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INTRODUCTION

T
he use of cone-beam computerized tomography (CBCT)

in implantology has the advantage of allowing the

visualization of structures without overlap, and therefore,

it provides a closer replication of the anatomic truth.1

Moreover, it enables a better comparison of the outcomes when

scans are taken of the same area before and after the procedure.

However, to more accurately compare such images, a reliable

method of superimposition is needed. In the fields of oral and

maxillofacial surgery and orthodontics, the techniques of

accurate superimposition have been studied and extensively

validated.2–5 However, these techniques require the inclusion of

the cranial base in the CBCT scan and therefore result in a large

field of view (FOV) when assessing changes in the maxilla or the

mandible, as well as involve a relatively large amount of radiation

for the patient. In implantology, the area being evaluated is often

smaller, requiring a different type of superimposition technique.

The use of 2 or more CBCT scans from the same patient

taken at different time points for assessment of the outcomes

of alveolar ridge augmentation has been published in several

studies.6–10 However, the only study that presented a reliable

method of superimposition was based on the voxel-based

technique, which requires a large FOV and exposed the patient

to a large amount of radiation.9 Recently, Koerich et al11

presented a method to superimpose the maxilla or mandible in

nongrowing patients using a medium FOV. This new method

can be helpful in comparing differences between the scans

obtained at different treatment points while minimizing the

exposure to radiation for the patient.

The aim of this report is to describe the application of this

step-by-step, voxel-based superimposition technique in im-

plantology and illustrate its use in a case series.

METHOD OF SUPERIMPOSITION

The DICOM (Digital Imaging and Communications in Medicine)

files of time point 1 (T1) and time point 2 (T2) are imported into

the software OnDemand 3D v1.0.10.5261 (Cybermed Inc, Seoul,

Korea). Both files are loaded at the same time using the ‘‘fusion

module.’’

After selecting ‘‘manual registration,’’ T2 is moved as

close as possible to T1 in the axial, coronal, and sagittal slices.

When one clicks on ‘‘auto registration,’’ T2 is automatically

superimposed onto the T1 image. T2 with the new

orientation is then exported by selecting ‘‘reslicing’’ and

exporting the ‘‘secondary image’’ only. Once all the previous

steps are done, T2 has a new orientation that matches T1 and

has the same common coordinates. Both images can be

visualized simultaneously using the fusion module of the

software.

CASE SERIES

Case 1: Vertical sinus augmentation

A 49-year-old man with no significant medical history

presented for placement of a bone graft and implants.

Clinical and radiographic examination showed inadequate

bone volume for implant placement in the upper left first

molar site due to a mesially tipped upper left second molar

(Figure 1). The patient was referred for orthodontic treatment

to open the space in the upper left first molar area for a bone

graft and implant placement and to achieve ideal occlusion

and function. The maxillary left second molar was fully

uprighted after 12 months of orthodontic treatment, and the

first molar space was suitable for an implant-supported

restoration (Figure 1b). The implant site was further devel-

oped by elevating the floor of the sinus via a lateral window

technique. Following completion of bone graft maturation,

the CBCT scan showed adequate volume in the implant site as

well as favorable root orientation of the adjacent teeth

(Figure 1b). The superimposition of the CBCT scans is shown

in Figure 1c.

Case 2: Horizontal alveolar ridge augmentation

A 30-year-old man with no significant medical history

presented for placement of 3 implants in the left posterior

mandible. Following the clinical examination, a CBCT image

confirmed a horizontally deficient bone volume incompatible

with placement of implants without prior site development.

The patient underwent a horizontal ridge augmentation
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procedure using tenting screws and a bone graft composed of

an allograft and xenograft mixed with the patient’s own

platelet-rich plasma and covered with a collagen membrane.

Following a favorable healing period of 6 months, adequate

bone volume for implant placement was observed on a new

CBCT. To accurately and objectively assess the gain in bone

volume, a superimposition analysis was made using OnDemand

3D software (Figure 2).

FIGURE 1. (a) Before orthodontic treatment. (b) After orthodontic treatment and graft placement before implant placement. (c)
Superimposition of T1 (gray) and T2 (red) showing the movement of the root of No. 13, the upright of No. 15, and the grafted area.

