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Human versus Artificial Intelligence: Validation of a Deep 2 

Learning Model for Retinal Layer and Fluid Segmentation in 3 

Optical Coherence Tomography Images from Patients with 4 

Age-Related Macular Degeneration 5 

Mariana Miranda 1,*, Joana Oliveira 2, Ana Maria Mendonça 3,4, Vânia Sousa 2, Tânia Melo 3,4 and Ângela Carneiro 6 
1,2 7 
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gal 13 
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Abstract: Artificial intelligence (AI) models have received considerable attention in recent years for 15 

their ability to identify optical coherence tomography (OCT) biomarkers with clinical diagnostic 16 

potential and predict disease progression. This study aims to externally validate a deep learning 17 

(DL) algorithm by comparing its segmentation of retinal layers and fluid with a gold standard 18 

method of manually adjusting the automatic segmentation of the Heidelberg Spectralis HRA + OCT 19 

software. A total of sixty OCT images of healthy subjects and patients with intermediate and exu- 20 

dative age-related macular degeneration (AMD) were included. A quantitative analysis of retinal 21 

thickness and fluid area was performed and the discrepancy between the methods was investigated. 22 

The results showed a moderate to strong correlation between the metrics extracted by both software, 23 

in all groups, and an overall near-perfect area overlap was observed, except for the inner segment 24 

ellipsoid (ISE) layer. The DL system detected a significant difference in outer retinal thickness across 25 

disease stages and accurately identified fluid in exudative cases. In more diseased eyes, there was 26 

significantly more disagreement between the methods. This DL system appears to be a reliable 27 

method for accessing important OCT biomarkers in AMD. However further accuracy testing should 28 

be conducted to confirm its validity in real-world settings to ultimately aid ophthalmologists in OCT 29 

imaging management and guide timely treatment approaches. 30 

Keywords: age-related macular degeneration; artificial intelligence; retinal layer segmentation; 31 

fluid segmentation; deep learning; machine learning; optical coherence tomography; diagnosis; ex- 32 

ternal validation. 33 

 34 

1. Introduction 35 

Age-related macular degeneration (AMD) is a leading cause of moderate to severe 36 

visual impairment (MSVI) [1] and irreversible vision loss in adults aged 50 years and 37 

older, in high-income countries [2]. It is estimated to be responsible for 8.7% of global 38 

blindness cases and, due to population aging, its prevalence is expected to increase [3].  39 

AMD primarily affects the macula, the region of the retina responsible for central 40 

vision. This metabolic-inflammatory-vascular disease [4-6] is associated with ageing, ge- 41 

netic predisposition [7], and environmental risk factors [8] and is characterised by the 42 

deposition of lipid-rich extracellular metabolites within and/or beneath the retinal 43 
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pigment epithelium (RPE), known as drusen [9]. AMD can be classified into three stages: 44 

early, intermediate, and late. Early AMD is defined by the presence of small drusen, while 45 

intermediate AMD is associated with medium-sized drusen and retinal pigmentary ab- 46 

normalities. Late AMD presents in two major forms: geographic atrophy (GA) and neo- 47 

vascular AMD (nAMD) [10]. The latter is caused by macular neovascularization (MNV), 48 

which leads to the accumulation of subretinal fluid (SRF), sub-RPE fluid (sRPEF), and/or 49 

intraretinal fluid (IRF). 50 

Optical coherence tomography (OCT) is currently the gold standard for AMD man- 51 

agement [11]. Cross-sectional scans of the retina at the micron scale are acquired, where 52 

structural features – imaging biomarkers – are identifiable. Central retinal thickness was 53 

one of the earliest described, however, others such as drusen volume and hyperreflective 54 

foci quantification [12,13], fluid volume and pigment epithelial detachment (PED) [14,15] 55 

have also been recognized for their insight into disease activity. 56 

Since the rise of artificial intelligence (AI) in medical imaging, retinal OCT has been 57 

at the forefront of ophthalmology research [16]. Deep learning (DL) models are currently 58 

the state-of-the-art among AI technologies and they have shown to be capable of assisting 59 

in AMD classification, diagnosis and prognosis [17,18], in ongoing monitoring of treat- 60 

ment efficacy [19], and in predicting disease progression [20]. 61 

Automated scan analysis using these algorithms is a faster, cost-effective, and fa- 62 

tigue-free process. However, it may have some limitations that affect quality and accuracy 63 

of the results. Therefore, it is crucial to test recently developed and trained methods, such 64 

as the BioImagingLab/INESC TEC model [21], on new datasets and externally validate 65 

them for their applicability in real-world clinical practice. 66 

Thus, the present study aims to evaluate the performance of a DL algorithm in iden- 67 

tifying and quantifying retinal layers' thickness and fluid areas in OCT scans of healthy 68 

and AMD eyes. Firstly, quantitatively compare the DL system’s segmentation with the 69 

gold standard of manual adjustment of Heidelberg Spectralis HRA + OCT automatic seg- 70 

mentation. Subsequently, study whether there is a clear relationship between the thick- 71 

ness layer values extracted and the disease stage, as well as the DL method accuracy in 72 

detecting fluid in nAMD. Finally, investigate if the discrepancies between the segmenta- 73 

tion methods are related to the disease severity and to the subjective difficulty degree, 74 

perceived by the human eye. 75 

2. Materials and Methods 76 

2.1. Study Design   77 

A validation study was conducted on normal eyes and eyes with AMD. The study 78 

was single-centred, observational, retrospective, and cross-sectional. 79 

The Ethics Committee of the Centro Hospitalar Universitário of São João approved 80 

the study protocol for access to and analyse the patients’ data. Informed consent from 81 

patients was not applicable, since all clinical data and OCT images were anonymised by 82 

investigators at the Ophthalmology Service. A code number, independent of participants’ 83 

personal data, was generated to protect the patients’ identity. This clinical study was con- 84 

ducted in accordance with the principles outlined in the Declaration of Helsinki. 85 

2.2. Setting 86 

OCT scans were collected from subjects with normal eyes and patients diagnosed 87 

with intermediate and exudative AMD who presented for routine clinical care at the Oph- 88 

thalmology Service of the Centro Hospitalar Universitário of São João, a tertiary referral 89 

hospital, between January 2010 and December 2023. 90 

 91 

 92 

 93 
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2.3. Study population 94 

A total of 60 fovea-centred cross-sectional OCT B-scans were included from 60 dif- 95 

ferent patients, comprising 20 healthy controls, 20 with intermediate AMD (iAMD), and 96 

20 with exudative AMD (eAMD). Each patient was exclusively assigned to one of the three 97 

groups, and only one eye per subject was studied. 98 

A randomized numerical sequence was automatically generated, and each patient 99 

was assigned a number at baseline within their designated group. Inclusion and exclusion 100 

criteria were applied until a total of 20 participants were obtained. If the random sequence 101 

resulted in the selection of an eye from a patient whose contralateral eye was already in- 102 

cluded, only one – the one with better visual acuity (whether right or left) – was chosen.  103 

Male and female subjects were evenly distributed, with a 10:10 ratio per group. Con- 104 

trols were required to be 50 years of age or older at the time of image acquisition while 105 

AMD patients were included if they were 50 years of age or older at the time of diagnosis. 106 

Additionally, an adequate follow-up duration of at least one year after the disease diag- 107 

nosis was required. 108 

Exclusion criteria for the study included images from patients diagnosed with dia- 109 

betic retinopathy, high myopia (refractive error ≤ − 6.0 dioptres), and/or chorioretinal dis- 110 

eases other than AMD. Patients with OCT scans with poor technical quality due to exces- 111 

sive background noise, imaging artifacts, poor image centration, or reduced visualization 112 

of the retinal layers were also excluded. 113 

In December 2023, 798 participants were assessed for eligibility, including 160 images 114 

from healthy controls, 176 scans from individuals diagnosed with iAMD and 630 OCTs 115 

from patients with eAMD. Of the 160 eyes from controls, 30 were excluded as they were 116 

under 50 years of age at the time of image acquisition and 3 were excluded due to inade- 117 

quate quality of the OCT B-scans. Out of the 176 scans from patients diagnosed with 118 

iAMD, 9 were excluded due to poor image quality, 3 due to a diagnosis of diabetic reti- 119 

nopathy, 4 participants had a follow-up duration of less than one year, and in 1 case, the 120 

initial consultation did not align with the moment of diagnosis, making it challenging to 121 

ascertain whether therapeutic anti-VEGF injections were administered prior to the first 122 

accessible acquisition of the OCT scan. Lastly, out of the 630 eAMD scans, 28 were ex- 123 

cluded because of poor image quality, 4 did not complete the one-year follow-up, 5 had 124 

diabetic retinopathy, and 4 patients had received a diagnosis prior to the acquisition of 125 

the first assessable OCT scan. It is important to note that the retina.pt database contains 126 

data from both eyes of each patient. Some cases of unilateral eAMD diagnosis occurred, 127 

and the numerically sequenced chosen eye belonged to the contralateral eye, which was 128 

either healthy or, more frequently, had intermediate AMD. This scenario was identified 129 

in 84 cases, which were also selectively excluded from the third group analysis, as repre- 130 

sented in Figure 1. 131 
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 132 

