
- 173 -

Imaging Science in Dentistry 2016; 46: 173-8
http://dx.doi.org/10.5624/isd.2016.46.3.173

Introduction
Optical coherence tomography (OCT) is a diagnostic 

imaging tool that uses low coherence interferometry to 
determine the delay and magnitude of backscattered light 
reflected from a biological structure (Fig. 1).1,2 OCT im-

ages differentiate the optical properties of tissues. OCT is 
an imaging method based on non-ionizing radiation and 
can provide an image in real-time. The image appears the 
instant OCT is applied to the object. In the field of oph-
thalmology, OCT is widely used in the clinic. In the field 
of dentistry, many studies have been performed for using 
OCT as a diagnostic tool for dental treatments. Wada et 
al.3 demonstrated demineralization at non-carious cervical 
lesions, and Nakagawa et al.4 have shown the correspon-
dence of histological observation and OCT images of car-
ious lesions.

The endosseous dental implant is a well-established 
prosthetic treatment alternative in modern dentistry.5-8 

The effectiveness of optical coherence tomography for evaluating peri-implant tissue:  
A pilot study

Minoru Sanda1, Makoto Shiota1,*, Chiharu Imakita1, Aoi Sakuyama2, Shohei Kasugai1, Yasunori Sumi3

1Department of Oral Implantology and Regenerative Dental Medicine, Graduate School of Medical and Dental Sciences, Tokyo Medical 
and Dental University, Tokyo, Japan 
2Department of Oral Surgery, Jichii Medical University Hospital, Tochigi, Japan 
3Division of Oral and Dental Surgery, Department of Advanced Medicine, National Hospital for Geriatric Medicine, National Center for 
Geriatrics and Gerontology, Obu, Japan

AbsTrAcT

Purpose: Optical coherence tomography (OCT) has been investigated as a novel diagnostic imaging tool. The 
utilisation of this equipment has been evaluated through several studies in the field of dentistry. The aim of this 
preliminary study was to determine through basic experiments the effectiveness of OCT in implant dentistry.
Materials and Methods: To assess detection ability, we captured OCT images of implants in each of the following 
situations: (1) implants covered with mucosae of various thicknesses that were harvested from the mandibles 
of pigs; (2) implants installed in the mandibles of pigs; and (3) implants with abutments and crowns fixed with 
temporary cement. The OCT images were captured before cementation, after cementation, and after removing the 
excess submucosal cement.
results: If the thickness of the mucosa covering the implant body was less than 1 mm, the images of the implants 
were clearly detected by OCT. In the implants were installed in pigs’ mandibles, it was difficult to capture clear 
images of the implant and alveolar bone in most of the samples. Remnants of excess cement around the implants 
were visible in most samples that had a mucosa thickness of less than 3 mm.
conclusion: Currently, OCT imaging of implants is limited. Cement remnants at the submucosal area can be 
detected in some cases, which can be helpful in preventing peri-implant diseases. Still, though there are some 
restrictions to its application, OCT could have potential as an effective diagnostic instrument in the field of implant 
dentistry as well. (Imaging Sci Dent 2016; 46: 173-8)

Key words:   Dental Implants; Tomography, Optical Coherence; Peri-Implantitis

Copyright ⓒ 2016 by Korean Academy of Oral and Maxillofacial Radiology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)  

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Imaging Science in Dentistry·pISSN 2233-7822 eISSN 2233-7830

*This work was supported by a Grant-in-Aid for Scientific Research from the 
Japan Society for the Promotion of Science (JSPS); and a Research Grant for 
Longevity Sciences (21A-8) from the Ministry of Health, Labor and Welfare.
Received February 23, 2016; Revised May 9, 2016; Accepted May 15, 2016 
*Correspondence to : Dr. Makoto Shiota
Department of Oral Implantology and Regenerative Dental Medicine, Graduate 
School of Tokyo Medical and Dental University, 1-5-45 Yushima, Bunkyo-ku, Tokyo 
113-8549, Japan
Tel) 81-3-5803-5774, Fax) 81-3-5803-5774, E-mail) mshiota.impl@tmd.ac.jp



The effectiveness of optical coherence tomography for evaluating peri-implant tissue: A pilot study

- 174 -

However, as this treatment becomes more common, com-
plications related to dental implants are an increasing 
problem.9 Of the possible technical or biological com-
plications, peri-implantitis is a major concern because of 
its lack of an established treatment strategy, its relation 
to implant loss, and the subsequent difficulty in recover-
ing implant function. Since peri-implantitis is difficult to 
treat, prevention before the progression of the disease is 
crucial. For detecting peri-implantitis, probing around an 
implant and radiographic evaluation are common ways 
to monitor the peri-implant tissue. With OCT, additional 
findings could be obtained. 