FIGURE 2. (a) T1 axial slice presurgery showing resorbed ridge. (b) T2 axial slice after horizontal bone graft. (c) T1 (gray) and T2 (red) axial
slices superimposed showing the amount of bone gained after surgery. Because superimposition was done, the slices being compared are
exactly the same. CBCT indicates cone-beam computerized tomography.
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Case 3: Vertical/crestal sinus floor elevation

A 67-year-old woman presented for placement of an implant in

the maxillary right first molar region. On the CBCT, the site

showed insufficient ridge height for implant placement.

The patient therefore underwent implant placement

surgery with simultaneous vertical sinus augmentation.

Elevation of the sinus membrane was achieved using the

hydraulic pressure sinus lift technique. An osseous allograft

was placed through the osteotomy into the space created on

the sinus floor, and a 4.6- 3 10.5-mm implant was placed. A

postoperative CBCT was taken of the area to assess the

gained bone volume surrounding the implant and to

compare the angulation of the implant with the implant

guide (Figure 3).

DISCUSSION

This report describes a technique of superimposition of CBCT

scans for either clinical or research purposes. The clinical cases

presented used 2 scans taken of the area of interest in different

FIGURE 3. (a) T1 sagittal slice showing implant guide angulation. (b) T2 sagittal slice showing implant angulation. (c) T1 (gray) and T2 (red)
slices superimposed showing the angulation of the planned treatment and final outcome. (d) T1 coronal slice showing implant guide
angulation. (e) T2 coronal slice showing implant angulation. (f) T1 (gray) and T2 (red) slices superimposed showing the angulation of the
planned treatment and final outcome. All the slices have the same orientation. CBCT indicates cone-beam computerized tomography.
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phases of treatment. In more complex treatment scenarios,

more than 2 scans can be superimposed provided the reference

points remain unchanged. The method error of this voxel-

based superimposition for nongrowing patients is very small,

while the reproducibility by different examiners is almost

perfect.11 Great interexaminer reproducibility could facilitate

unbiased comparison between studies by different researchers

and prove useful in future studies.

The CBCT machines used in this report included i-Cat

(Imaging Sciences International, Hatfield, Penn) for case 1

and Kodak Carestream 9300 (Carestream Health Inc, Ro-

chester, NY) for cases 2 and 3. The machine used does not

affect the quality of the superimposition, which has been

confirmed by other studies that used KaVo CT (KaVo, Co,

Biberach, Germany) and Cranex (Soredex, Tuusula, Finland)

machines.3,9

The guidelines by the American Academy of Maxillofacial

Radiology proposed that CBCT is the cross-sectional modality

of choice for implant site assessment.12 Given the proper

indications, CBCT can be very useful in helping to plan

treatment, evaluate treatment outcomes, and assess compli-

cations involving implant placement.13 A significant increase

in the use of CBCT to plan implant placement has been noted

between 2008 and 2010, with studies reporting a tendency to

use a smaller FOV of 4 3 4 or 6 3 6 inches.14 In cases in which

vertical bone in the posterior maxilla is inadequate for

implant placement (cases 1 and 3), adequate bone height

can be obtained with elevation of the sinus floor by either

lateral or vertical approach.15–17 While the lateral window

technique provides good visualization of the grafted area, the

vertical augmentation is performed through a small crestal

osteotomy and does not allow direct visualization of bone

volume gains. An immediate postoperative CBCT and

superimposition can provide accurate detail of the newly

grafted area.

The method presented in this report can be done very

quickly, and the software is user friendly. Once the images are

imported, the process to superimpose the scans takes 30 to 40

seconds if cropping of the image is not necessary. When

cropping is needed, as in cases where only the mandible

needs to be superimposed but the FOV is large, extra steps are

required. The length of the superimposition is dependent on

the voxel size and computer capacity. Smaller voxel size

requires more computer capacity or more time to be

processed. When vertebrae are included on the scan, it is

advisable to remove them to facilitate the superimposition. As

this technique is suitable for scanning of small anatomic areas,

it is also applicable in the field of periodontics when small

regions undergo comprehensive treatment phases and

segmental CBCT scans are indicated to follow the ‘‘low as

reasonably achievable’’ principle to limit the amount of

radiation to the patient.

CONCLUSION

The superimposition method presented is fast and reliable and

has the potential to become the gold standard for objective

and reproducible evaluation of anatomic changes in longitu-

dinal implant studies.
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