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ABSTRACT

Purpose: The purpose of this study was to visualize and identify peri-implant bone defects in
optical coherence tomography (OCT) images and to obtain quantitative measurements of the
defect depth.

Methods: Dehiscence defects were intentionally formed in porcine mandibles and implants
were simultaneously placed without flap elevation. Only the threads of the fixture could be
seen at the bone defect site in the OCT images, so the depth of the peri-implant bone defect
could be measured through the length of the visible threads. To analyze the reliability of the
OCT measurements, the flaps were elevated and the depth of the dehiscence defects was
measured with a digital caliper.

Results: The average defect depth measured by a digital caliper was 4.88+1.28 mm, and

the corresponding OCT measurement was 5.11+1.33 mm. Very thin bone areas that were
sufficiently transparent in the coronal portion were penetrated by the optical beam in OCT
imaging and regarded as bone loss. The intraclass correlation coefficient between the 2
methods was high, with a 95% confidence interval (CI) close to 1. In the Bland-Altman
analysis, most measured values were within the threshold of the 95% CI, suggesting close
agreement of the OCT measurements with the caliper measurements.

Conclusions: OCT images can be used to visualize the peri-implant bone level and to identify
bone defects. The potential of quantitative non-invasive measurements of the amount of
bone loss was also confirmed.

Keywords: Diagnosis; Dental implants; Optical coherence tomography; Peri-implantitis

INTRODUCTION

Dental implant restoration for a missing tooth is now a routine procedure due to its

high predictability and reliability. Although a high survival rate is expected as a result of
developments in the field of implants, peri-implant disease and the importance of managing
peri-implant health is attracting interest.
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Peri-implant disease is classified as peri-implant mucositis, which refers to reversible
inflammation of the peri-implant soft tissue, or peri-implantitis, which is inflammation of
the soft tissue and concomitant irreversible loss of the supporting bone. Therefore, verifying
bone loss is essential for diagnosing peri-implantitis.

In clinical situations, intraoral and panoramic radiographs are the imaging tools most
commonly used to identify the peri-implant bone level. Although these techniques are readily
available and can be performed quickly and cost-effectively, they have also been suggested

to have limited diagnostic accuracy [1]. Because intraoral and panoramic radiographs are
2-dimensional images, the buccal and lingual surfaces are obscured and only the bone level
of the proximal surfaces can be evaluated. In addition, it has been reported that in these
radiographs, the interproximal bone level tends to be underestimated in the implants and in
the teeth [2-4]. Cone-beam computed tomography (CBCT) can be a complementary modality
as a 3-dimensional imaging technique, but it is expensive, involves a high dose of radiation,
and shows metal artifacts that may degrade visibility [5].

Efforts are continuing to develop better diagnostic tools, and optical coherence tomography
(OCT) is a potential technique [6]. OCT utilizes an optical source to obtain a high-resolution
image non-invasively without irradiation. Various applications of OCT are being studied both
in medicine and in dentistry [7]. In several studies using OCT for periodontal diagnosis,
images of normal periodontal tissue were obtained and evaluated [7-11]. In a previous study
by our group, we formed artificial periodontal pockets in a porcine model and confirmed that
quantitative measurements of pocket depth could be made by OCT [12].

The aim of this experimental study was to visualize and identify peri-implant bone defects in
OCT images and to obtain quantitative measurements of the defect depth.

MATERIALS AND METHODS

Sample preparation

Porcine mandibles were obtained from a butcher shop and sectioned, preserving the dental
structure and periodontal tissue. To evaluate the bone defects non-invasively, implants were
placed using the flapless technique. The implant sites were prepared by intentionally forming
dehiscence defects in the coronal part, and the depth of the resulting defects varied from
shallow to deep. Fifteen bone-level implants (Dentium Superline, Dentium Co., Ltd., Seoul,
Korea) were placed in 4 mandibles and parallel pins were connected (Figure 1A). The porcine
samples were immersed in saline and lightly air-dried before OCT imaging.

OCT image acquisition and quantitative measurements

The OCT system used in this study was a multipurpose commercially available system (Oz-
tec Co., Ltd., Daegu, Korea) with a swept laser source. The central wave length of the sweep
source was 1,310+10 nm at a 50 kHz sweep frequency, and the average output power was 16
mW. The system captured 500 frames per second with an axial resolution in the air of 7.56 um
and a lateral resolution 0f10.03 pum [12].