For example, the remnants of luting cement left behind 
during an implant procedure are known as an iatrogenic 
cause of peri-implant disease.10 Although the radiograph 
may disclose the cement left in mesial and distal sites, the 
cement remnants at buccal and lingual/palatal sites cannot 
be evaluated without surgical intervention. In such a sit-
uation, an OCT image may be helpful for examining the 
peri-implant tissue without surgical invasion. The aim of 
this preliminary study was to determine through basic ex-
periments the power of OCT for use in implant dentistry.

Materials and Methods
A dental OCT system (Prototype 2; Panasonic Health-

care Co., Ltd., Ehime, Japan) was employed in this ex-
periment (Fig. 2). This OCT system incorporates a high-
speed frequency-swept external cavity laser with a probe 
power range from 5 mW to 20 mW. The central wave-
length is 1330±10 nm at a 30 kHz sweep rate. The axial 
resolution of this device is 12 μm in air. The lateral reso-

lution of 20 μm is determined by the objective lens of the 
probe. A 2000 × 1019 pixel image is obtained simultane-
ously and generated in a few hundred milliseconds.

In order to evaluate the detectability of the implant 
under the mucosal tissue, a dental implant (Straumann 
standard implant RN, Straumann Japan, Tokyo, Japan) 
was covered with pig’s oral mucosa (Fig. 3). The muco-
sae were harvested from the hard palates of dead pigs for 
meal consumption. The thicknesses of the mucosae were 
measured by penetrating a needle with a rubber stop and 
their thicknesses varied from 0.35 mm to 2.65 mm. An 
OCT image of the implant neck surrounded by the muco-
sa was captured. In order to evaluate the detectability of 
bone surrounding the implant and the implant under bony 
tissue, implants were embedded in the jawbone of a dead 
pig and the OCT image of the marginal parts was cap-

Fig. 1. The mechanism of optical coherence tomography is illus-
trated.

Fig. 2. A photograph of the machine of a dental optical coherence 
tomography system (Prototype 2; Panasonic Healthcare Co., Ltd., 
Ehime, Japan). 
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tured (Fig. 4). A cone-beam computed tomographic image 
of this implant is also included in Figure 5.

In order to assess the remnants of luting cement left in-
side the implant sulcus, an abutment (RN solid abutment, 
4-mm height, Straumann Japan, Tokyo, Japan) was fixed 
to the implants in the pig jaw and a ready-made resin cap 

(RN Protective Cap for RN Solid abutment, Straumann 
Japan, Tokyo, Japan) was used as a crown. The cap was 
connected to the abutment without cement and OCT im-
ages were captured. Next, the cap was fixed with tem-
porary cement (Temporary Hard Cement, Shofu, Kyoto, 
Japan) to the abutment and OCT images were captured 
after removing supramucosal excess cement. After that, 
excess cement in the submucosal region was removed 
using a dental explorer and OCT images were captured. 
Finally, the mucosa was removed to confirm if there were 
remnants of cement around the prosthetic margin. The ex-
perimental flow is shown in Figure 6. The samples were 
classified into the following 5 categories: (A) Cements 
were detected both by OCT and directly; (B) Cements re-
mained but were not detected by OCT (false negative); (C) 
Cements were detected by OCT, but none remained (false 
positive); (D) Cements were detected neither by OCT 
nor directly, and (E) Undeterminable. The thickness and 
sulcus depth of the peri-implant mucosa in each of the 
samples were measured and the mean value for each was 
calculated. 

results
The OCT images displaying the thickness of the pig’s 

oral mucosa are shown in Figure 7. Of the implant sam-
ples covered with a mucosa thickness ranging from 0.35 
mm to 1.11 mm, the surface of the implant body under-
neath the mucosa was revealed. However, the object was 
impossible to detect in samples with a thickness of 2.65 
mm.

The captured images of implants embedded in the pig’s 
jawbone are shown in Figure 8. In all images, the implant 
body and the alveolar bone could not be clearly recog-
nized and only the surface of the mucosa was shown.

Fig. 3. A dental implant (Straumann standard implant RN) is cov-
ered with pig’s oral mucosa for evaluating the detectability of an 
implant underneath mucosa via optical coherence tomography.

Fig. 4. An implant is installed in the jawbone of a dead pig.

Fig. 5. A cross-sectional cone-beam computed tomographic image 
shows the embedded implant in the jawbone of the pig.
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Fig. 6. This workflow shows the procedure of evaluation for the remnants of submucosal cement.

