBBM in pre-implant 
surgeries. This article was prepared following the STROBE 
reporting checklist (available at https://fomm.amegroups.
com/article/view/10.21037/fomm-21-44/rc).

Methods

Study design

This retrospective cross-sectional observational study used 
secondary data and followed the STROBE statement (21). 
Data from cone-beam computed tomography (CBCT) scans 
of patients who underwent horizontal ridge augmentation 
with LBBM blocks were obtained in Digital Imaging and 
Communication in Medicine (DICOM) format to evaluate 
the graft volume.

Ethical statement 

The study was conducted following the Declaration of 

Helsinki, (as revised in 2013). The study was approved by 
Research Ethics Committee of the Faculty of Dentistry at 
UFPEL (No. 011235/2017). Owing to the retrospective 
design of this study and the use of secondary data, individual 
consent from patients was waived. However, all patients 
signed free and informed consent before the surgical 
procedures.

Sample selection

Charts of patients who underwent maxillary augmentation 
procedures before implant placement, between 2010 and 
2016, were screened. Adult patients with complete chart 
data, had undergone grafting procedure using LBBM, did 
not have previous inflammatory or periapical disease in the 
grafted area, had no systemic or metabolic conditions that 
affect bone regeneration, and had available CBCT DICOM 
data obtained before the reconstruction (T0) and 8 months 
after reconstruction before the implant placement (T1) 
were included. Patients who were pregnant at the time of 
graft surgery or before CBCT, patients with smoking habits, 
and patients with incomplete data were excluded.

CBCT volume assessment

After anonymization of data, DICOM datasets from CBCT 
scans were stored in a hard drive for posterior tridimensional 
reconstruction in the OsiriX Lite software (Version 8.0.2, 
Pixmeo, GNU LGPL, Geneva, Switzerland). Reconstructed 
images were standardized in terms of spatial orientation, 
the Frankfurt plane was parallel to the ground, the coronal 
plane crossing the pterygoid plates was perpendicular to the 
Frankfurt plane, and the sagittal plane was fixed according 
to the midline crossing the coronal plane in 90°. After head 
orientation, a new DICOM image with the head in final 
positions was generated for each patient.

A cross-sectional three-dimensional reconstruction was 
obtained from the standardized DICOM data. Thus, a 
single calibrated examiner delimited the corresponding area 
to the LBBM in the axial plane using the pencil tool in all 
frames since the first appearance of the graft. Following, the 
region of interest (ROI) tool was applied to the delimited 
area, and the “volume ROI” tool was used to calculate the 
volume of the previously selected area (Figure 1).

Statistical analysis

Obtained data were pooled according to the demographic 
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characteristics of the patients and augmentation site. Volume 
measurement data were analyzed using descriptive statistics.

Results

First, the chart screening identified 34 patients who 
underwent grafting procedures in the established time 
interval. Of these patients, only nine met the inclusion 
criteria, with 11 total sites of bone augmentation. All 
patients received bone augmentation using OrthoGen® 
blocks (OrthoGen, Baumer S.A, Mogi MIrim, SP, Brazil), 
and CT data were obtained at T0. In all cases, T1 CT 
acquisition before placement of dental implants was 
performed 8 months after the bone reconstruction.

From all included data, nine augmentation sites were 
located in the anterior maxilla and two were at the posterior 
maxilla. Graft failure or graft loss was not observed among 
those patients. Postoperative complications were not 
recorded in any of the included cases. All reconstructed 
areas were rehabilitated with dental implants. The mean 
volume of the bone graft in the CBCT analysis was 
0.2839±0.0917 cm³ (Table 1).

Demographic data did not show any correlation between 
the graft volume and sex, age, or surgery site. 

Discussion

Bone augmentation procedures using LBBM are a relatively 

A B

Figure 1 A CBCT eight months post-operative graft image sample. (A) A cone-beam computed tomography scan in the axial view 
demonstrating the selected ROI in blue. (B) Tridimensional simulated volume according to the selected ROI and ROI volume calculation 
tool. CBCT, cone-beam computed tomography; ROI, region of interest.