Figure 1. Study flow diagram: patient identification and selection. 133 

2.4. Identification and Image Data Collection 134 

Controls and patients with iAMD were recruited from the electronic health records 135 

of the Centro Hospitalar Universitário of São João, applying predefined filters: “Con- 136 

trolos” and “DMI Intermédia”, respectively, which mean “Controls” and “Intermediate 137 

AMD”. Participants with eAMD were selected from the online database retina.pt under 138 

the category “DMI Avançada (Membrana Neovascular Coroideia)” which translates to 139 

“Late AMD (Choroidal Neovascular Membrane)”. 140 

The OCT images were selected from 6, 18, 19 or 25-line horizontal volume scans ac- 141 

quired using the Automatic Real-Time (ART) function, always centred on the fovea. En- 142 

hanced Depth Imaging (EDI) volume scans were not used due to the reduced quality of 143 

retinal layers since this modality typically provides enhanced visualization of the choroid 144 

instead. All images had a maximum image height of 496 pixels and variable length, with 145 

dimensions of 512 (high speed mode) or 1024 (high resolution mode) pixels. No standard- 146 

ization of image size was conducted as these variations do not introduce bias or affect 147 

image processing. 148 

The OCT B-scan obtained by the investigators consistently corresponded to the initial 149 

image acquired during the first medical consultation. The Heidelberg Spectralis propriety 150 

software has the capability to conduct retinal segmentation directly within its interface 151 

and provides tools to manually adjust each boundary. All original and segmented images 152 

were exported as TIF files. Additionally, images of nAMD were imported into a different 153 

platform, the MATLAB system, to complement fluid segmentation. Finally, the original 154 

images were imported into the DL software, which performed fully automated segmen- 155 

tation and compared the segmentation results with the gold standard at INESC TEC - 156 

Institute for Systems and Computer Engineering, Technology and Science. 157 

2.5. Algorithms Description  158 

Retinal layer segmentations were performed using two distinct methods.  159 

2.5.1. Reference Standard  160 

The first software used was the Spectral-Domain Optical Coherence Tomography 161 

(SD-OCT, Heidelberg Engineering GmbH, Heidelberg, Germany, Spectralis™ Acquisi- 162 

tion Software Version 6.16.8.0) provided with the Heidelberg Spectralis HRA+ OCT. This 163 

is the proprietary system available to assist ophthalmologists during clinical practice at 164 

the Centro Hospitalar Universitário of São João. The software automatically detects ten 165 
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retinal boundaries. However, during adjusted automated segmentation, three boundaries 166 

were omitted from the automated segmentation, as exemplified in Figure 2. This led to 167 

the identification of eight final boundaries, thereby enabling a comparative analysis with 168 

the segmentation performed by the DL software.  169 

 170 

   

(a) (a1) (a2) 

   
(b) (b1) (b2) 

   

(c) (c1) (c2) 

Figure 2. Representative examples of retinal boundaries segmentation on OCT B-scan for (a) con- 171 
trols, (b) iAMD, and (c) eAMD patients: (a1, b1, c1) Automated segmentation generated by the Hei- 172 
delberg System, retinal layers are as follows, from the upper boundary to the lower boundary: in- 173 
ternal limiting membrane (ILM), retinal nerve fiber layer (RNFL), ganglion cell layer (GCL), inner 174 
plexiform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), external limiting mem- 175 
brane (ELM), ellipsoid zone (PR1), interdigitation zone (PR2), retinal pigment epithelium (RPE), and 176 
Bruch’s membrane (BM); (a2, b2, c2) Adjusted automated segmentation, followed by the omission 177 
of three layers: ganglion cell layer (GCL), external limiting membrane (ELM), and retinal pigment 178 
epithelium (RPE). 179 
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Only for the reference standard (RS) method, fluid segmentation was completed us- 180 

ing MATLAB R2023b Update 6 (23.2.0.2485118). All total retinal fluid, including sub- 181 

retinal fluid (SRF), sub-RPE fluid (sRPEF), and/or intraretinal (IRF) was manually seg- 182 

mented with some automatic suggestions as well. 183 

This first method described was determined as the gold standard for validating the 184 

DL model for retinal layers and fluid segmentation. 185 

 186 

2.5.2. DL software 187 

The DL software tested was the BioImagingLab/INESC TEC model. The AI algorithm 188 

itself identifies the corresponding eight boundaries, starting from the superior limit: in- 189 

ternal limiting membrane (ILM), nerve fiber layer/ganglion cell layer (NFL/GLC), inner 190 

plexiform layer/inner nuclear layer (IPL/INL), inner nuclear layer/outer plexiform layer 191 

(INL/OPL), outer plexiform layer/outer nuclear layer (OPL/ONL), inner segment 192 

myeoid/inner segment ellipsoid (ISM/ISE), outer segment/retinal pigment epithelium 193 

(OS/RPE), and Bruch’s membrane (BM). 194 

Thus, the seven retinal layers studied in all groups and the fluid detected in nAMD 195 

images are represented in Figure 3.  196 

 197 

   

(a) (a1) (a2) 

   
(b) (b1) (b2) 

   

(c) (c1) (c2) 

 198 

Figure 3. Example of (a) control eye imaging, (b) iAMD eye imaging and (c) eAMD eye imaging.  199 
Representative examples of retinal layers and fluid segmentation using: (a1, b1, c1) the RS method 200 
and (a2, b2, c2) the DL method. 201 

 202 
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2.6. Image Annotations 203 

The adjusted automated segmentation was carried out by two examiners. Initially, 204 

the retinal boundaries were performed by a medical student. The annotations automati- 205 

cally generated by the Heidelberg Spectralis software were reviewed and refined through 206 

manual adjustments. This involved rearrangement when the system appeared to fail, the 207 

annotation was considered inaccurate, or in cases of doubt, the average of both sugges- 208 

tions was represented. The segmentation was then corrected, if necessary, and validated 209 

by another observer, an independent medical expert in the field. 210 

During the annotation process, the student assigned a value to each OCT image to 211 

reflect the perceived difficulty of segmentation. This scale was determined subjectively, 212 

taking into account the human perception of image quality of the OCT scan and was based 213 

on a five-level scale: 1 = very easy (no difficulty in any boundary), 2 = easy (difficulty in 214 

segmenting a region of the image into one or two boundaries), 3 = medium (difficulty in 215 

segmenting a region of the image into more than two boundaries), 4 = difficult (difficulty 216 

in segmenting one or two boundaries throughout the entire image), 5 = very difficult (dif- 217 

ficulty in segmenting more than two boundaries throughout the entire image). 218 

The standard fluid segmentation also underwent revision and validation by the same 219 

ophthalmologist. 220 

Finally, fully automated segmentation of retinal layers and fluid was generated by 221 

the AI system for the same 60 images. 222 

2.7. Outcomes 223 

The primary outcomes were the agreement between DL and RS evaluations and the 224 

accuracy of DL software in detecting boundaries and quantifying the thickness of the 225 

outer retina (ISE and OS-RPE) and fluid area in nAMD. The secondary outcome was the 226 

variance of disagreement observed between the methods across different image catego- 227 

ries: disease stage (objective score) and values of human-perceived difficulty of segmen- 228 

tation (subjective score).  229 

2.8. Statistical Analysis 230 

The data were recorded and analysed using Microsoft Excel for Microsoft 365 MSO 231 

(Version 2401 Build 16.0.17231.20236) and IBM SPSS Statistics 29.0.0.0 (241). A p-value of 232 

less than 0.05 was assumed for statistical significance. 233 

All metrics were measured in pixels. The thickness of the segmented retinal layers  234 

was converted to microns (µm) using a vertical scaling factor of 3.87 µm/pixel for all im- 235 

ages. The fluid area was converted to square millimetres (mm2) using, additionally, one 236 

of two different horizontal scaling factors: 11.35µm/pixel for images taken in high-speed 237 

mode and 5.7 µm/pixel for images captured in high-resolution mode. 238 

Data normality was evaluated through the implementation of the Kolmogorov– 239 

Smirnov test and Shapiro-Wilk tests.  240 

To evaluate the performance of the DL system, Paired Sample T-Test was applied to 241 

compare the means of retinal layer thickness and fluid area between the DL and RS meth- 242 

ods. This was done to determine whether the observed differences were statistically sig- 243 

nificant. Additionally, the Pearson Correlation Coefficient was calculated to assess the 244 

level of correlation between the variables measured by the two methods. The correlation 245 

strength (correlation coefficient value, r) was categorized as weak (0 < r < 0.3 or -0.3 < r < 246 

