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INTRODUCTION

• In orthodontics, one of the major goals is to resolve craniofacial

discrepancies and properly align teeth for aesthetics and function.

To achieve this, a detailed analysis should be performed on a lateral

cephalogram. The accurate position of landmarks can give the

clinician an exact analysis. Thus, localization of landmark position is

important.

• Recently, automated cephalometric detection was developed along

with convolutional neural network (CNN) models to shorten

consuming time, improve accurate landmark detection, and reduce

random errors. Among CNN models, “Deep Anatomical Context

Feature Learning” (DACFL) outperformed state-of-the-art methods

on the ISBI 2015 with high performance. A research question is

raised: does DACFL achieve high performance on private dataset?

• In another aspect, most research has been focused on head-to-head

comparisons between artificial intelligence (AI) and human in

landmarks detection. AI's support for humans in diagnosis may

become more useful and practical. This leads to a question: will

human-AI collaboration do better than a single? Therefore, the aim

of our study was to evaluate the performance of DACFL model on

private dataset and the impact of AI-based support on the beginners

in cephalometric landmark detection.

MATERIALS AND METHODS

OVERVIEW OF RESULTS

CONCLUSION

• Our study showed that the DACFL model achieved an SDR of

73.17% within a 2-mm threshold on the private dataset.

• The beginner-AI collaboration improved the SDR by 5.33% within a

2-mm threshold and improved the SCR by 8.38% when com-pared

with beginners.

• These results suggest that the DACFL model is applicable to

clinical orthodontic diagnosis.

RESULTS

• In the table 3, DACFL showed the average of MRE was 1.87 mm.

Among 41 landmarks, sella had the smallest MRE (0.76 mm) while

glabella had the largest MRE (5.18 mm).

• As presented in Figure 2, DACFL achieved the averages of SDR of

73.32%, 80.39%, 85.61%, and 91.68% within 2-, 2.5-, 3-, and 4-mm,

respectively. Across all ranges, sella had the largest SDR while

glabella had the smallest SDR. SDRs of maxilla 1 root (38%),

mandible 6 root (36%), glabella (32%), and soft tissue nasion (38%)

were low within 2-mm threshold. Across all ranges, SDRs were

improved with AI support. However, the improvements were

insignificant. Within 2-mm threshold, beginners-AI collaboration

improves 5.33% of SDR.

• AI showed positive impact on almost landmarks (Figure 3) and

there were small changes in the positions of the landmarks (Figure

4).

• With AI support, SCRs of all measurements were increased up. The

average of SCR increased 8.38% (Figure 5).

• Beginners were 20 final year students. 10

cephalograms that had been analyzed twice

(at a 2-week interval) were used to evaluate

the support ability of AI If the students

change their answers by replacing AI’s

answers, the changes were recorded.

• Evaluation metrices include mean radial error

(MRE), successful detection rate (SDR) within

2-, 2.5-, 3-, and 4-mm threshold, and

successful classification rate (SCR).

Table 2. List of measurements

• 1293 lateral cephalograms of 6- to 18-year-old

children and adolescents who visited the

Department of Pediatric Dentistry from 2008

to 2018.

• 41 landmarks were manually identified by

dental residents.

Figure 1. Workflow diagram of the study plan.

Figure 2. Comparison between the beginner-only and beginner-AI

groups in terms of the successful detection rate. A t-test was applied to

compare the average successful detection rates between the beginner-

only and beginner-AI groups within 2, 2.5, 3, and 4-mm thresholds. The

beginner-AI collaboration improved the successful detection rates within

2, 2.5, 3, and 4-mm thresholds.

Abbreviations: AI, artificial intelligence; ns, not significant

Figure 3. Benefit of beginner-AI collaboration in the detection of

cephalometric landmarks. Based on successful detection rate for each

landmark within a 2-mm threshold, the benefits of be-ginner-AI

collaboration were analyzed. In general, this collaboration has shown

positive impact on majority of cephalometric landmarks.

Figure 4. Number of decision changes among beginners across 41

landmarks. In the second experiment, the beginners traced the

anatomical landmarks on 10 images with the AI's answer view. The

recorded changes are represented as number of ratings. In general, the

number of decision changes was small despite being shown at most

anatomical landmarks.

Figure 5. Comparison of eight clinical measurements between the beginner-only and beginner-AI groups. From the SCRs of two

groups, a figure was presented to demonstrate the AI’s sup-port. As a result, the beginner-AI collaboration improved the SCRs of eight

clinical measurements.

Abbreviation: SCR, successful classification rate

Table 1. List of anatomical landmarks

Table 3. Results of landmark detection in terms of mean radial error
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