The OCT images of the porcine samples were stored as raw data and averaged to improve the

quality of images using a software package (MATLAB, MathWorks, Natick, MA, USA) [12].
For implants surrounded by bone, the fixture body was not visible in the OCT images because
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Implant fixture placement and parallel pin connection. A dehiscence defect was intentionally formed
and an implant fixture was placed in a porcine model without flap elevation (A). The flap was elevated to measure
the defect depth with a caliper (B, C).

the OCT light source could not penetrate the alveolar bone. Only the threads of the fixture
could be seen at the bone defect site, so the depth of the peri-implant bone defect could be
measured through the length of the visible threads. The threads of the fixture were detected
in the OCT images by the universal image threshold using Otsu's method (Figure 2) [13].
Because the actual physical distance of the pitch of the implant was known, the length of the
visible threads in the OCT images could be calculated numerically.

To compare the data measured from the OCT images to the actual bone defects, the flap was
elevated (Figure 1B and C) and the defect depth was measured with a digital caliper (Bluebird,
Seoul, Korea). Five measurements were made for each sample using both methods.

Data analysis

This study used the paired #test to compare the bone defect depth for 15 porcine samples in
which OCT and caliper measurements were made, and the intraclass correlation coefficient
(ICC) was used to evaluate the reliability of the OCT method.

Detection of threads of the implant fixture in an OCT image. (A) is a raw OCT image of the sample
and (B) is a calibrated image by the universal threshold using Otsu's method. The length of the visible threads,
indicated by the yellow line, was considered the depth of the bone defect.

OCT: optical coherence tomography.
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OCT image acquisition in the porcine samples. The mean values of the defect depth measured by OCT
were 3.53 mm (A), 4.17 mm (B), 4.73 mm (C), and 717 mm (D), respectively. The corresponding mean values
measured by a digital caliper were 3.35 mm (A), 4.12 mm (B), 4.43 mm (C), and 6.74 mm (D).

OCT: optical coherence tomography.

To verify the concordance between the 2 methods, a Bland-Altman plot was generated. This
is a scatter plot in which the means of and differences between each pair of measurements
are calculated for each subject; then, the means are plotted on the x-axis and the differences
are plotted on the y-axis. This method is frequently used in studies comparing 2 examination
methods, because it is very useful for investigating repeatability and reproducibility, as

well as disagreement between the 2 methods. In a Bland-Altman plot, 3 horizontal lines

are typically drawn parallel to the x-axis, with the middle line indicating the mean of the
differences between measurements, while the lines positioned on either side of this middle
line represent the upper and lower 95% limits of agreement [13]. Values mostly located
within this interval indicate a narrow distribution of the differences between measurements,
suggesting close agreement between the 2 test methods.

Statistical analysis was performed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA)
and the significance level was set at less than 0.05.

The OCT images obtained from the porcine samples after implant placement are shown in
Figure 3. The mean values of the defect depth measured by OCT were 3.53 mm (A), 4.17 mm
(B), 4.73 mm (C), and 7.17 mm (D), respectively. The corresponding mean values measured
by a digital caliper were 3.35 mm (A), 4.12 mm (B), 4.43 mm (C), and 6.74 mm (D) (Figure 3).
The average defect depth measured by a digital caliper was 4.88+1.28 mm, and the average
defect depth measured by OCT was 5.11+1.33 mm. The average measurement by OCT was
0.23 mm greater, and this was a significant difference (£<0.001) (Table 1). The ICC calculated

Comparison of the defect depths measured by OCT and a digital caliper

Method No. Mean+SD Difference Pvalue
Caliper 75 4.88+1.28 -0.230+0.318 <0.001
OCT 5.11+1.33

Values are presented as mean#SD.
OCT: optical coherence tomography, SD: standard deviation.
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Coefficients and 95% intraclass correlation confidence intervals for OCT measurements compared with
caliper measurements

Method ICC 95% CI
Caliper 0.99 0.976-0.991
OCT

OCT: optical coherence tomography, ICC: intraclass correlation coefficient, Cl: confidence interval.
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Bland-Altman plot of the estimated amount of bone loss, showing differences between measurements
made using calipers and OCT. The bold solid line is the mean of the average caliper and OCT values. The dotted
horizontal lines indicate 95% limits of agreement, as the mean of the 2 values minus 1.96 SDs and the mean plus
1.96 SDs, mean=(1.96xSD).