0), moderate (0.3 ≤ r < 0.7 or -0.7 < r ≤ -0.3), or strong (0.7 ≤ r < 1 or -1 < r ≤ -0.7). Finally, the 247 

Dice score, also known as the Dice Similarity Coefficient, was obtained to evaluate the 248 

similarity between the segmentation results and the gold standard. The Dice values range 249 

from 0 (no overlap) to 1 (perfect overlap). 250 

To further evaluate accuracy, the relationship between the thickness of the outer ret- 251 

ina extracted by the DL system and the disease stage was investigated through a one-way 252 

ANOVA test. Furthermore, a Bland-Altman plot analysis with linear regression was 253 
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employed to evaluate the concordance between the AI software and RS assessment in 254 

quantifying fluid area.  255 

Finally, the differences in pairs of measures of retinal thickness and fluid area be- 256 

tween software were compared using one-way ANOVA tests. The comparison was made 257 

with respect to the degree of disease severity (controls, iAMD, and eAMD), as well as the 258 

subjective classification assigned during RS annotation (very easy, easy, medium, diffi- 259 

cult, and very difficult). 260 

3. Results 261 

A total of 60 images from 60 patients were included in this study, with 20 images 262 

each from healthy controls (mean age ± standard deviation (SD): 63.15 ± 8.00 years, range: 263 

50-79 years), iAMD (mean age ± SD: 71.80 ± 7.72 years, range: 59-83 years), and eAMD 264 

(mean age ± SD: 73.80 ± 9.99 years, range: 53-93 years) for a comparative quantitative anal- 265 

ysis. 266 

The mean retinal thickness was 307.22 ± 82.99 µm (range: 277.34-332.50 µm) in con- 267 

trols, 319.12 ± 109.79 µm (range: 279.00-395.74 µm) in iAMD, and 332.74 ± 156.91 µm 268 

(range: 259.79-384.90 µm) in eAMD. The combined area of SRF, sRPEF, and IRF repre- 269 

sented a mean total fluid area of 0.13 ± 0.10 mm2 (range: 0.02-0.43 mm2).  270 

3.1. Performance Evaluation of the DL Software 271 

The assessment of the AI algorithm's performance involved comparing the auto- 272 

mated layer segmentation and the thickness values obtained through the DL system with 273 

the measurements obtained from the RS method (Table 1).  274 

The Paired Sample T-Test assessment revealed that in the control group, there was 275 

no significant difference between the RS evaluation and the segmentation generated by 276 

the DL system in the GCL-IPL layer. However, significant differences were observed in 277 

all other layers (p < 0.05). In the iAMD group, only the segmentation of the GCL-IPL and 278 

ONL-ISM layers showed no significant difference between the two methods, while signif- 279 

icant differences were noted in all other layers (p < 0.05). When comparing pairs of metrics 280 

for eAMD, the segmentation of all retinal layers had significant differences, although no 281 

significant difference was found in fluid areas between the RS and DL measurements. 282 

All layers in the control group had strongly positive Pearson correlation coefficients 283 

(0.7 ≤ r < 1), except for the ISE and OS-RPE. In the iAMD group, there was a strongly 284 

positive (0.7 ≤ r < 1) correlation for INL and ONL-ISM layers. Similarly, in eAMD, the NFL, 285 

ONL-ISM, ISE, OS-RPE layers, and fluid segmentation also showed the same positive cor- 286 

relation range. All other pairs of layer thickness in iAMD and eAMD showed a moderate 287 

correlation (0.3 ≤ r < 0.7), except for two layers in each group. Specifically, ISE and OS-RPE 288 

in controls, NFL and ISE in iAMD, and GCL-IPL and INL in eAMD had a correlation 289 

coefficient that was not statistically significant. 290 

Finally, the segmented area showed a near-perfect overlap between methods in all 291 

three groups, as revealed by the Dice coefficient. The mean Dice coefficient for the layers 292 

was 0.947 for controls, 0.946 for iAMD, and 0.936 for eAMD. In addition, the fluid had a 293 

Dice coefficient of 0.976. 294 

 295 

 296 

 297 

 298 

 299 

 300 

 301 
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Table 1. Retinal layer thickness and fluid area obtained from healthy controls, iAMD, and eAMD 302 
groups using both RS and DL software. The following layers were considered: ganglion cell layer- 303 
inner plexiform layer (GCL-IPL), inner nuclear layer (INL), inner segment ellipsoid (ISE), nerve fiber 304 
layer (NFL), outer nuclear layer-inner segment myoid (ONL-ISM), outer plexiform layer (OPL), and 305 
outer segment-retinal pigment epithelium (OS-RPE). DL: deep learning; eADM: exudative AMD; 306 
iAMD: intermediate AMD; SD: standard deviation. 307 

 
Reference Standard 

(Mean ± SD)  

DL Software 

(Mean ± SD) 

Paired t-test 

(p value) 

Pearson  

Correlation 

Coefficient (r) 

Dice  

Coefficient  

Healthy Controls (n=20)  

 NFL 20.10 ± 10.61 18.23 ± 11.24 < 0.001 0.924 0.989 

 GCL-IPL 71.43 ± 23.32 70.78 ± 24.40 0.101 0.956 0.995 

 INL 33.00 ± 10.21 32.00 ± 11.38 < 0.001 0.980 0.995 

 OPL 27.47 ± 9.55 26.21 ± 8.88 < 0.001 0.971 0.978 

 ONL-ISM 89.82 ± 20.20 96.83 ± 20.22 < 0.001 0.957 0.962 

 ISE 32.28 ± 5.29 20.91 ± 3.74 < 0.001 0.395ⴕ 0.783 

 OS-RPE 32.96 ± 3.78 42.43 ± 3.18 < 0.001 0.227ⴕ 0.928 

iAMD (n=20) 

 NFL 21.96 ± 12.39 19.91 ± 12.61 < 0.001 0.382ⴕ 0.978 

 GCL-IPL 71.11 ± 23.28 72.03 ± 26.46 0.711 0.496 0.972 

 INL 33.00 ± 10.07 29.14 ± 11.25 < 0.001 0.952 0.951 

 OPL 27.24 ± 9.37 32.33 ± 11.34 0.002 0.695 0.923 

 ONL-ISM 89.49 ± 21.93 88.34 ± 22.96 0.274 0.930 0.989 

 ISE 28.48 ± 6.01 22.84 ± 6.83 < 0.001 0.148ⴕ 0.881 

 OS-RPE 45.46 ± 21.15 56.91 ± 23.94 < 0.001 0.477 0.927 

eAMD (n=20) 

 NFL 22.08 ± 12.71 19.54 ± 12.69 < 0.001 0.814 0.938 

 GCL-IPL 69.96 ± 25.27 77.76 ± 29.75 0.019 -0.061ⴕ 0.964 

 INL 34.64 ± 13.01 30.06 ± 12.44 0.002 0.388ⴕ 0.938 

 OPL 31.92 ± 12.33 28.29 ± 15.53 0.003 0.645 0.919 

 ONL-ISM 71.26 ± 20.54 80.82 ± 24.27 < 0.001 0.889 0.922 

 ISE 24.42 ± 7.61 20.36 ± 18.32 0.003 0.781 0.878 

 OS-RPE 87.08 ± 62.10 67.28 ± 47.26 < 0.001 0.733 0.992 

 Fluid 0.125* 0.127* 0.192 0.999 0.976 
* The standard deviation (SD) for the fluid area was not extracted.  308 
ⴕ The results were not statistically significant.  309 

 310 

3.2. Accessing DL software accuracy  311 

3.2.1. Retinal layer thickness segmentation 312 

The one-way ANOVA test showed a statistically significant difference in the mean 313 

thickness of outer retina in the adjusted automated segmentation (p < 0.001) and in the AI 314 

automatic segmentation (p = 0.026) across different disease severities. Figure 4 provides a 315 

visual representation of this relationship, particularly in the OS-RPE layer, which showed 316 

a mean thickening of 27.06 µm and 12.43 µm with disease, using the RS and the DL meth- 317 

ods, respectively. 318 
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(a) (b) 

