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ABSTRACT

Purpose: To develop a method for characterizing trabecular bone microarchitecture using cone beam computed tomogra-
phy (CBCT) and to evaluate trabecular bone changes after rehabilitation using immediate versus delayed implant protocols.

Materials and Methods: Six mongrel dogs randomly received 27 titanium implants in the maxillary incisor or mandibular
premolar areas, following one of four protocols: (1) normal extraction socket healing; (2) immediate implant placement
and immediate loading; (3) delayed implant placement and delayed loading; (4) delayed implant placement and immediate
loading. The animals were euthanized at 8 weeks, and block biopsies were scanned using high resolution CBCT. Standard
bone structural variables were assessed in coronal, middle, and apical levels.

Results: Coronal and middle regions had more compact, more platelike, and thicker trabeculae. Protocols (2), (3), and (4)
had significantly higher values (p < 0.001) than protocol (1) for bone surface density, bone surface volume ratio, and
connectivity density, while significantly lower values (p < 0.001) were found for trabecular separation and fractal dimen-
sion. However, protocols (2), (3), and (4) did not show significantly different bone remodeling.

Conclusions: Compared with normal extraction healing, the implant protocols have an improved bone structural integra-
tion. Results do not suggest a different bone remodeling pattern when a delayed versus an immediate implant protocol is
used.
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INTRODUCTION

While traditional dental implant protocols incorporate

a healing period prior to placing the implant (delayed

implant placement), several attempts have been re-

ported and specific treatment protocols introduced in

order to reduce the total treatment time. The advent of

new implant materials, surface coating, and adaptations

to the mechanical design has opened up the path toward

immediate implant placement, thus increasing patient

comfort by shortening treatment periods, while preserv-

ing some of the bone volume.1 Some clinical studies

found similar implant survival rates and marginal bone

loss in the short and medium term when comparing

delayed and immediate implant placement protocols.2,3

Moreover, several histological studies on humans and

experimental animals suggested that immediate loading

implants show a higher percentage of bone-to-implant

contact (BIC) than either delayed loading implants or

implants left unloaded.4–6 Nevertheless, the available

*Oral Imaging Center, Department of Oral Health Science, KU
Leuven, Leuven, Belgium; †Oral Implant Center, West China College
of Stomatology, Sichuan University, Chengdu, China; ‡School of
Stomatology, Dalian Medical University, Dalian, China; §ESAT/PSI,
Medical Image Computing, KU Leuven, Leuven, Belgium; ¶Labora-
tory of Histology, Biomedical Research Institute, Hasselt University,
Diepenbeek, Belgium

Reprint requests: Professor Xin Liang, School of Stomatology,
Dalian Medical University, Dalian 116044, China; e-mail:
lilyliang13@hotmail.com

© 2013 Wiley Periodicals, Inc.

DOI 10.1111/cid.12063

873

mailto:lilyliang13@hotmail.com


literature has so far not conclusively determined the

superiority of immediate loading protocols, particularly

with regard to the three-dimensional microstructure of

peri-implant bone.

The survival rate of implants is significantly

affected by bone quality,7 which not only relates to

bone mineral density but also critically depends on the

three-dimensional microstructure of the peri-implant

bone.8 Trabecular bone is more metabolically active

than cortical bone8 and therefore is a more sensitive

indicator of early physiopathologic changes. Conse-

quently, objective quantitative assessment of trabecular

architecture around the implant may provide com-

prehensive structural information related to different

implant placements for better determining the status

of osseointegration.

For decades, the most common method used to

evaluate peri-implant tissue has been histomorpho-

metry, which allows two-dimensional measurements

on thin histological sections. As this classical technique

is invasive, time-consuming, and prone to sampling

errors, three-dimensional imaging using microcom-

puted tomography (mCT) has been validated as a non-

invasive and accurate method for assessment of bone

geometry.9 Yet although mCT has been widely applied

for three-dimensional evaluation of trabecular struc-

tures in bone biopsies and small animal bones,9,10 it

is of limited use at present in the clinical routine.