Fig. 7. The optical coherence tomogra-
phy images of implants surrounded by 
mucosa in each thickness are lined up.

Fig. 8. The optical coherence tomog-
raphy images of implants embedded in 
pig’s jawbone are lined up with each 
mucosal thickness.
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Among the 16 samples, the number of each group was 
as follows: (A) 6; (B) 2; (C) 5; (D) 2; and (E) 1. The range 
and mean value of the thicknesses of peri-implant muco-
sae in each group were as follows; (A) 1.55-3.1, 2.24; (B) 
2.96-3.3, 3.13; (C) 0.8-3.22, 2.28; (D) 2.5-3.98, 3.24; and 

(E) 2.3, 2.3. The depths of the peri-implant sulci were as 
follows: (A) 1-2, 1.67; (B) 2.5-4, 3.25; (C) 1.5-3, 2; (D) 
2-3, 2.5; and (E) -1.5, -1.5. Overall, the remnants of ce-
ment were detectable when the sulcus depth was less than 
2 mm and the thickness of the mucosa was less than 3 
mm. The results are summarized in Table 1. OCT images 
of a typical sample are shown in Figure 9.

discussion
In this preliminary study, we investigated the effective-

ness of OCT for evaluating peri-implant tissue and detect-
ing foreign bodies at the submucosal area. These could 
be captured by OCT if the peri-implant mucosa was rela-
tively thin. In most of the other articles, the effective pen-
etrating depth of OCT was 2-3 mm11,12 and that coincided 
with the results of this experiment. 

Radiography has been the major diagnostic imaging 
tool used in dental practice. On the other hand, OCT 
is entirely different from radiographic imaging, so this 

might allow us to reveal peri-implant conditions that have 
never been detected without OCT. In fact, it has been 
proven that OCT has the potential to evaluate small car-
ies,4 tooth demineralisation,3 and oral cancer12,13 from a 
different perspective. Each OCT image depicts the highly 
detailed microstructural images of the surface of the ob-
ject as if the histologic image were in black and white. 

From the results of Experiment 1, the submucosal ob-
jects could be detected by OCT if the thickness of the 
mucosa was less than 2.5 mm, and in the results of Ex-
periment 3, cement remnants at the submucosa surround-
ing the implant could be detected by OCT as long as the 
sulcus depth was less than 2 mm and the thickness of the 
mucosa was less than 3 mm. When it comes to the sulcus 
depth, the cement might be detected by OCT if the pros-
thetic margin is appropriately designed, because it is said 
that to completely remove the cement residue, the margin 
should be placed less than 1.5 mm submucosally.14

As dental implants increase in number, the complica-
tions presented by peri-implant disease have turned into 
a significant challenge in recent years. In the case of 
peri-implantitis, as there is still no definitive treatment 
strategy, early detection and prevention is especially crit-
ical. At the same time, iatrogenic factors, such as cement 
remnants, should be absolutely avoided. Utilization of 

Table 1. The detectability of cement remnants by optical coherence tomography (OCT) according to mucosa thickness and sulcus depth

Remnants of cement Detectability by OCT n Thickness of mucosa
(Mean value)

Depth of sulcus
(Mean value)

1
2
3
4
5

+
+
-
-

+
-
+
-

6
2
5
2
1

1.55-3.1 (2.24)
2.96-3.3 (3.13)
0.8-3.22 (2.28)
2.5-3.98 (3.24)

2.3 (2.3)

1-2 (1.67)
2.5-4 (3.25)
1.5-3 (2.00)

2-3 (2.50)
-1.5 (-1.5)Undeterminable

Fig. 9. The optical coherence tomography images in each step during the evaluation of the cement remnants are exhibited.
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OCT as an additional modality for monitoring peri-im-
plant tissue may prove significantly beneficial to implant 
treatments.

Since OCT uses infrared light to depict the object, it is 
not able to deeply penetrate a red substance such as mu-
cosal tissue and the translucent tissue such as enamel is 
better for targeting. To dispense with this shortcoming, 
local anaesthesia with vasoconstrictors might be applied 
to fade the red color out and make it easy to penetrate. 
The present experiments sought to demonstrate the de-
tectability of an object visualized using OCT. Therefore, 
the digitized data of an OCT image may detect the signal 
changes and structure underneath. Future in vivo studies 
are required to confirm the efficacy of OCT in clinical 
practice. 

Although OCT imaging of implants is relatively limited 
at present, structures underneath the peri-implant mucosa, 
such as left-behind remnants of cement, can be detected 
in some cases. Additionally, OCT is helpful in preventing 
peri-implant disease. Despite limitations to its applica-
tion, OCT has the potential to be an effective diagnostic 
device in the future.
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