Table 1 Descriptive data of patients submitted do lyophilized bovine bone matrix (LBBM) block graft and CBCT volume of graft prior implant 
placement

Patient Age Gender Grafted region LBBM volume (cm³)

A.X.V 69 F Anterior left 0.253

C.R.V 48 F Anterior left 0.3408

C.R.S 52 F Anterior right 0.3019

C.S.S 37 F Anterior left 0.2960

E.E.O 51 F Anterior left 0.2646

F.R.P 28 F Posterior right 0.2774

G.F.D.A – F Anterior left 0.2678

G.F.D.A – F Anterior right 0.1292

M.M. 32 F Posterior right 0.1738

M.R.C 57 F Anterior right 0.3975

M.R.C 57 F Anterior left 0.4495

Mean (SD) 47.89 (13.25) 0.2839 (0.0917)
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unexplored topic in the current literature. Owing to the 
complexity and clinical relevance of bone reconstruction, 
the research of alternative biomaterials is important to 
facilitate implant clinical practice. According to Hämmerle 
et al. (13), one of the advantages of bone substitute materials 
is to prevent the occurrence of the associated morbidity to 
the second surgical site for donating bone; thus, advances in 
biomaterials research represent an important advancement 
in guided bone regeneration techniques.

In a pre-clinical animal study in dogs, Araújo et al. (22) 
evaluated the on-lay application of LBBM as a scaffold 
to bone neoformation. These authors concluded that 
after 6 months of implantation, the LBBM preserves its 
dimensions, structure, and volume. However, a limited 
amount of new bone was observed between the graft and 
the implantation bed, suggesting that a longer healing 
period may be necessary with the use of LBBM. In the 
present study, we evaluated the graft material 8 months 
after implantation and observed a well-incorporated graft, 
with remaining structure and volume and an acceptable 
density in the imaging evaluation similar to the host bone. 
Hämmerle et al. (13) also performed a retrospective analysis 
in humans and observed in 20 patients that a period of 
9–10 months would be the necessary time before implant 
placement.

The volumetric method for graft evaluation is not 
often reported in the literature. Most studies have 
evaluated crestal and apical width, length, and height, with 
bidimensional measurements. Smolka et al. (23) performed 
the most similar method. Gorla et al. also used DICOM 
Works software to assess bone volume, by the sum of areas, 
following the Cavalieri principle (24). 

Our data provide preliminary insights regarding graft 
incorporation and volume. However, its retrospective 
design inhibited evaluation of a precise resorption rate, as 
performed by previous authors (11,18,20,21), which is a 
limitation of this study. Another limitation was the small 
sample size, which inhibited further statistical analysis and 
correlation of bone volume with clinical data.

Block et al. (16) evaluated the width gain of grafted areas 
with particulate bovine bone matrix, and using CBCT 
scans, they found a final gain of 1.5 mm. Hämmerle et al. (13) 
identified a width gain of 3.7 mm after 6 months. Despite 
the limitations, it is possible to observe a similar pattern of 
volume maintenance, as highlighted in the present study, 
revealing a final volume of 283.9 mm³.

Moreover, Steigmann (19) evaluated LBBM block 
placement by the frictional method and found a tomographic 

density similar to the host bone after only 6 months. In the 
present study, all xenogeneic grafts were placed with passant 
screw technique, and the healing period was 8 months.

The current knowledge about physiological behavior, 
osteoconductivity, and success rates of xenografts was 
obtained most from research about its particulate form, 
for socket preservation, guided bone regeneration, or sinus 
lift procedures, as well as for graft volume preservation 
when associated with autogenous graft. Based on the recent 
literature, the same features of the particulate bone may be 
observed in bone blocks (17,20).

Conclusions

Based on this case series and considering the study 
l imita t ions ,  LBBM blocks  demonstrated  s imi lar 
tomographic density to the host bone and volume after 
8 months of implant placement. Thus, the LBBM block 
appears to be a valuable alternative to horizontal ridge 
augmentation. 
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