For imaging of trabecular bone in vivo, both high-

resolution magnetic resonance imaging (HR-MRI) and

multidetector CT (MDCT) have been investigated.11,12

However, the potential of MRI is limited by the long

scan times needed to obtain high-resolution imaging of

trabecular bone and by metal artifacts because of

magnetic susceptibility.13 MDCT, on the other hand,

requires substantial radiation exposure to achieve

enough spatial resolution.14 Recently, low-dose dental

cone beam CT (CBCT) has become widely available

in clinical practice as a new technique for rapid non-

invasive imaging at even higher image quality than

MDCT.14 Whereas the accuracy of CBCT in the mea-

surement of bone-related parameters (e.g., bone thick-

ness) has been investigated thoroughly,15 little is known

about the potential of CBCT for analyzing peri-implant

trabecular bone morphology.

Therefore, the purpose of the present study was to

evaluate the three-dimensional morphology of peri-

implant trabecular bone in a dog model after 2 months

of immediate and delayed implant protocols, by means

of high-resolution CBCT.

MATERIALS AND METHODS

The experimental protocol was approved by the bioeth-

ics committees of Dalian Medical University, Hasselt

University, and KU Leuven (P059-2012-TK). A split-

mouth randomized design, using four treatment pro-

tocols on six tooth positions in six male mongrel dogs

(Table 1), was employed. The dogs (weight 14.8–18.1 kg,

age 20–24 months old) were without any oral or sys-

temic diseases and were housed individually in indoor

cages. The diet during the course of the experiment was

whole grain flour, cornmeal, soybean cake, fishbone

meal, and eggs according to the general feeding program

at the Experimental Animal Center of Dalian Medical

University, China. The whole surgical procedure was

TABLE 1 Random Distribution of Split-Mouth Design in Six Experimental Dogs

Dog I (R) I (L) P3 (R) P3 (L) P4 (R) P4 (L)

1 Control DIP + DL DIP + DL DIP + IL Control IIP + IL

2 DIP + DL DIP + IL DIP + IL IIP + IL DIP + DL Control

3 DIP + IL IIP + IL IIP + IL Control DIP + IL DIP + DL

4 IIP + IL Control Control DIP + DL IIP + IL DIP + IL

5 Control DIP + DL DIP + DL DIP + IL Control IIP + IL

6 DIP + DL DIP + IL DIP + IL IIP + IL DIP + DL Control

In total, 36 samples were used in the study (Control = 9; IIP + IL = 8; DIP + DL = 10; DIP + IL = 9). The investigators ensured unpredictability of the
allocation sequence by coin toss before surgeries.
I, 3rd maxillary incisors; P3, 3rd mandibular premolars; P4, 4th mandibular premolars; R, right side; L, left side; DIP, delayed implant placement;
IIP, immediate implant placement; DL, delayed loading; IL, immediate loading.
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performed by one and the same surgeon (W.Z.), with a

decade of clinical experience in implant dentistry. The

surgeon was blinded to the allocation process, but

once tooth extraction had been carried out, he could no

longer be blinded to the allocated implant placement.

Surgical Procedures

Tooth Extraction. The dogs got 1 week of antibiotics

prophylaxis (gentamicin sulfate, 1 600 000 U/day,

Lingrui Pharmaceutical Co. Ltd, Zhengzhou, China) to

prevent infection. In each dog, bilateral 3rd and 4th

mandibular premolars (P3 and P4) as well as 3rd max-

illary incisors (I) were chosen as the implant recipient

sites (Figure 1A). During all surgical procedures, the

dogs were anesthetized with Sumianxin (0.1 ml/kg

xylazine hydrochloride, Changchun Military Academy

of Medical Sciences, Changchun, China). Local anesthe-

sia (2–4 ml lidocaine 2% with epinephrine 1:100 000,

Tianjin Pharmaceutical Co. Ltd, Tianjin, China) was

used at the surgical site. After tooth extraction, these

sites were sutured with 4-0 vicryl resorbable sutures.