Figure 4. Mean outer retinal thickness measured by (a) the RS and (b) the DL systems across three 319 
different disease stages: controls, iAMD, and eAMD. eAMD: exudative AMD; iAMD: intermediate 320 
AMD; ISE: inner segment ellipsoid; OS-RPE: outer segment-retinal pigment epithelium. 321 

3.2.2. Fluid segmentation 322 

In order to compare the results of the DL system with RS for fluid segmentation, a 323 

Bland-Altman plot with the differences in the fluid area detected in eAMD eyes is pre- 324 

sented in Figure 5. The mean difference obtained was 0.001 ± 0.004 mm2. All measure- 325 

ments, except for one potential outlier, were within the range of ±1.96SD (0.007-0.009). No 326 

apparent trend was observed, suggesting that the DL software tended to either overesti- 327 

mate or underestimate fluid area, depending on the magnitude of exudation.  328 

The results of the linear regression analysis did not exhibit statistical significance 329 

(p=0.164), which corroborated the absence of proportional bias. 330 

 331 

Figure 5. Bland-Altman plot analysis comparing the fluid area measures obtained using the DL 332 
software and the RS method. DL: deep learning; RS: reference standard; SD: standard deviation. 333 

3.3. Disagreement between methods in layers’ segmentation 334 

A one-way ANOVA test revealed statistically significant differences between both 335 

methods for all three stages of disease severity (p < 0.001). However, there was no statis- 336 

tically significant difference across the levels of perceived difficulty of segmentation 337 

(p=0.625). Representative graphs illustrating the variance across the objective and 338 
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subjective scales are found in Figure 6. It was observed that the disagreement increased, 339 

as expected, with the disease progression. In iAMD, the DL method gave rise to higher 340 

values for the layers’ thickness compared to the RS (positive difference), whereas in 341 

eAMD, the DL system resulted comparatively in lower values (negative difference). 342 

 343 

  

(a) (b) 

Figure 6. Plots representing the mean differences between the obtained DL and RS layer thickness 344 
measurements across (a) disease stage and (b) subjective difficulty perception of segmentation. DL: 345 
deep learning; eAMD: exudative AMD; iAMD: intermediate AMD; RS: Reference Standard. 346 

4. Discussion 347 

This article evaluates the performance of a DL algorithm in the automatic detection 348 

and segmentation of retinal layers and fluid in three OCT data groups: healthy controls 349 

and two different stages of AMD, intermediate and exudative. 350 

In the absence of an established gold standard, it is common practice to compare au- 351 

tomated AI segmentations with manual annotations, which are typically conducted by 352 

independent masked retinal experts, as seen in other published studies [22,23]. However, 353 

this approach may not be completely reliable and precise, due to interobserver and intra- 354 

observer variability, which introduces some degree of subjectivity [24]. Manual segmen- 355 

tation may also be influenced by limitations in imaging resolution detectable by the hu- 356 

man eye. Therefore, even though differences may still exist between human perception 357 

and machine interpretation, their merged contribution was considered reasonable. Thus, 358 

this study innovated by combining human expertise with non-AI automatic suggestions 359 

to establish a gold standard.  360 

Additionally, the study included real-world OCT images from routine clinical prac- 361 

tise rather than images acquired proposedly for investigation purposes. Efforts were 362 

made to retain scans of all levels of complexity, in order to create balanced groups, ensur- 363 

ing a representative sample to truly test the system.  364 

Firstly, the objective was to determine whether there was agreement in segmentation 365 

between the two systems. Significant differences were observed in almost all pairs of met- 366 

rics, and in six cases, the Pearson correlation coefficient was not statistically significant. 367 

Upon further investigation of the scatter plots between RS and DL measures, outliers were 368 

found in all cases except for the ISE layer pairs in controls. Therefore, the non-significant 369 

results could be attributed to the presence of outliers in a small sample size. Additionally, 370 

in general, there was a moderate to strong correlation in all groups and the overlap seg- 371 

mentation area of layers and fluid between both methods was consistently near-perfect. 372 

Manual segmentation is a time-consuming and exhaustive task that requires knowledge, 373 

a learning curve, and skill. AI-based detection methods could help to overcome the men- 374 

tioned disadvantages [25]. These results may emphasize the potential this DL method 375 

holds in the future as a valuable tool to assist clinics in medical practice, offering a faster, 376 

less fatiguing and more systematic approach. 377 
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Secondly, software accuracy was specifically evaluated by examining the extracted 378 

values of outer retinal thickness. This measurement is expected to be higher in recently 379 

diagnosed and treatment-naïve patients. In iAMD, the increase may be caused by basal 380 

laminar deposits beneath the RPE, i.e. drusen formation, and macula elevation. In eAMD, 381 

the thickening may be due to the accumulation of fluid and/or detachment of RPE. Thin- 382 

ning of some retinal layers may also occur as a consequence of RPE and photoreceptor 383 

degeneration, but it is expected to develop over a longer course of the disease [26]. In this 384 

study, the outer retina was defined as consisting of the last two retinal layers measured, 385 

ISE and OS-RPE, as they were considered the most representative layers for this analysis. 386 

The results showed a statistically significant difference, particularly due to an increase in 387 

the thickness of the OS-RPE layer, as expected. If this biomarker is correlated with the 388 

disease stage, it supports the research in confirming its potential for disease classification.  389 

During the evaluation of the software’s capacity to detect and measure fluid, one 390 

outlier was identified. The authors confirmed it resulted from a vertical shift difference 391 

between the fully automatic segmented image (maintaining the original OCT scan posi- 392 

tion) and the one resulting from the adjusted automated segmentation. This discrepancy 393 

likely occurred during the acquisition of the latter image due to a system error, which did 394 

not occur in any other case. Despite this outlier, the overall interpretation of results indi- 395 

cates that the DL system's performance was not affected by the degree of exudation and 396 

it had the capability to accurately detect and quantify fluid area. Patients with AMD might 397 

suffer insidious or sudden painless loss of central or pericentral vision (scotomas) and 398 

perception distortion (metamorphopsia) [27], as well as reduced visual acuity in low lu- 399 

minance conditions and impaired dark adaptation [28]. These symptoms can notably im- 400 

pact daily activities and quality of life [29]. Thus, to ensure timely clinical approaches and 401 

treatment decisions, it is essential to distinguish between nonexudative and exudative 402 

AMD based on OCT evaluation. In nonexudative AMD, there are currently limited effec- 403 

tive therapies for managing atrophy. Disease progression may be slowed with dietary 404 

anti-oxidant supplementation [30], and only recently, innovational therapies for atrophic 405 

disease were approved [31]. Therefore, OCT findings consistent with nAMD may be more 406 

determinant of prognosis. If this software tool could aid ophthalmologists in detecting 407 

and quantifying retinal fluid, a critical hallmark for initiating anti-vascular endothelial 408 

growth factor (anti-VEGF) injections [32,33], which are highly effective, particularly in dif- 409 

ficult cases with lower fluid areas appearing in OCT scans, it could potentially improve 410 

patient management. 411 

Finally, a more in-depth investigation was conducted to understand the sources of 412 

discrepancies, exploring both objective and subjective difficulty levels. The study found 413 

an association between a late disease stage and increased disagreement between methods. 414 

However, no statistical difference was found across values of human perception of diffi- 415 

culty in segmentation. The investigation into retinal pathology at different stages of AMD 416 

allowed to understand whether the severity of the disease could impact the capacity of 417 

the system to accurately recognise and segment retinal layers. This analysis identified ar- 418 

eas where the system encountered reasonable higher difficulty, providing insights to 419 

guide future technical improvements in the DL algorithm. 420 

Furthermore, the validation of this AI method could consider its application in real- 421 

world settings, in clinical practice or even serve as an educational tool for new medical 422 

professionals, contributing to their learning curve and skill development in interpreting 423 

OCT images accurately.  424 

This study had several limitations. Firstly, the enrolled sample size was relatively 425 

small, particularly given the single-centre nature of the study. Future research could ben- 426 

efit from a larger population to better assure the generalizability of the findings. Secondly, 427 

the absence of 3D volume measurements for both retinal layers and fluid due to the need 428 

for multiple 2D scans and segmentation of each image individually. Nevertheless, further 429 

investigation should consider seeking into volumetric analyses, as previous studies have 430 

shown their valuable insights [34,35]. Thirdly, this study was limited to diagnostic 431 

19



Diagnostics 2024, 14, x FOR PEER REVIEW 13 of 16 
 

 

evaluation, as longitudinal follow-up data were not collected. Gathering such data could 432 

provide a more comprehensive understanding of the predictive capabilities of the devel- 433 

oped segmentation system, including its prognostic value [36,37]. Lastly, the study only 434 

focused on AMD pathology. It would be important to further include other retinal dis- 435 

eases such as diabetic retinopathy, central serous chorioretinopathy, epiretinal membrane 436 

