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Nail apparatus melanoma (NAM) has a less favourable 
prognosis than other melanomas due to the difficulty of 
detecting lesions at an early stage (1–3). Although nail 
streaks (NS) are the most common clinical feature of 
early-stage NAM, the vast majority of NS encountered 
in the clinical setting are caused by benign diseases/
conditions (4, 5). NAM-induced NS tend to be more 
varied in colour, which can be precisely determined using 
dermoscopy (6, 7). However, few standardized findings 
or indicators in dermoscopic practice for NS exist.

We recently developed a formula-based computer-
aided automated evaluation programme for NAM detec-
tion. The programme calculated a melanoma discrimina-
tion index (MDI) score by analysing the colour diversity 
in dermoscopic images of NS (8). NAM-induced NS 
generally showed a higher MDI value than benign forms 
of NS, since they contained a wider variety of colours. To 
quantify the variety of RGB colour vectors in the region 
of interest more accurately, a function for standardizing 
the white balance was incorporated into the programme, 
and the formula for the MDI was revised based on the 
root mean square deviation of the latitude and longitu-
dinal angles of RGB vectors (8) to that of RGB vector 
components, as demonstrated in the following formula:

We present here the diagnostic performance of the 
new MDI for differentiating NAM-induced NS from 
other benign NS in comparison with the results of der-
matologists and non-dermatologist doctors according to 
the final diagnosis based on the results of biopsy and/or 
clinical follow-up.

MATERIALS AND METHODS
A dataset was created from patients seen at Shinshu University 
Hospital between 2007 and 2019 for benign NS and between 
2007 and 2015 for NAM. Cases with the following features were 
excluded: highly damaged, lost or unpigmented nail plate, lesion 
onset earlier than 18 years of age, and dermoscopic images not 
containing the whole nail plate. The diagnosis of each case was 
confirmed by biopsy and/or clinical follow-up. A total of 100 
dermoscopic images were randomly extracted from the dataset 
with adjustment to a benign:malignant ratio of 8:2 prior to testing. 

Dermatologists and non-dermatologist doctors participated in 
this study as human readers who were expected to be users of the 
present programme in the dermatology and general clinical set-
ting. Each reader was provided with the 100 dermoscopic images 

while blinded to all clinical information and was asked to give 
a decision regarding benignancy or malignancy (all readers) and 
immediate biopsy or not (dermatologists only). 

The institutional review board of Shinshu University approved 
the study (number 4584). All human readers provided informed 
written consent. A waiver of patient consent was granted by the 
ethics board, since collecting dermoscopic images was retrospec-
tive and non-interventional.

After applying the same image pretreatment process as de-
scribed in a previous report (8), the MDI of each test image was 
calculated using the programme installed on a laptop computer 
(Let’s note CF-SZ6; Panasonic Connect Co., Ltd, Tokyo, Japan) 
running Microsoft Windows 10 software. The MDI was calculated 
as the root mean square of RGB values over pixels contained in 
the region of interest (ROI) of a nail plate dermoscopic image to 
measure the variety of colour in the ROI.

The primary outcome measures were the area under the receiv-
er operating characteristic curve (AUC) for the MDI. The MDI 
threshold was set as 40, at which Youden’s J index (sensitivity + 
specificity – 1) (9) reached its maximum value on the receiver 
operating characteristic curve. The sensitivity, specificity, and 
Youden’s J index at the threshold MDI were compared with those 
for malignancy detection (NAM-induced NS or benign NS) for 
dermatologists and non-dermatologist doctors and immediate 
biopsy decision for dermatologists only. In comparisons of the 
diagnostic performance between the MDI and human readers, 
unpaired t-tests were employed and the 95% confidence interval 
(95% CI) was calculated. A p-value <0.05 was considered statis-
tically significant.

RESULTS

The test set included 80 benign NS cases from 62 patients 
and 20 NAM cases from 20 patients (Breslow’s tumour 
thickness: in situ, 11; ≤ 1.00 mm, 2; 1.01–2.00 mm, 1; 
2.01–4.00 mm, 2; ≥ 4.01 mm, 3; unevaluated, 1) (Table 
SI and Fig. S1).

Representative test images and details on the devices that 
obtained the images are presented in Fig. S2 and Table SII. 
No remarkable discrepancies in MDI score were observ-
ed in dermoscopic images of the same lesion taken by 
different devices (data not shown). Twenty-nine derma-
tologists (clinical experience: ≤ 5 years, 0; 6–9 years, 
1; ≥ 10 years, 28; 19 male and 10 female; 12 hospital 
doctors and 17 clinic doctors) and 8 non-dermatologists 
(clinical experience: ≤ 5 years, 2; ≥ 10 years, 6; 5 male 
and 3 female; 8 hospital doctors) participated in the study. 