Implant Placement. Sample size calculation was based

on a preliminary experiment. Given a = 0.05 and

b = 0.10, it was calculated that at least seven samples

in each group were needed to reach significance level

for connectivity density (Conn.dn) when differences

of 3.5 mm-3 and a standard deviation of 2 mm-3

were assumed. Twenty-seven custom-made threaded

implants of grade 5 pure titanium (machined surface,

Ø = 3.1 mm for I and 4.1 mm for P3 and P4, L = 11 mm,

Figure 1B) were thoroughly examined first to reject

failed test pieces and were sterilized prior to surgery.

Each implant recipient site was randomly assigned to

one of four treatment protocols (Figure 2), and two-

stage implant placement was applied accordingly: (1)

control group (n = 9); (2) immediate implant placement

and immediate loading group (IIP + IL, n = 8); (3)

delayed implant placement and delayed loading group

(DIP + DL, n = 10); (4) delayed implant placement and

immediate loading group (DIP + IL, n = 9).

Before insertion, to ensure that the shoulder of the

implant was placed at the level of the marginal bone,

each site was drilled at low speeds (800 rpm) while being

cooled with sterile saline at 4°C. Implants were placed

under the same surgical conditions as the tooth extrac-

tions in terms of sterility, operation room, and anes-

thesia. The primary stability of implants was checked

after implant insertion by percussion testing, which was

carried out by making a simple percussion with the

Figure 1 Implant recipient sites and the custom-made implant, post, and crown used in the study. (A) Mesial part of P3 and distal
part of P4 were extracted, while the distal part of P3 and mesial part of P4 were kept in the socket. (B) Custom-made titanium
implant and NiTi-based post and crown.

CBCT Analysis on Peri-Implant Trabeculae 875



handle of a dental instrument on the implant abutment

while listening to the resulting sound to detect non-

osseointegration. Then, customized posts with a crown

made of NiTi alloy (College of Stomatology, Dalian

Medical University, Figure 1B) were set using resin

cement (RelyX, Unicem, RX, 3M ESPE, St. Paul, MN,

USA). During the experimental period, the loading

pressure on the implants was kept similar using

20-mm articulating papers (Accufilm II, RX, 3M ESPE).

Combined with general anesthesia, plaque control

was ensured three times per week using a 0.2% chlo-

rhexidine gel on implant placement sites with a soft

toothbrush.

Biopsies. At week 17 (Figure 2), all dogs were sacrificed

by means of an intravenous injection of an overdose

of Sumianxin and immediately perfused through the

carotid arteries with a fixative solution of 4% paraform-

aldehyde and 0.0125% glutaraldehyde in 0.1 M phos-

phate buffer, pH 7.4. The jawbones were dissected and

defleshed. Then, each implant was removed with a care-

fully preserved 3- to 5-mm piece of peri-implant bone as

one piece of sample. The samples were placed into a

sealable container with the fixative Unifix® (4% formal-

dehyde, Tianjin Chemical Reagent Company, Tianjin,

China) for 3 weeks at 4°C.

Morphometric CBCT Analysis

Thirty-six samples were scanned using a high-resolution

CBCT (3D Accuitomo 170, Morita, Tokyo, Japan), which

had been calibrated before the radiographic study by

the manufacturer at the time of installation and when

updates were performed. Each sample was placed verti-

cally in a sponge block in order to prevent any move-

ment during the scanning process, with the long axis

of the implant perpendicular to the scanning beam. All

samples were scanned using the following exposure con-

ditions: 0.08 mm voxel size, 360° rotation, 90 kV tube

voltage, 2 mA tube current, 30.8-second scanning time,

and a field of view (FOV) of 40 ¥ 40 mm. Four ring-

shaped volumes of interest (VOIs) were defined around

the surface of the implant at coronal (A), middle (B),

and apical (C1 and C2) sections along the axis of the

implant, as indicated in Figure 3. The VOIs comprised

trabecular bone only, which was selected through inter-

mediate cross sections by using custom processing in the

CTAn V1.11 (CTAnalyser, Skyscan, Antwerp, Belgium)

