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ABSTRACT 

 

 This paper aims to affirm various new applications of single photon emission computed 

tomography (SPECT) technique by utilizing the pig’s models. Evaluation and subsequent 

analysis of SPECT results was conducted on the jaws of eight experimental pigs with a total 

of 16 areas of interest. The various reasons for which each experiment was conducted were 

evaluated and these reasons include: i) validation of a new bone grafting technique for closure 

of oro-antral communications, ii) comparison of autogeneous bone graft with other bone 

grafts, iii) sequential confirmation of osteoblastic activity of the sandwich bone regeneration 

technique with another technique, iv) validation of the use of a new membrane for guided 

tissue regeneration (GTR), v) validation of the fact that osseointegration is better with beaded 

implants than with threaded implants, and vi) validation of the fact that GTR is essential for 

immediate implant practice.  
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The outcome of this evaluation is critically analysed against the background of the substantial 

clinical evidence were applicable, so as to appreciate the position of SPECT. Following the 

evaluation of 16 areas of interest in eight experimental pigs, it was shown that experimental 

SPECT was valuable in the validation of the above reasons. It appears to be a modality that 

can continuously be utilized to validate and compare situations which would display 

osteoblastic activities. It is concluded that the bone scintigraphy imaging technique accurately 

reflects osteoblastic activities and can now be used to validate osseointegration of any implant 

or bone-grafting system. This can be done in conjunction with histological and 

histomorphometic analysis and such results obtained from SPECT should be correlated with 

the histological and histomorphometric analysis if available. 
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INTRODUCTION 

 

Single photon emission computed tomography (SPECT) is an imaging technique that refines 

planar imaging and permits a more precise quantization of images acquired by common 

tomographic techniques by removing the focus from regions not of clinical interest. Single 

photon emission computed tomography is well established and has found successful clinical 

application for the study of many organs systems, including the skeletal system (1–11). 

Bone scintigraphy accurately reflects osteoblastic activity (12) and reveals 

morphological changes in the developing bone.  Consequently, scintigraphy provides a better 

method than digitized radiography and computed tomography for quantification of bone 

changes, which fails to detect the dynamics of osteoblastic activity (13–16).  

The underlying principles of SPECT are common to most tomographic imaging 

techniques. The intravenous injection of a radiopharmaceutical agent (such as technetium 

99m) which contains a single gamma-photon-emitting radionuclide allows the capture of a 3-

dimensional representation of the distribution of radioactivity within an organ or an area of 

interest in which the radiopharmaceutical’s distribution is localized (17).  The image is 

captured with a rotating gamma camera, and the acquired data are then processed by a 

computer (17).  The initial cross-sectional (trans-axial) representation of the distribution of 

radioactivity can be used to reconstruct sagittal and coronal images. The ability for multiplane 

image reconstruction confers greater diagnostic accuracy for SPECT, permits accurate 

volumetric measurements and allows quantitation of the distribution of radioactivity in terms 

of uCi per unit volume of tissue (18).  
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The unique ability of SPECT to quantitate physiological events, such as osteoblastic 

activity by using a bone-seeking radiopharmaceutical makes SPECT outstanding in 

comparison with other tomographic techniques which provide excellent morphological 

details, but not quantitative physiological information. This paper describes the application of 

SPECT in the evaluation of bone regeneration studies in a pig model, with a view to 

establishing the various possible uses of this novel technique. 
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SUBJECTS AND METHODS 

 

All the files relating to the pigs utilized for experimental SPECT at the School of Veterinary 

Medicine between 2005 and 2008 (ie a period of three years) were reviewed for the indication 

for the experiment conducted. The objectives of the pigs’ studies were evaluated and the 

outcome of the result critically analysed to ascertain that (experimental) SPECT was utilized 

successfully to validate the objectives of the studies. 
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RESULTS 

A total of 16 areas of interest were analysed.  Twelve of these areas were rectangular defects 

of 17 mm x 12 mm which were surgically created and had implantation of the Ogunsalu 

sandwich unit (or particulate bone (Bio-Oss)) covered with interceed resorbable material.              

The remaining areas were immediate extraction sites which received endosseous implants, 

one of which had autogeneous bone graft in conjunction with GTR done with the immediate 

implant placement in the right side of the mandible of a pig (this was compared with the left 

side which had no bone grafting or GTR done) and in another pig, the Entegra implant system 

(ie screw implant) was compared with porous beaded implants (ie the Endopore implant 

system). 

The result of our analysis of the SPECT in relation to these 16 areas of interest reveals 

that SPECT can be authentically utilized for the following: 

 Validation of a new bone regeneration technique (Fig. 1). 

 Comparison of autogeneous bone graft with any other bone substitutes (Fig. 1, Table 1). 

 Comparison of any of the bone substitutes (second-hand bones) with each other. 

 Sequential evaluation of a new bone regeneration technique (Figs. 2–5, Table 2). 

 Sequential comparative evaluation of a new bone regeneration technique with another 

technique (Figs. 2–6). 