, and glaucoma, as done in other approaches [38-41]. Testing the method on a wider range 437 

of retinal pathologies would be a valuable challenge and a step towards simulating real- 438 

world clinical conditions. 439 

In the future, there is the prospect of training this system in disease classification 440 

using biomarkers, such as those studied in this paper, ultimately enabling an autonomous 441 

diagnosis, that could potentially precede human visual discernment. In a study setting 442 

with a considerable sample size, it would be interesting to test the accuracy of the system 443 

in classifying diseases and diagnosing based on retinal thickness. This could be done by 444 

calculating sensitivities, specificities, and predictive values. Another aspect to explore 445 

would be the discriminative capacity of the DL system in distinguishing between the pres- 446 

ence and absence of fluid in OCT scans. This could be accomplished by determining a cut- 447 

off value and measuring area under a receiver operating characteristic (ROC) curve 448 

(AUC). 449 

In summary, upon completed validation of this segmentation system, several poten- 450 

tial clinical applications may arise. Formal implementation could enable early and more 451 

precise diagnosis, thereby facilitating timely therapeutic interventions, particularly in ex- 452 

udative cases, thus improving patients’ prognosis and quality of life. 453 

5. Conclusions 454 

In conclusion, this study contributes to the current knowledge of AI algorithms in 455 

OCT imaging. This DL algorithm, when compared to a Reference Standard, demonstrated 456 

a moderate to strong correlation between metrics, an overall high overlap on area seg- 457 

mentation, the ability to detect outer retinal thickening across disease progression and 458 

proved to have high precision for detecting fluid in exudative cases. Moreover, an in- 459 

creased discrepancy between methods was observed in more advanced disease stages.  460 

Overall, these systems hold the potential to overachieve the precision of the human 461 

eye. They could serve as reliable tools that could, initially, complement existing methods 462 

and, eventually, function autonomously to detect, segment, measure, classify, diagnose 463 

and predict prognosis. Lastly, their integration into patient care and therapeutic assess- 464 

ment could improve clinical outcomes in the ophthalmology field. 465 
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TRIPOD Checklist: Prediction Model Validation 

Section/Topic Item Checklist Item Page 

Title and abstract 

Title 1 

Identify the study as developing and/or 
validating a multivariable prediction model, 
the target population, and the outcome to be 
predicted. 

Page 1 
“Human versus Artificial Intelligence: 
Validation of a Deep Learning Model for 
Retinal Layer and Fluid Segmentation in 
Optical Coherence Tomography Images from 
Patients with Age-Related Macular 
Degeneration” 

Abstract 2 

Provide a summary of objectives, study 
design, setting, participants, sample size, 
predictors, outcome, statistical analysis, 
results, and conclusions. 

Page 1 
“Artificial Intelligence (AI) models (…) OCT 
imaging management and guide timely 
treatment approaches.” 

Introduction 

Background 
and objectives 

3a 

Explain the medical context (including 
whether diagnostic or prognostic) and 
rationale for developing or validating the 
multivariable prediction model, including 
references to existing models. 

Page 1/2, paragraphs 1-2/1-3 
“Age-related macular degeneration (AMD) is 
a leading cause (…) applicability in real-world 
clinical practice.” 

3b 
Specify the objectives, including whether the 
study describes the development or 
validation of the model or both. 

Page 2, paragraph 4 
“Thus, the present study aims to evaluate the 
performance (…) subjective difficulty degree, 
perceived by the human eye.” 

Methods 

Source of data 

4a 

Describe the study design or source of data 
(e.g., randomized trial, cohort, or registry 
data), separately for the development and 
validation data sets, if applicable. 

Page 2, paragraph 5 
“The study was single-centred, observational, 
retrospective, and cross-sectional.” 

4b 
Specify the key study dates, including start of 
accrual; end of accrual; and, if applicable, 
end of follow-up.  

Page 2, paragraph 7 
“OCT scans were collected from subjects with 
normal eyes and patients diagnosed with 
intermediate and exudative AMD (…) 
between January 2010 and December 2023.” 

Participants 

5a 

Specify key elements of the study setting 
(e.g., primary care, secondary care, general 
population) including number and location of 
centres. 

Page 2, paragraphs 5 and 7 
“The study was single-centred (…)” 
“(…) who presented for routine clinical care at 
the Ophthalmology Service of the Centro 
Hospitalar Universitário of São João, a 
tertiary referral hospital (…)” 

5b Describe eligibility criteria for participants.  

Page 3, paragraphs 3-4 
Inclusion criteria: “Male and female subjects 
(…) after the disease diagnosis was 
required.” 
Exclusion criteria: “Exclusion criteria for the 
study (…) or reduced visualization of the 
retinal layers were also excluded.” 

5c 
Give details of treatments received, if 
relevant.  

Not applicable. 
It was not relevant considering the objectives 
of the study. 

Outcome 

6a 
Clearly define the outcome that is predicted 
by the prediction model, including how and 
when assessed.  

Page 7, paragraph 3 
“The primary outcomes were (…) and fluid 
area in nAMD.” 
“The secondary outcome was (…) of 
segmentation (subjective score).” 

6b 
Report any actions to blind assessment of 
the outcome to be predicted.  

Not applicable in this study approach.  

Predictors 

7a 

Clearly define all predictors used in 
developing or validating the multivariable 
prediction model, including how and when 
they were measured. 

Pages 6, paragraphs 1-2 
“(…) the retinal boundaries (…) throughout 
the entire image).”  
Pages 7, paragraph 1 
“The standard fluid segmentation (…) by the 
same ophthalmologist.” 

7b 
Report any actions to blind assessment of 
predictors for the outcome and other 
predictors.  

Not applicable in this study approach. 

Sample size 8 Explain how the study size was arrived at. 

Page 3, paragraphs 2 and 5 
“A randomized numerical sequence was 
automatically generated (…) until a total of 20 
participants were obtained.” 
“In December 2023, 798 participants were 
assessed for eligibility (…) from the third 
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group analysis, as represented in Figure 1.” 

Missing data 9 

Describe how missing data were handled 
(e.g., complete-case analysis, single 
imputation, multiple imputation) with details of 
any imputation method.  

Not applicable. No missing data were 
observed. 

Statistical 
analysis 
methods 

10c 
For validation, describe how the predictions 

were calculated.  

Page 5, paragraph 4 
“Thus, the seven retinal layers studied in all 
groups and the fluid detected in nAMD 
images are represented in Figure 3.” 
Page 7, paragraph 5 
“The thickness of the segmented retinal 
layers  was converted to microns (µm) (…) 
fluid area was converted to square millimetres 
(mm2) (…)”. 

10d 
Specify all measures used to assess model 
performance and, if relevant, to compare 
multiple models.  

Page 7, paragraphs 7-8 
“To evaluate the performance of the DL 
system (…) to 1 (perfect overlap).” 
“To further evaluate accuracy, (…) quantifying 
fluid area.” 

10e 
Describe any model updating (e.g., 
recalibration) arising from the validation, if 
done. 

Not applicable. There was no update of the 
model during this research. 
 

Risk groups 11 
Provide details on how risk groups were 
created, if done.  

Not applicable. 

Development 
vs. validation 

12 
For validation, identify any differences from 
the development data in setting, eligibility 
criteria, outcome, and predictors.  

Not applicable.  

Results 

Participants 

13a 

Describe the flow of participants through the 
study, including the number of participants 
with and without the outcome and, if 
applicable, a summary of the follow-up time. 
A diagram may be helpful.  

Not applicable. 
This study was not longitudinal. 

13b 

Describe the characteristics of the 
participants (basic demographics, clinical 
features, available predictors), including the 
number of participants with missing data for 
predictors and outcome.  

Page 3, paragraphs 3-5 
“Male and female subjects were evenly 
distributed (…) as represented in Figure 1.” 
Page 7, paragraph 10 
“A total of 60 images from 60 patients (…) for 
a comparative quantitative analysis.” 

13c 

For validation, show a comparison with the 
development data of the distribution of 
important variables (demographics, 
predictors and outcome).  

Not applicable. 

Model 
performance 

16 
Report performance measures (with CIs) for 
the prediction model. 

Page 7, paragraph 4 
“A p value of less than 0.05 was assumed for 
statistical significance.” 
Page 7, paragraph 7 
“(…) Paired Sample T-Test was applied (…) 
Pearson Correlation Coefficient (…) the Dice 
score (…)”. 
Page 9/10, paragraphs 3-4/1 
“(…) a statistical significant difference in the 
mean thickness of outer retina layers (…) 
segmentation (p = 0.026) across different 
disease severities.” 
“(…)The mean difference obtained (…) 
absence of proportional bias.” 
Page 10, paragraph 2 
“(…) there was no statistically significant 
difference across the levels of perceived 
difficulty of segmentation (p=0.625). (…)” 

Model-updating 17 
If done, report the results from any model 
updating (i.e., model specification, model 
performance). 