(Figure 4). The irregular anatomic regions of interest

(ROIs) were drawn in each section,16 either manually in

the case of the control group or automatically in the case

of the implant protocols group, such that cortical bone

in the ring-shaped ROIs was excluded, and only trabe-

cular structures were retained for assessment.

Standard three-dimensional structural parameters

of trabecular bone architecture (Table 2) were quanti-

fied from the CBCT images using CTAn on the VOIs,

following the recommendations of the American

Society of Bone and Mineral Metabolism16 and Parfitt’s

system.17 The examiner responsible for morphological

analyses (J.V.D.) was blinded to the group allocation.

Figure 2 Time frame for different protocols. DIP = delayed implant placement; DL = delayed loading; IIP = immediate implant
placement; IL = immediate loading.

876 Clinical Implant Dentistry and Related Research, Volume 16, Number 6, 2014



Statistical Analysis

Descriptive analysis expressed data as central tendency

and dispersion measurements. Fisher’s exact test was

used to compare variance between groups, followed

by post hoc Tukey’s HSD test, allowing multiple com-

parisons. Nonparametric statistical methods were used

when normality was not confirmed. For all tests per-

formed, the significance level a was 5%. Statistical

analysis was performed in R 2.14.2 (R Development

Core Team).

RESULTS

All animals recovered well after the surgery without

any clinical signs of infection or inflammation, and all

behaved normally throughout the experimental period.

The surgical procedures and follow-up showed no

complications regarding the procedural conditions,

and all implants were clinically stable until euthanasia.

Although trabeculae were clearly visible, they were not,

overall, well defined. No artifacts were present in the

CBCT images except that along the bone-implant direct

interface, a thin blurred layer occurred due to titanium

scatter, which was later reduced by custom-made CTAn

software.

Three-Dimensional Morphometric Comparison
of the Anatomical Regions

Morphometric parameters for the VOIs are summarized

in Table 3. A one-sample Shapiro-Wilk test showed that

most of the parameters were not normally distributed,

except for bone volume fraction (BV/TV) and bone

pattern factor (Tb.Pf). In the A, B, C1, and C2 regions,

the same trend of central tendency and dispersion was

visible.

The coronal and middle regions had higher BV/TV,

specific bone surface (BS/BV), and Conn.dn values than

the apical regions. Lower values for trabecular thickness

(Tb.Th) and trabecular number (Tb.N) were found in

the most apical region. However, the differences in these

values between the coronal and apical trabeculae were

not as large as for BV/TV, BS/BV, and Conn.dn. The

apical trabecular bone exhibited much larger Tb.Pf

and total porosity percentage (Po (tot)) compared with

the coronal bone. The highest structural model index

(SMI) values were found in the apical trabecular bone,

which is characterized by rods (ideal rods: SMI = 3), and

the lowest values were identified in the coronal and

middle regions, showing more platelike structures (ideal

plates: SMI = 0).

Three-Dimensional Morphometric Comparison
of the Implant Protocols

Data from different anatomical regions were combined

and were then compared according to different implant

protocols. Statistical analyses revealed significant differ-

ences (p < 0.001) in bone characteristics for control

versus IIP + IL, DIP + IL, and DIP + DL, and for BS/BV,

fractal dimension (FD), trabecular separation (Tb.Sp),

and Conn.dn (Table 4).