OCT: optical coherence tomography, SD: standard deviation.

for the reliability of the measurements using OCT was high, with a 95% confidence interval
(CI) close to 1 (Table 2).

The Bland-Altman chart is a method for observing agreement between 2 measurements.

The difference between the 2 measurements and the average of each measurement are taken
as 2 axes, and the degree of agreement is generally evaluated through the number of points
outside the 95% CI. In the Bland-Altman analysis, the mean value of the difference between
the OCT and caliper measurements for bone loss was -0.23, and the limits of agreement
(mean#2 standard deviation [SD]) were 0.39 for the upper limit and -0.85 for the lower limit,
respectively. Most of the measured values were within the threshold of the 95% CI (Figure 4).

DISCUSSION

Maintaining stability of the peri-implant crestal bone level is essential for the long-term success
of an implant. Adell et al. [14] were the first to report marginal bone loss, and a large portion of
the loss occurred during the first year of loading, after which it occurred to a very small extent.
According to the 1986 proposal of Albrektsson et al. [15], vertical bone loss of 0.2 mm per year
after the first year of loading can be considered successful, and this criterion is still used.

However, progressive bone loss beyond that range can lead to implant failure. A peri-
implantitis lesion can be more destructive than a periodontal lesion, potentially extending
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to the bone marrow [16]. Clinically, the progression of some peri-implant lesions appears

to be accelerating. Continuous monitoring of the crestal bone level, which allows the early
detection of disease and appropriate treatment, is of the utmost importance to maintain the
health of the peri-implant tissue [17].

Bone defect measurement using optical coherence tomography

Although the probing pocket depth is used as the most basic parameter for diagnosis, it
has limits in terms of quantitative evaluations. In addition to inherent drawbacks such as
low reproducibility of the insertion position, angle, and force, the presence and contour

of the abutment and prosthesis affect the measurements [18]. Moreover, probing has the
disadvantage of causing discomfort to the patient and can be more painful around implants
than around teeth [19].

Radiographs are a crucial diagnostic tool for confirming bone loss, but the current technique
is insufficient for estimating bone loss until at least 1.0 mm, which implies that early
detection is difficult [20]. Two clinical studies comparing periapical radiography and surgical
assessments for measuring peri-implant bone loss showed underestimation of 1.3 mm and
2.3 mm, respectively [3,4]. In a meta-analysis, when peri-implant bone defects were assessed
by CBCT and intraoral radiography, the accuracy was comparable and clinically acceptable,
but not high based on sensitivity and specificity of 60% [5].

In this study, dehiscence defects were intentionally formed and implants were simultaneously
placed without flap elevation in porcine mandibles. In the OCT images, the portion of the
fixture surrounded by the bone was not presented, while the fixture in the bone defect was
revealed. Therefore, peri-implant bone loss could be confirmed with OCT imaging and the
depth of the bone defect could be measured non-invasively through the length of the visible
threads. The average defect depth measured by a digital caliper was 4.88+1.28 mm, while the
corresponding value of the OCT measurements was 5.11+1.33 mm. The higher values of the
OCT measurements, by as much as 0.23 mm, may be considered clinically insignificant, but
this was nonetheless a statistically significant difference. An explanation for this difference
is that very thin bone areas that were sufficiently transparent in the coronal portion was
penetrated by the optical beam in OCT imaging and regarded as bone loss. In addition,

the ICC and the Bland-Altman plot for evaluating the reliability of the OCT measurements
showed high agreement with measurements made using a digital caliper after flap elevation.
Follow-up studies are needed to determine whether similar results can be obtained even in 7/
vivo clinical conditions.

In defining peri-implantitis, at the Eighth European Workshop of Periodontology meeting, 2
mm of vertical difference from the expected crestal bone level after remodeling was referred
to as the threshold level [21]. Various thresholds of radiographic bone loss in the range of
0.4 mm to 5.0 mm have been used to diagnose peri-implantitis in different studies [22].

A diagnostic tool that precisely expresses the condition of the region and enables accurate
quantitative measurements will be necessary to establish criteria for peri-implantitis. The
OCT technique, which can visualize tissue detail at high-resolution, may be a candidate for a
future diagnostic tool.

Within the limitations of this study, it can be concluded that OCT images can be used

to visualize the peri-implant bone level and to identify bone defects. The potential of
quantitative non-invasive measurements of the amount of bone loss was also confirmed.

https://doi.org/10.5051/jpis.2018.48.2.84 89


https://jpis.org

JPIS A

Bone defect measurement using optical coherence tomography

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

De Bruyn H, Vandeweghe S, Ruyffelaert C, Cosyn J, Sennerby L. Radiographic evaluation of modern oral
implants with emphasis on crestal bone level and relevance to peri-implant health. Periodontol 2000
2013;62:256-70.