Not applicable. There was no update of the 
model during this research. 
 

Discussion 

Limitations 18 
Discuss any limitations of the study (such as 
nonrepresentative sample, few events per 
predictor, missing data).  

Page 12, paragraph 3 
“This study had several limitations. (…) 
simulating real-world clinical conditions.” 

Interpretation 19a 
For validation, discuss the results with 
reference to performance in the development 
data, and any other validation data.  

Not applicable. 
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19b 

Give an overall interpretation of the results, 
considering objectives, limitations, results 
from similar studies, and other relevant 
evidence.  

Pages 11/12, paragraphs 4-6/1 
“Firstly, the objective was to (…) future 
technical improvements in the DL algorithm.” 

Implications 20 
Discuss the potential clinical use of the model 
and implications for future research.  

Page 12, paragraph 2 
“Furthermore, the validation of this AI method 
(…) learning curve and skill development in 
interpreting OCT images accurately.” 
Page 12, paragraphs 4-5 
“In the future, there is the prospect (…) thus 
improving patients’ prognosis and quality of 
life.” 

Other information 

Supplementary 
information 21 

Provide information about the availability of 
supplementary resources, such as study 
protocol, Web calculator, and data sets.  

Not applicable. 

Funding 
22 

Give the source of funding and the role of the 
funders for the present study.  

Page 13 
“This research received no external funding.” 

 

We recommend using the TRIPOD Checklist in conjunction with the TRIPOD Explanation and Elaboration document. 
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Instructions for Authors 

Submission Checklist 

Please: 

1. Read the Aims & Scope to gain an overview and assess if your manuscript is suitable for this 
journal; 

2. Use the Microsoft Word template or LaTeX template to prepare your manuscript; 

3. Make sure that issues about publication ethics, research ethics, copyright, authorship, figure 
formats, data and references format have been appropriately considered; 

4. Ensure that all authors have approved the content of the submitted manuscript and confirm that 
they read the Instructions for Authors. 

5. Authors are encouraged to add a biography (optional) to the submission and post it to SciProfiles. 

Manuscript Submission Overview 

Types of Publications 

Full experimental details must be provided so that the results can be reproduced. Diagnostics requires that 
authors publish all experimental controls and make full datasets available where possible (see the guidelines 
on Supplementary Materials and references to unpublished data). 

Manuscripts submitted to Diagnostics should neither be published previously nor be under consideration for 
publication in another journal. The main article types are listed below and a comprehensive list of article 
types can be found here. 

• Article: These are original research manuscripts. The work should report scientifically sound 
experiments and provide a substantial amount of new information. The article should include the most 
recent and relevant references in the field. The structure should include an Abstract, Keywords, 
Introduction, Materials and Methods, Results, Discussion, and Conclusions (optional) sections, with a 
suggested minimum word count of 4000 words. 

• Guidelines: These papers cover step-by-step systematical procedural instructions to clinicians for the 
care of patients with specific conditions. They can be consensus-based or clinical practice guidelines. 

• Protocol: Protocols provide a detailed step-by-step description of a method. They should be proven to 
be robust and reproducible and should accompany a previously published article that uses this 
method. Any materials and equipment used should be explicitly listed. Conditions, quantities, 
concentrations, etc., should be given. Critical timepoints and steps, as well as warnings, should be 
emphasized in the text. The structure should include an Abstract, Keywords, Introduction, 
Experimental Design, Materials and Equipment, Detailed Procedure, and Expected Results, with a 
suggested minimum word count of 4000 words. 

• Review: Reviews offer a comprehensive analysis of the existing literature within a field of study, 
identifying current gaps or problems. They should be critical and constructive and provide 
recommendations for future research. No new, unpublished data should be presented. The structure 
can include an Abstract, Keywords, Introduction, Relevant Sections, Discussion, Conclusions, and 
Future Directions, with a suggested minimum word count of 4000 words. 

• Interesting Images: Diagnostics encourages the submission of Interesting Images. 
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Submission Process 

Manuscripts for Diagnostics should be submitted online at susy.mdpi.com. The submitting author, who is 
generally the corresponding author, is responsible for the manuscript during the submission and peer review 
process. The submitting author must ensure that all eligible co-authors have been included in the author list 
(read the criteria to qualify for authorship) and that they have all read and approved the submitted version 
of the manuscript. To submit your manuscript, register and log in to the submission website. Once you 
have registered, click here to go to the submission form for Diagnostics. All co-authors can see the 
manuscript details in the submission system, if they register and log in using the e-mail address provided 
during manuscript submission. 

Accepted File Formats 

Authors are encouraged to use the Microsoft Word template or LaTeX template to prepare their 
manuscript. Using the template file will substantially shorten the time to complete copy-editing and 
publication of accepted manuscripts. The total amount of data for all files must not exceed 120 MB. If this is 
a problem, please contact the Editorial Office diagnostics@mdpi.com. Accepted file formats are: 

• Microsoft Word: Manuscripts prepared in Microsoft Word must be converted into a single file before 
submission. When preparing manuscripts in Microsoft Word, we encourage you to use 
the Diagnostics Microsoft Word template file. Please insert your graphics (schemes, 
figures, etc.) in the main text after the paragraph of its first citation. 

• LaTeX: Manuscripts prepared in LaTeX must be collated into one ZIP folder (including all source 
files and images, so that the Editorial Office can recompile the submitted PDF). When preparing 
manuscripts in LaTeX, we encourage you to use the Diagnostics LaTeX template files. You can 
now also use the online application writeLaTeX to submit articles directly to Diagnostics. The MDPI 
LaTeX template file should be selected from the writeLaTeX template gallery. 

• Supplementary files: May be any format, but it is recommended that you use common, non-
proprietary formats where possible (see below for further details). 

Disclaimer: Usage of these templates is exclusively intended for submission to the journal for peer 
review, and strictly limited to this purpose and it cannot be used for posting online on preprint 
servers or other websites. 

Free Format Submission 

Diagnostics now accepts free format submission: 

• We do not have strict formatting requirements, but all manuscripts must contain the required 
sections: Author Information, Abstract, Keywords, Introduction, Materials & Methods, Results, 
Conclusions, Figures and Tables with Captions, Funding Information, Author Contributions, Conflict 
of Interest and other Ethics Statements. Check the Journal Instructions for Authors for more 
details. 

• Your references may be in any style, provided that you use the consistent formatting throughout. It 
is essential to include author(s) name(s), journal or book title, article or chapter title (where 
required), year of publication, volume and issue (where appropriate) and pagination. DOI numbers 
(Digital Object Identifier) are not mandatory but highly encouraged. The bibliography software 
package EndNote, Zotero, Mendeley, Reference Manager are recommended. 

• When your manuscript reaches the revision stage, you will be requested to format the manuscript 
according to the journal guidelines. 

Cover Letter 

A cover letter must be included with each manuscript submission. It should be concise and explain why the 
content of the paper is significant, placing the findings in the context of existing work. It should explain why 
the manuscript fits the scope of the journal. 

Any prior submissions of the manuscript to MDPI journals must be acknowledged. If this is the case, it is 
strongly recommended that the previous manuscript ID is provided in the submission system, which will ease 
your current submission process. The names of proposed and excluded reviewers should be provided in the 
submission system, not in the cover letter. 

All cover letters are required to include the statements: 
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• We confirm that neither the manuscript nor any parts of its content are currently under consideration 
or published in another journal. 

• All authors have approved the manuscript and agree with its submission to (journal name). 

Author Identification 

Authors are encouraged to add a biography (300–1500 characters) to the submission and upload it 
to SciProfiles. This should be a single paragraph and should contain the following points: 

1. Authors’ full names followed by current positions; 

2. Education background including institution information and year of graduation (type and level of 
degree received); 

3. Work experience; 

4. Current and previous research interests; 

5. Memberships of professional societies and awards received. 

If a manuscript is accepted for publication, we will add an icon linking to your online ORCID profile in the 
final version of the published paper. 

Author Affiliation 

All authors should list their current affiliation and the affiliation where most research was carried out for the 
preparation of their manuscript. We recommend adding as primary the affiliation where most of the research 
was conducted or supported, but please check with your institution for any contractual agreement 
requirements. 

It is very important that author names and affiliations are correct. Incorrect information can mean a lack of 
proper attribution or incorrect citation and can even lead to problems with promotion or funding. After the 
publication of an article, updates or corrections to the author’s address or affiliation may not be permitted. 