All implant protocols had significantly higher

values than the control for BS/BV and Conn.dn, while

significantly lower values were found for Tb.Sp and

FD. However, no significant difference was observed

between any two of the treatment groups. The highest

values for BV/TV, Tb.N, and Conn.dn, as well as the

Figure 3 Schematic representation of the volumes of interest
(VOIs) selected for regional morphometric analysis of
peri-implant bone. Four different VOIs were defined in coronal
(A), middle (B), and apical (C1 and C2) sections along the axis
of the implant (width = 1 mm; height = 2 mm for A and B,
1 mm for C1 and C2).
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Figure 4 Quantification of regional bone morphometry from CBCT images for different implant protocols. From left to right:
original CBCT image; manually rough selection of the region of interest (ROI) for the control (approximately 5 ¥ 5 mm) and for the
implant protocols; binary ROI automatically generated by a custom processing algorithm based on thresholding segmentation for the
implant protocols, according to the specifications in Figure 3, excluding implant and cortical bone; binary segmentation of trabecular
bone in this ROI, from which trabecular morphometric parameters were calculated. DIP = delayed implant placement; DL = delayed
loading; IIP = immediate implant placement; IL = immediate loading.

TABLE 2 Parameters Quantified from CBCT Images for Regional Bone Morphometric Evaluation in Selected
Volumes of Interest (VOIs)

Abbreviation Morphologic Parameter Standard Unit Description

TV Total volume of interest (mm3) Volume of the entire region of interest

BV Bone volume (mm3) Volume of the region segmented as bone

BV/TV Bone volume fraction (%) Ratio of the segmented bone volume to the total volume of the region

of interest

BS Bone surface (mm2) Surface of the region segmented as bone

BS/BV Specific bone surface (mm2/mm3) Ratio of the segmented bone surface to the segmented bone volume

Tb.Th Trabecular thickness (mm) Mean thickness of trabeculae, assessed using direct three-dimensional

methods

Tb.Sp Trabecular separation (mm) Mean distance between trabeculae, assessed using three-dimensional

methods

Tb.N Trabecular number (1/mm) Measure of the average number of trabeculae per unit of length

Tb.Pf Bone pattern factor (1/mm) Index of connectivity of bone

SMI Structural model index An indicator for the structure of trabeculae

FD Fractal dimension Measure of surface complexity of a trabecula

Po (tot) Total porosity percentage (%) Ratio of the volume of all open plus closed pores to the total volume

of interest

Conn.dn Connectivity density (1/mm3) Measure of the degree of connectivity of trabeculae normalized by TV
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lowest values for Tb.Sp and Po (tot), were found in the

IIP + IL group.

DISCUSSION

To our knowledge, this is the first study that uses CBCT

imaging to quantitatively examine the effects of different

implant protocols on the three-dimensional microstruc-

ture of peri-implant bone during a 2-month follow-up,

laying the groundwork for clinical application of CBCT

imaging for the diagnosis and prognosis of osseointe-

gration. The potential advantages of using CBCT images

are the abilities to image noninvasively, to visualize all

serial slices for unbiased comparison, and to repeat

follow-up measurements, which is almost impossible

with histology, where only a limited number of two-

dimensional thin slices can be inspected. While it is

generally acknowledged that grayscale values in the

reconstructed CBCT images do not allow direct assess-

ment of bone mineral density,18,19 it is feasible to quan-

tify bone structural variables from CBCT images,

provided that the spatial resolution is higher than the

thinnest trabecular structures.20 The CBCT imager used

in this study can display bone details at a minimum

voxel size of 80 mm, which is still finer than the thinnest

trabecular thickness of mandibular bone, in both

humans and dogs, as revealed by mCT.21,22 A morpho-

metric analysis of mandibular trabeculae reported that

BV/TV obtained using CBCT images was highly corre-

lated with CT values obtained using multislice CT

images, suggesting that trabecular morphometry can

even be used to evaluate the density of mandibular

cancellous bone.23 In addition to the application

reported in human condyle bone,24 the high-resolution

CBCT imager in our study further showed the ability to

visualize and analyze peri-implant bone structures in

three dimensions.