PUBMED | CROSSREF

Christiaens V, De Bruyn H, Thevissen E, Koole S, Dierens M, Cosyn J. Assessment of periodontal bone
level revisited: a controlled study on the diagnostic accuracy of clinical evaluation methods and intra-oral
radiography. Clin Oral Investig 2018;22:425-31.

PUBMED | CROSSREF

Christiaens V, Jacobs R, Dierens M, Vervaeke S, De Bruyn H, Koole S, et al. Intraoral radiography

lacks accuracy for the assessment of peri-implant bone level - a controlled clinical study. Eur J Oral
Implantology 2017;10:435-41.

PUBMED

Garcia-Garcia M, Mir-Mari J, Benic GI, Figueiredo R, Valmaseda-Castellon E. Accuracy of periapical
radiography in assessing bone level in implants affected by peri-implantitis: a cross-sectional study. J Clin
Periodontol 2016;43:85-91.

PUBMED | CROSSREF

Bohner LOL, Mukai E, Oderich E, Porporatti AL, Pacheco-Pereira C, Tortamano P, et al. Comparative
analysis of imaging techniques for diagnostic accuracy of peri-implant bone defects: a meta-analysis. Oral
Surg Oral Med Oral Pathol Oral Radiol 2017;124:432-40.e5.

PUBMED | CROSSREF

Agrawal P, Sanikop S, Patil S. New developments in tools for periodontal diagnosis. Int Dent J 2012;62:57-64.
PUBMED | CROSSREF

Mota CC, Fernandes LO, Cimdes R, Gomes AS. Non-invasive periodontal probing through fourier-
domain optical coherence tomography. ] Periodontol 2015;86:1087-94.

PUBMED | CROSSREF

Colston BW Jr, Everett MJ, Da Silva LB, Otis LL, Stroeve P, Nathel H. Imaging of hard- and soft-tissue
structure in the oral cavity by optical coherence tomography. Appl Opt 1998;37:3582-5.

PUBMED | CROSSREF

Fernandes LO, Mota CC, de Melo LS, da Costa Soares MU, da Silva Feitosa D, Gomes AS. In vivo
assessment of periodontal structures and measurement of gingival sulcus with Optical Coherence
Tomography: a pilot study. ] Biophotonics 2017;10:862-9.

PUBMED | CROSSREF

Hsieh YS, Ho YC, Lee SY, Lu CW, Jiang CP, Chuang CC, et al. Subgingival calculus imaging based on
swept-source optical coherence tomography. ] Biomed Opt 2011;16:071409.

PUBMED | CROSSREF

ParkJY, ChungJH, Lee JS, Kim H]J, Choi SH, Jung UW. Comparisons of the diagnostic accuracies of
optical coherence tomography, micro-computed tomography, and histology in periodontal disease: an ex
vivo study. J Periodontal Implant Sci 2017;47:30-40.

PUBMED | CROSSREF

Kim SH, Kang SR, Park HJ, Kim JM, Yi WJ, Kim TI. Improved accuracy in periodontal pocket depth
measurement using optical coherence tomography. J Periodontal Implant Sci 2017;47:13-9.

PUBMED | CROSSREF

Altman DG, Bland JM. Measurement in medicine: the analysis of method comparison studies. Statistician
1983;32:30717.

CROSSREF

Adell R, Lekholm U, Rockler B, Branemark PI. A 15-year study of osseointegrated implants in the
treatment of the edentulous jaw. Int J Oral Surg 1981;10:387-416.

PUBMED | CROSSREF

Albrektsson T, Zarb G, Worthington P, Eriksson AR. The long-term efficacy of currently used dental
implants: a review and proposed criteria of success. Int ] Oral Maxillofac Implants 1986;1:11-25.
PUBMED

Lindhe J, Berglundh T, Ericsson I, Liljenberg B, Marinello C. Experimental breakdown of peri-implant and
periodontal tissues. A study in the beagle dog. Clin Oral Implants Res 1992;3:9-16.

PUBMED | CROSSREF

Heitz-Mayfield L], Lang NP. Comparative biology of chronic and aggressive periodontitis vs. peri-
implantitis. Periodontol 2000 2010;53:167-81.