Independent Researcher 

If one or all the authors are not currently affiliated with a university, institution or company, or have not been 
during the development of the manuscript, they should list themselves as an “Independent Researcher”. 

 

Manuscript Preparation 

General Considerations 

• Research manuscripts should comprise: 

o Front matter: Title, Author list, Affiliations, Abstract, Keywords. 

o Research manuscript sections: Introduction, Materials and Methods, Results, Discussion, 
Conclusions (optional). 

o Back matter: Supplementary Materials, Acknowledgments, Author Contributions, Conflicts 
of Interest, References. 

• Review manuscripts should comprise: 

o Front matter: Title, Author list, Affiliations, Abstract, Keywords. 

o Review sections: a literature review organized logically within specific sections and 
subsections (optional). 

o Back matter: Acknowledgments, Author Contributions, Conflicts of Interest, References. 

The template file can be also used to prepare the front and back matter of your review manuscript. It 
is not necessary to follow the remaining structure. 

Structured reviews and meta-analyses should use the same structure as research articles and should 
ensure they conform to the PRISMA guidelines. 
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• Case reports should include a succinct introduction about the general medical condition or relevant 
symptoms that will be discussed in the case report; the case presentation including all of the 
relevant de-identified demographic and descriptive information about the patient(s), and a 
description of the symptoms, diagnosis, treatment, and outcome; a discussion providing context 
and any necessary explanation of specific treatment decisions; a conclusion briefly outlining the 
take-home message and the lessons learned. 

• Interesting Images: Diagnostics encourages the submission of Interesting Images. The number 
of images are at the discretion of the author. No regular manuscript text 
(introduction/methods/results/discussion) should be included. Instead, images should be 
accompanied by detailed legends with no restriction in length. Reference citations should appear 
in the legends. Also, an unstructured abstract of no more than 200 words should be included as 
well as list of 3 to 10 keywords. Image files can be included either in the template or uploaded 
separately in high resolution. There are no restrictions on use of color or image size, however 
features should be sharp and not blurred. For readability, we recommend that any text in figures is 
at least 12 pt in size. Submitted images will be peer-reviewed under the same process as a regular 
research article. 

• Graphical Abstract: 

A graphical abstract (GA) is an image that appears alongside the text abstract in the Table of Contents. 
In addition to summarizing the content, it should represent the topic of the article in an attention-
grabbing way. Moreover, it should not be exactly the same as the Figure in the paper or just a simple 
superposition of several subfigures. Note that the GA must be original and unpublished artwork. Any 
postage stamps, currency from any country, or trademarked items should not be included in it. 

The GA should be a high-quality illustration or diagram in any of the following formats: PNG, JPEG, or 
TIFF. Written text in a GA should be clear and easy to read, using one of the following fonts: Times, 
Arial, Courier, Helvetica, Ubuntu or Calibri. 

The minimum required size for the GA is 560 × 1100 pixels (height × width). The size should be of high 
quality in order to reproduce well. 

• Acronyms/Abbreviations/Initialisms should be defined the first time they appear in each of three 
sections: the abstract; the main text; the first figure or table. When defined for the first time, the 
acronym/abbreviation/initialism should be added in parentheses after the written-out form. 

• SI Units (International System of Units) should be used. Imperial, US customary and other units 
should be converted to SI units whenever possible. 

• Accession numbers of RNA, DNA and protein sequences used in the manuscript should be 
provided in the Materials and Methods section. Also see the section on Deposition of Sequences 
and Expression Data. 

• Equations: If you are using Word, please use either the Microsoft Equation Editor or the MathType 
add-on. Equations should be editable by the editorial office and not appear in a picture format. 

• Research Data and supplementary materials: Note that publication of your manuscript implies 
that you must make all materials, data, and protocols associated with the publication available to 
readers. Disclose at the submission stage any restrictions on the availability of materials or 
information. Read the information about Supplementary Materials and Data Deposit for additional 
guidelines. 

• Preregistration: Where authors have preregistered studies or analysis plans, links to the 
preregistration must be provided in the manuscript. 

• Guidelines and standards: MDPI follows standards and guidelines for certain types of research. 
See https://www.mdpi.com/editorial_process for further information. 

 

Front Matter 

These sections should appear in all manuscript types 

• Title: The title of your manuscript should be concise, specific and relevant. It should identify if the 
study reports (human or animal) trial data, or is a systematic review, meta-analysis or replication 
study. When gene or protein names are included, the abbreviated name rather than full name 
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should be used. Please do not include abbreviated or short forms of the title, such as a running title 
or head. These will be removed by our Editorial Office. 

• Author List and Affiliations: Authors' full first and last names must be provided. The initials of any 
middle names can be added. The PubMed/MEDLINE standard format is used for affiliations: 
complete address information including city, zip code, state/province, and country. At least one 
author should be designated as the corresponding author. The email addresses of all authors will 
be displayed on published papers. It is the responsibility of the corresponding author to ensure that 
consent for the display of email addresses is obtained from all authors. If an author (other than the 
corresponding author) does not wish to have their email addresses displayed in this way, the 
corresponding author must indicate as such during proofreading. After acceptance, updates to 
author names or affiliations may not be permitted. Equal Contributions: authors who have 
contributed equally should be marked with a superscript symbol (†). The symbol must be included 
below the affiliations, and the following statement added: “These authors contributed equally to this 
work”. The equal roles of authors should also be adequately disclosed in the author contributions 
statement. Please read the criteria to qualify for authorship. 

• Abstract: The abstract should be a total of about 200 words maximum. The abstract should be a 
single paragraph and should follow the style of structured abstracts, but without headings: 1) 
Background: Place the question addressed in a broad context and highlight the purpose of the 
study; 2) Methods: Describe briefly the main methods or treatments applied. Include any relevant 
preregistration numbers, and species and strains of any animals used; 3) Results: Summarize the 
article's main findings; and 4) Conclusion: Indicate the main conclusions or interpretations. The 
abstract should be an objective representation of the article: it must not contain results which are 
not presented and substantiated in the main text and should not exaggerate the main conclusions. 

• Keywords: Three to ten pertinent keywords need to be added after the abstract. We recommend 
that the keywords are specific to the article, yet reasonably common within the subject discipline. 

Research Manuscript Sections 

• Introduction: The introduction should briefly place the study in a broad context and highlight why 
it is important. It should define the purpose of the work and its significance, including specific 
hypotheses being tested. The current state of the research field should be reviewed carefully and 
key publications cited. Please highlight controversial and diverging hypotheses when necessary. 
Finally, briefly mention the main aim of the work and highlight the main conclusions. Keep the 
introduction comprehensible to scientists working outside the topic of the paper. 

• Materials and Methods: They should be described with sufficient detail to allow others to replicate 
and build on published results. New methods and protocols should be described in detail while well-
established methods can be briefly described and appropriately cited. Give the name and version 
of any software used and make clear whether computer code used is available. Include any pre-
registration codes. 

• Results: Provide a concise and precise description of the experimental results, their interpretation 
as well as the experimental conclusions that can be drawn. 

• Discussion: Authors should discuss the results and how they can be interpreted in perspective of 
previous studies and of the working hypotheses. The findings and their implications should be 
discussed in the broadest context possible and limitations of the work highlighted. Future research 
directions may also be mentioned. This section may be combined with Results. 

• Conclusions: This section is not mandatory but can be added to the manuscript if the discussion 
is unusually long or complex. 

• Patents: This section is not mandatory but may be added if there are patents resulting from the 
work reported in this manuscript. 

 

Back Matter 

• Supplementary Materials: Describe any supplementary material published online alongside the 
manuscript (figure, tables, video, spreadsheets, etc.). Please indicate the name and title of each 
element as follows Figure S1: title, Table S1: title, etc. 

• Author Contributions: Each author is expected to have made substantial contributions to the 
conception or design of the work; or the acquisition, analysis, or interpretation of data; or the 
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creation of new software used in the work; or have drafted the work or substantively revised it; AND 
has approved the submitted version (and version substantially edited by journal staff that involves 
the author’s contribution to the study); AND agrees to be personally accountable for the author’s 
own contributions and for ensuring that questions related to the accuracy or integrity of any part of 
the work, even ones in which the author was not personally involved, are appropriately investigated, 
resolved, and documented in the literature. 
For research articles with several authors, a short paragraph specifying their individual contributions 
must be provided. The following statements should be used "Conceptualization, X.X. and Y.Y.; 
Methodology, X.X.; Software, X.X.; Validation, X.X., Y.Y. and Z.Z.; Formal Analysis, X.X.; 
Investigation, X.X.; Resources, X.X.; Data Curation, X.X.; Writing – Original Draft Preparation, X.X.; 
Writing – Review & Editing, X.X.; Visualization, X.X.; Supervision, X.X.; Project Administration, X.X.; 
Funding Acquisition, Y.Y.”, please turn to the CRediT taxonomy for the term explanation. For more 
background on CRediT, see here. "Authorship must include and be limited to those who have 
contributed substantially to the work. Please read the section concerning the criteria to 
qualify for authorship carefully". 