The present study revealed structural variation of

trabecular bone between different anatomical regions,

suggesting that coronal and middle bone sections had an

optimal trabecular structure around the implant to ini-

tiate better modeling or osteogenic responses, while the

apical bone section required more bone healing. The

coronal and middle regions had higher BV/TV values,

indicating a more compact trabecular structure, which

corresponds with a lower porosity percentage of bone

matrices in this area. This can also be explained by

observed thicker trabeculae (higher Tb.Th) with less

complexity (lower BS/BV) and more platelike trabecular

bone (lower SMI) in the coronal and middle regions. On

the contrary, the apical region showed lower FD and

Conn.dn, which implies less trabecular bone connected-

ness exists in this region. Furthermore, the apical trabe-

cular bone had a loose structure (lower Tb.N), which

was also reflected in an increased spacing between tra-

beculae (higher Tb.Sp). The finding is in full accordance

with previous studies performed with mCT25,26 and thus

provides the first evidence for CBCT as a reliable modal-

ity to analyze trabecular bone.

In view of the paucity of randomized controlled

trials applied to compare effects of different implant

protocols, we compared all the main available options

for implant protocols in both jaws of dogs, ranging from

TABLE 4 Comparison of Three-Dimensional CBCT Morphometric Parameters for Different Implant Protocols

Morphometric
Parameters Unit

All Regions

Control (n = 9) DIP + DL (n = 10) DIP + IL (n = 9) IIP + IL (n = 8)

BV/TV (%) 36.67 1 13.46 35.28 1 14.26 37.83 1 14.62 39.16 1 15.12

BS/BV (mm2/mm3) 9.52 1 1.70 13.41 1 4.13* 12.29 1 2.82* 12.02 1 2.27*

Tb.Th (mm) 0.46 1 0.07 0.39 1 0.08* 0.42 1 0.07 0.41 1 0.07

Tb.Sp (mm) 0.79 1 0.19 0.58 1 0.12* 0.59 1 0.15* 0.57 1 0.17*

Tb.N (1/mm) 0.80 1 0.24 0.87 1 0.24 0.88 1 0.28 0.92 1 0.29

Tb.Pf (1/mm) 1.24 1 2.17 2.35 1 2.13 1.45 1 2.21 1.93 1 2.48

SMI 1.48 1 0.74 1.70 1 0.39 1.54 1 0.49 1.60 1 0.55

FD 2.23 1 0.18 2.04 1 0.19* 2.10 1 0.15* 2.08 1 0.20*

Po (tot) (%) 63.33 1 13.46 64.72 1 14.26 62.17 1 14.62 60.84 1 15.13

Conn.dn (1/mm3) 2.47 1 1.05 6.45 1 2.79* 6.55 1 2.41* 6.73 1 3.66*

Values are shown as mean 1 SD.
*Significant difference (p < 0.001) between control and treatment groups.
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IIP + IL to DIP + DL, including DIP + IL as well as a

natural healing group. The results confirmed significant

differences in microstructure parameters between

implant protocols and control group, but failed to

support the clear superiority of one treatment over

the others to achieve remodeling and adaptation of

microarchitecture over a 2-month follow-up period. It

seems that the mastication, whether biting or chewing

forces, received from these implant protocols had some

level of significance with controls but was not sensitive

enough to have a measurable effect in the micro-

structures between implant protocols. Moreover, the

relatively short observation period of the present exami-

nation might be a restriction to a generalization of our

findings to humans. It is still unclear to what extent

mastication as a separate loading factor can influence

the bone microarchitecture and whether it is dominant

in initiating the bone remodeling. However, given

that the loading protocols may have other confounding

factors, such as the strain magnitude and frequency, ori-

entation, and duration of loading,27–29 the present results

probably can be used to establish a lower bound on

the achievable accuracy of prediction of morphometric

measures by CBCT.