The diagnostic performance of the MDI and human 
readers is shown in Figs 1 and 2 and Table I. The AUC 
of the revised programme for detecting NAM was 0.85. 
When setting a threshold of ≥ 40 for malignancy detec-
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tion, the sensitivity of the MDI (0.85) was significantly 
higher than the respective mean values of the dermatolo-
gists (0.58) and non-dermatologists (0.46) (both p < 0.01). 
The specificity of the MDI did not reach the respective 
mean values of the dermatologists or non-dermatologists. 
In calculations of Youden’s J index for measuring the 
performance of correctly diagnosing NAM and benign 
NS, however, that of the MDI (0.64) was considerably 
higher than those of the dermatologists (0.53) and non-
dermatologists (0.43).

With respect to immediate biopsy decision, the sensiti-
vity of the MDI (0.85) was significantly higher than that 
of the dermatologists (0.75) (p < 0.01), with comparable 
specificity and Youden’s J index (Table I).

DISCUSSION

This study revealed a significantly higher sensitivity for 
the MDI at an AUC-determined threshold ≥ 40 for de-
tecting NAM in dermoscopic NS images compared with 
dermatologists and non-dermatologist doctors. Since half 
of the NAM images in the test set were of in situ lesions, 

the utility of the revised programme might also extend 
to include early NAM cases.

Recently, computer-aided programmes using deep 
learning convolutional neural networks have demon-
strated high performance for recognizing melanoma in 
dermoscopic images, with NAM as a notable exception 
(10). A lack of training data due to the rarity of NAM is 
one possibility, and the particularity of NS image ana-
lysing, which focuses more on colour variation than on 
shape, may also be related. Our programme analyses the 
variation of RGB values in the ROI using a mathematical 
formula and represents it as an MDI score. One of the 
strengths of the programme over deep learning convo-
lutional neural networks is the non-necessity of training 
data to refine diagnostic accuracy. Another advantage 
is the formula’s decision-making transparency as an 
objective indicator for dermoscopic images. 

A considerable gap was observed between the sen-
sitivity and specificity values of the human readers for 
malignancy detection, especially among non-dermato-

Fig. 1. Distribution of melanoma discrimination index scores in 
the test set. The mean (standard deviation) score of the melanoma 
discrimination index (MDI) for nail apparatus melanoma (63.8 (27.8)) 
was significantly higher than for benign nail streaks (34.8 (12.8); p < 0.01, 
unpaired t-test). The median (middle), 25th percentile (lower), and 75th 
percentile (upper) of the MDI for nail apparatus melanoma and benign nail 
streaks are indicated by bars. The dashed blue line represents the threshold 
value of MDI=40 as determined by receiver operator characteristic analysis.

Fig. 2. Diagnostic performance of the melanoma discrimination 
index and human readers. Blue line indicates the receiver operating 
characteristic curve of the melanoma discrimination index (MDI). The circle 
and triangle indicate the performance averages for malignancy detection 
of the 29 dermatologists and 8 non-dermatologists, respectively. Square 
indicates the performance average for immediate biopsy decision of the 29 
dermatologists. The length of each bar shows the 95% confidence interval 
(95% CI). Star indicates the performance of the revised programme at a 
MDI threshold of ≥ 40.

Table I. Diagnostic performance summary of the melanoma discrimination index and human readers

Malignancy detection Immediate biopsy decision

Sensitivity (95% CI) Specificity (95% CI) Youden’s J index Sensitivity (95% CI) Specificity (95% CI) Youden’s J index

MDI ≥40 0.85 0.79 0.64 0.85 0.79 0.64
Dermatologists 0.58* (0.51–0.64) 0.95 (0.92–0.98) 0.53 0.75* (0.69–0.81) 0.89 (0.85–0.93) 0.63
Non-dermatologists 0.46* (0.38–0.54) 0.97 (0.93–1.00) 0.43

*p < 0.01 compared with the MDI at a threshold ≥ 40. 
95% CI: 95% confidence interval; MDI: melanoma discrimination index.

http://medicaljournalssweden.se/actadv
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logists, in whom specificity exceeded 0.9, but sensitivity 
was below 0.5. This finding indicated that, while the 
human readers were screening benign NS with high 
sensitivity, their confidence for NAM-induced NS might 
have been low. Due to the rarity of NAM as well as the 
lack of standard criteria in dermoscopic practice for NS, 
it appears difficult even for dermatologists to differentiate 
between NAM-induced NS and other benign forms of 
NS. The Youden’s J index values of the MDI for malig-
nancy detection were superior to those of the dermatolo-
gists and non-dermatologist doctors, suggesting that the 
MDI might serve as a useful tool to enhance the ability 
of detecting NAM while minimizing unnecessary biopsy 
procedures for benign NS. To the best of our knowledge, 
the MDI is among the first numericized indicators of 
colour in dermoscopic practice.

This study has several limitations. The study was 
conducted at a single centre using a limited number of 
images. In addition, the test image subjects and human 
readers were uniformly Japanese.

In conclusion, the higher performance of the revised 
MDI at a threshold ≥ 40 over dermatologists for detecting 
NAM demonstrated the potential utility of this objective 
indicator in dermoscopic practice for NS.
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