 

 Validation of a new type of membrane for GTR in terms of bone formation. 

 Comparison of the bone formed when two types of GTR membrane are used (Fig. 2). 

 Comparison of the osteoblastic activity and osseointegration between two implant 

systems (Fig. 6). 

 

 Comparison of the osteoblastic activity and osseointegration of immediate implant when 

autogeneous bone graft with GTR is utilized versus when no GTR is done (Fig. 7). 
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DISCUSSION  

 

The technique of SPECT which has found successful clinical application for the study of 

many organ systems including the skeletal system (19, 20) recently gained attention in the 

field of dental implantology when Khan et al (17) demonstrated its role in the osseous 

integration process of dental implant. They utilized SPECT as a simple, reproducible, 

objective and physiologic approach to study the osseous integration process that occurs after 

endosseous dental implants are placed. They concluded that this method of SPECT also has 

the capability of quantitating bone activity in absolute terms of uCi/gram (microcurie per 

gram) and can be useful when bone grafting and other surgical procedures are involved and 

investigated. 

It is for this reason that further applications for this novel technique were investigated by 

Ogunsalu and co-workers (21). The result of our analysis showed that by using SPECT in a 

single experiment we can validate a new bone regeneration technique and compare 

autogeneous bone graft with any other bone substitute in terms of osteoblastic activity (Fig. 

1). Because of the above-mentioned validation utilizing SPECT, one can deduce that it can 

also be utilized to compare any of the bone substitutes (second-hand bones) in the market with 

each other. 

Also, sequential evaluation of activities that occur over a period of up to 24 weeks or 

more when a new bone regeneration technique is utilized can be a new or additional 

application for SPECT (Figs. 2–5, Table 2). As such, SPECT can also be used for the 

validation and comparison of any two-bone regeneration technique. 
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In our review, SPECT has also been found useful in the comparative evaluation of GTR 

when two different resorbable membranes are utilized and as such can be used similarly to 

compare GTR when resorbable versus non-resorbable membrane is used (Figs. 2–5, Table 2). 

Finally, the technique of SPECT has found application in the comparison of the 

osteoblastic activity and osseointegration between two implant systems and between a clinical 

situation in which immediate implant was done in conjunction with bone grafting and GTR 

versus without bone grafting and GTR. 

 

CONCLUSION 

 

Single photon emission computed tomography is a unique imaging modality for assessment of 

osteoblastic activity and osseointegration in any experimental or clinical situation; as such, 

various applications for SPECT have been introduced recently and it would seem that more 

applications would still emerge in the near future. 
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                                           Figure 1(a).                                                                Figure 1(b) 

Illustrating the osteoblastic activity (1a) and activity curve (1b) at 14-weeks  

when the autogenous sandwich is compared with the Bio-Oss sandwich 

 

 

 

 
 

 

                                      Figure 2(a)                                                                    Figure 2(b) 

Illustrating the osteoblastic activity (2a) and activity curve (2b) at 8 weeks  

when the Bio-Oss sandwich unit is compared with the conventional GTR technique 
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                                      Figure 3(a)                                                                     Figure 3(b) 

Illustrating the Sequential osteoblastic activity (3a) and activity curve (3b) at 11 weeks 

 

 

 

 
 

 

 

 

 

 

                                      Figure 4                                                                 Figure 5 
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Illustrating the Sequential activity curves at 13 weeks  and at 17 weeks (5) respectively 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Sequential activity curve at 24-

weeks 
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Figure 7(a)                                                                           Fig 7b 

Illustrating the osteoblastic activity (7a) and activity curve (7b) when Endopore implant is 

utilized 

as to when Entegra implant is utilized for GTR 
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Figure 8(a)                                                                            Figure 8(b)  

Illustrating the osteoblastic activity (8a) and activity curve (8b) when immediate implant is 

done 

with bone grafting and GTR vs when no bone grafting is done 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Comparison of the osteoblastic activity between the xenograft and autograft 

sandwich unit 
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Site Component of sanwish unit Size pixel Avg. 

count 

Sum 

1. Right 

mandible 
a. Membrane – Bio-Gide  

b. Bone substitute - autograft 

112 99.7 11167 

2. Left 

mandible 
a. Membrane – Bio-Gide  

b. Bone substitute – 

xenograft (BIO-OSS  

129 73.1 9425 

 

 

Table 2. Comparative Average Count and Activity Ratio 

Sides Pig No.2 Pig No.3 Pig No.4 Pig No.5 Pig No.6 

Mandibles L R L R L R L R L R 

Time (weeks) 8  11  13  17  24  

Component of 

Sandwich Unit  

B A B A B A B A B A 

Size of Pixel           

Average Count 20

0 

25

0 

 245 170 260 530 660  200 

Activity Ratio 1.25 .89 1.53 1.18 .77 

A – Consists of Bio-oss sandwiched between two BioGude sheaths (the so-called classical 

sandwich unit);   B – The same quantity of Bio-oss in A above covered with a sheath of 

interceed membrane 

 

 

 