Our results are consistent with those found in other

histomorphometric studies on two-dimensional histo-

logical slices. Romanos and colleagues30 reported that

in a circle of 500 mm around the implant, no difference

existed for BV/TV between DIP + IL and IIP + IL pro-

tocols. Later, other researchers indicated that within

2 mm of the implants, loading time does not seem to

significantly affect the degree of osseointegration or of

BIC or the composition of newly formed bone around

dental implants.31 However, it has also been described in

other studies that BV/TV, Tb.Th, and the platelike struc-

ture increased according to loadings, mechanical stimu-

lations, or masticatory forces.26,32,33 Interestingly, though

the differences in the parameters between these two pro-

tocols were not statistically significant, there was a trend

that the IIP + IL group, compared with the DIP + DL

group, had more plate-shaped trabeculae (lower SMI

and Tb.Pf), denser bone (higher BV/TV), more trabe-

culae (higher Tb.N), thicker trabeculae (higher Tb.Th),

higher trabecular connectivity (lower Po (tot)), and

higher structure strength (higher Conn.dn).

However, it should be pointed out that the ROIs

were set as far as 1 mm away from the surface of the

implant. Generally, the ROIs in the histological analysis

of peri-implant bone reactions range from 100 to

300 mm.34 The adaptive remodeling occurred more fre-

quently nearer to the implant surface in comparison

with the areas that are 500 mm away from the implant.30

Nevertheless, it has also been suggested that the bone

remodeling area could extend beyond 500 mm from the

implant socket margin.35 According to a histomorpho-

metric comparison in four species including humans,

the remodeling is greatest in the bone adjacent to

the interface (i.e., within 1 mm of the implant) and

decreases dramatically with increasing distance from

the implant.36 Moreover, a recent study stated that the

loading effect seems to decrease along with the distance

from the implant, although significant loading effects

were found in a distance range of 0 to 1 mm.37 Of the

young generated bone and old degenerated bone around

implants, the bone that lies further from the implant

(mature bone) has a denser trabecular bone structure,

while the bone closer to the implant (younger bone) is

more loosely structured, after 2 months of healing.38

Therefore, over- or underestimations of morphometric

parameters may occur depending on how much mature

bone is included in the ROIs.

In our study, the voxel size of 80 mm combined

with certain exposure situations from the CBCT imager,

especially when an initial optimized reconstruction was

applied, displayed a high level of bone structural details

at the peri-implant level. Yet titanium scatter during

CBCT imaging cannot be completely avoided, even

when reconstruction algorithms on the imaging data

largely compensate for it. This, theoretically, may lead

to a deviation between the morphometric parameters

obtained from CBCT and histomorphometry, especially

at ROIs which are immediately close to the implant.

According to mCT findings, a blurred border of 60 mm

was found around 3.5 mm-diameter screw-shaped tita-

nium implants.39 Therefore, a custom-made CTAn pro-

tocol was performed in order to automatically exclude

implants, and threshold values were chosen manually

based on the histogram of each image to correct for

metal artifacts. By using this method and adjusting the

binary pixels with the histogram, the exact contour of

the trabeculae in each image was determined. A draw-

back of this method is that adjustments are defined

visually, resulting in a relative variability of intra- and

interobserver measurements. More research is needed to

fully standardize imaging processing, minimize artifacts,

and optimize reconstruction algorithm and exposure
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factors, such as selecting the appropriate FOV or mAs,

for potential clinical applications of CBCT in bone

structural analyses.

CONCLUSIONS

Despite the limitations, the immediate implant place-

ment and loading protocol may have an improved

bone structural integration compared to that obtained

by normal extraction healing. The present findings do

not seem to suggest a different bone remodeling pattern

when a delayed versus an immediate implant placement

and loading protocol are used. Additionally, CBCT

combined with image processing is a potentially feasible

tool in evaluating the complex microarchitecture of

peri-implant trabecular bone, opening gates for clinical

follow-up analysis of bone healing, whether or not this is

peri-implant, and for clinical quality assessment studies.
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