PUBMED | CROSSREF

https://jpis.org https://doi.org/10.5051/jpis.2018.48.2.84 90


http://www.ncbi.nlm.nih.gov/pubmed/23574471
https://doi.org/10.1111/prd.12004
http://www.ncbi.nlm.nih.gov/pubmed/28550521
https://doi.org/10.1007/s00784-017-2129-8
http://www.ncbi.nlm.nih.gov/pubmed/29234750
http://www.ncbi.nlm.nih.gov/pubmed/26660842
https://doi.org/10.1111/jcpe.12491
http://www.ncbi.nlm.nih.gov/pubmed/26660842
https://doi.org/10.1111/jcpe.12491
http://www.ncbi.nlm.nih.gov/pubmed/22420472
https://doi.org/10.1111/j.1875-595X.2011.00099.x
http://www.ncbi.nlm.nih.gov/pubmed/25879790
https://doi.org/10.1902/jop.2015.150047
http://www.ncbi.nlm.nih.gov/pubmed/18273327
https://doi.org/10.1364/AO.37.003582
http://www.ncbi.nlm.nih.gov/pubmed/27503608
https://doi.org/10.1002/jbio.201600082
http://www.ncbi.nlm.nih.gov/pubmed/21806255
https://doi.org/10.1117/1.3602851
http://www.ncbi.nlm.nih.gov/pubmed/28261522
https://doi.org/10.5051/jpis.2017.47.1.30
http://www.ncbi.nlm.nih.gov/pubmed/28261520
https://doi.org/10.5051/jpis.2017.47.1.13
https://doi.org/10.2307/2987937
http://www.ncbi.nlm.nih.gov/pubmed/6809663
https://doi.org/10.1016/S0300-9785(81)80077-4
http://www.ncbi.nlm.nih.gov/pubmed/3527955
http://www.ncbi.nlm.nih.gov/pubmed/1420727
https://doi.org/10.1034/j.1600-0501.1992.030102.x
http://www.ncbi.nlm.nih.gov/pubmed/20403112
https://doi.org/10.1111/j.1600-0757.2010.00348.x
https://jpis.org

JPIS A

Bone defect measurement using optical coherence tomography

https://jpis.org

18.

19.

20.

21.

22.

Serino G, Turri A, Lang NP. Probing at implants with peri-implantitis and its relation to clinical peri-
implant bone loss. Clin Oral Implants Res 2013;24:91-5.

PUBMED | CROSSREF

Ringeling J, Parvini P, Weinbach C, Nentwig GH, Nickles K, Eickholz P. Discomfort/pain due to pocket
probing at teeth and endosseous implants: a cross-sectional study. Clin Oral Implants Res 2016;27:1005-9.
PUBMED | CROSSREF

Benn DK. A review of the reliability of radiographic measurements in estimating alveolar bone changes. J
Clin Periodontol 1990;17:14-21.

PUBMED | CROSSREF

Coli P, Christiaens V, Sennerby L, Bruyn H. Reliability of periodontal diagnostic tools for monitoring peri-
implant health and disease. Periodontol 2000 2017;73:203-17.

PUBMED | CROSSREF

Tomasi C, Derks J. Clinical research of peri-implant diseases--quality of reporting, case definitions and
methods to study incidence, prevalence and risk factors of peri-implant diseases. ] Clin Periodontol
2012;39 Suppl 12:207-23.

PUBMED | CROSSREF

https://doi.org/10.5051/jpis.2018.48.2.84 a1


http://www.ncbi.nlm.nih.gov/pubmed/22462625
https://doi.org/10.1111/j.1600-0501.2012.02470.x
http://www.ncbi.nlm.nih.gov/pubmed/26183155
https://doi.org/10.1111/clr.12669
http://www.ncbi.nlm.nih.gov/pubmed/2404031
https://doi.org/10.1111/j.1600-051X.1990.tb01041.x
http://www.ncbi.nlm.nih.gov/pubmed/28000267
https://doi.org/10.1111/prd.12162
http://www.ncbi.nlm.nih.gov/pubmed/22533958
https://doi.org/10.1111/j.1600-051X.2011.01831.x
https://jpis.org

	Quantitative measurement of 
peri-implant bone defects using optical coherence tomography
	INTRODUCTION
	MATERIALS AND METHODS
	OCT image acquisition and quantitative measurements
	Data analysis

	RESULTS
	DISCUSSION
	REFERENCES