• Funding: All sources of funding of the study should be disclosed. Clearly indicate grants that you 
have received in support of your research work and if you received funds to cover publication costs. 
Note that some funders will not refund article processing charges (APC) if the funder and grant 
number are not clearly and correctly identified in the paper. Funding information can be entered 
separately into the submission system by the authors during submission of their manuscript. Such 
funding information, if available, will be deposited to FundRef if the manuscript is finally published. 
Please add: “This research received no external funding” or “This research was funded by [name 
of funder] grant number [xxx]” and “The APC was funded by [XXX]” in this section. Check carefully 
that the details given are accurate and use the standard spelling of funding agency names at 
https://search.crossref.org/funding, any errors may affect your future funding. 

• Institutional Review Board Statement: In this section, please add the Institutional Review Board 
Statement and approval number for studies involving humans or animals. Please note that the 
Editorial Office might ask you for further information. Please add “The study was conducted 
according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review 
Board (or Ethics Committee) of NAME OF INSTITUTE (protocol code XXX and date of approval).” 
OR “Ethical review and approval were waived for this study, due to REASON (please provide a 
detailed justification).” OR “Not applicable” for studies not involving humans or animals. You might 
also choose to exclude this statement if the study did not involve humans or animals. 

• Informed Consent Statement: Any research article describing a study involving humans should 
contain this statement. Please add “Informed consent was obtained from all subjects involved in 
the study.” OR “Patient consent was waived due to REASON (please provide a detailed 
justification).” OR “Not applicable.” for studies not involving humans. You might also choose to 
exclude this statement if the study did not involve humans. 
Written informed consent for publication must be obtained from participating patients who can be 
identified (including by the patients themselves). Please state “Written informed consent has been 
obtained from the patient(s) to publish this paper” if applicable. 

• Data Availability Statement: In this section, please provide details regarding where data 
supporting reported results can be found, including links to publicly archived datasets analyzed or 
generated during the study. Please refer to suggested Data Availability Statements in section 
“MDPI Research Data Policies”. You might choose to exclude this statement if the study did not 
report any data. 

• Acknowledgments: In this section you can acknowledge any support given which is not covered 
by the author contribution or funding sections. This may include administrative and technical 
support, or donations in kind (e.g., materials used for experiments). 

• Conflicts of Interest: Authors must identify and declare any personal circumstances or interest 
that may be perceived as influencing the representation or interpretation of reported research 
results. If there is no conflict of interest, please state "The authors declare no conflict of interest." 
Any role of the funding sponsors in the choice of research project; design of the study; in the 
collection, analyses or interpretation of data; in the writing of the manuscript; or in the decision to 
publish the results must be declared in this section. Diagnostics does not publish studies funded 
partially or fully by the tobacco industry. Any projects funded by industry must pay special attention 
to the full declaration of funder involvement. If there is no role, please state “The sponsors had no 
role in the design, execution, interpretation, or writing of the study”. For more details please 
see Conflict of Interest. 

• References: References must be numbered in order of appearance in the text (including table 
captions and figure legends) and listed individually at the end of the manuscript. We recommend 
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preparing the references with a bibliography software package, such 
as EndNote, ReferenceManager or Zotero to avoid typing mistakes and duplicated references. 
We encourage citations to data, computer code and other citable research material. If available 
online, you may use reference style 9. below. 

• Citations and References in Supplementary files are permitted provided that they also appear in 
the main text and in the reference list. 

In the text, reference numbers should be placed in square brackets [ ], and placed before the punctuation; 
for example [1], [1–3] or [1,3]. For embedded citations in the text with pagination, use both parentheses and 
brackets to indicate the reference number and page numbers; for example [5] (p. 10). or [6] (pp. 101–105). 

The reference list should include the full title, as recommended by the ACS style guide. Style files 
for Endnote and Zotero are available. 

References should be described as follows, depending on the type of work: 

• Journal Articles: 
1. Author 1, A.B.; Author 2, C.D. Title of the article. Abbreviated Journal Name Year, Volume, page 
range. 

• Books and Book Chapters: 
2. Author 1, A.; Author 2, B. Book Title, 3rd ed.; Publisher: Publisher Location, Country, Year; pp. 
154–196. 
3. Author 1, A.; Author 2, B. Title of the chapter. In Book Title, 2nd ed.; Editor 1, A., Editor 2, B., 
Eds.; Publisher: Publisher Location, Country, Year; Volume 3, pp. 154–196. 

• Unpublished materials intended for publication: 
4. Author 1, A.B.; Author 2, C. Title of Unpublished Work (optional). Correspondence Affiliation, 
City, State, Country. year, status (manuscript in preparation; to be submitted). 
5. Author 1, A.B.; Author 2, C. Title of Unpublished Work. Abbreviated Journal Name year, phrase 
indicating stage of publication (submitted; accepted; in press). 

• Unpublished materials not intended for publication: 
6. Author 1, A.B. (Affiliation, City, State, Country); Author 2, C. (Affiliation, City, State, Country). 
Phase describing the material, year. (phase: Personal communication; Private communication; 
Unpublished work; etc.) 

• Conference Proceedings: 
7. Author 1, A.B.; Author 2, C.D.; Author 3, E.F. Title of Presentation. In Title of the Collected 
Work (if available), Proceedings of the Name of the Conference, Location of Conference, Country, 
Date of Conference; Editor 1, Editor 2, Eds. (if available); Publisher: City, Country, Year (if 
available); Abstract Number (optional), Pagination (optional). 

• Thesis: 
8. Author 1, A.B. Title of Thesis. Level of Thesis, Degree-Granting University, Location of University, 
Date of Completion. 

• Websites: 
9. Title of Site. Available online: URL (accessed on Day Month Year). 
Unlike published works, websites may change over time or disappear, so we encourage you create 
an archive of the cited website using a service such as WebCite. Archived websites should be cited 
using the link provided as follows: 
10. Title of Site. URL (archived on Day Month Year). 

See the Reference List and Citations Guide for more detailed information. 

 

Preparing Figures, Schemes and Tables 

• Diagnostics can publish multimedia files in articles or as supplementary materials. Please contact 
the editorial office for further information. 

• All Figures, Schemes and Tables should be inserted into the main text close to their first citation 
and must be numbered following their number of appearance (Figure 1, Scheme 1, Figure 2, 
Scheme 2, Table 1, etc.). 
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• All Figures, Schemes and Tables should have a short explanatory title and caption. 

• All table columns should have an explanatory heading. To facilitate the copy-editing of larger tables, 
smaller fonts may be used, but no less than 8 pt. in size. Authors should use the Table option of 
Microsoft Word to create tables. 

• Authors are encouraged to prepare figures and schemes in color (RGB at 8-bit per channel). There 
is no additional cost for publishing full color graphics. 

 

Original Images Requirements 

To ensure the integrity and scientific validity of digital images, the Editorial Office reserves the right to request 
original, uncropped, and unadjusted images upon submission. Original images must be provided as 
Supplementary Material files at a sufficiently high resolution (a minimum of 1000 pixels in width/height, or a 
resolution of 300 dpi or higher) or a link where original unprocessed images were deposited at the time of 
initial submission. Preferred formats for microscopy images (light and electron microscopy e.g., TEM, SEM, 
Cryo-EM, etc.) are TIFF, PNG, GIF, and EPS. Failing to provide original images before the final decision 
might result in the rejection of the paper, and the issue may be raised with the authors' institutions. 

Digital images within the manuscript submitted should be minimally processed. A certain degree of image 
processing is acceptable for publication, but the final image must correctly represent the original data and 
conform to community standards. Please note that electron microscopy images submitted with a manuscript 
should be presented in full, without cropping the image, and with all the relevant details clearly visible. 

Where cropped images are shown in figures, a full scan of the entire original image(s) must be submitted as 
part of the Supplementary Material. Where control images are re-used for illustrative purposes, this must be 
clearly declared in the figure legend. If any form of image processing is legitimately required for the 
interpretation of the data, the software and the enhancement technique used must be declared in the 
methods section of the manuscript. Image grouping and splicing must be clearly stated in the manuscript 
and the figure text. 

The use of software filters to improve image quality is not recommended. Slight adjustments to contrast 
settings, brightness, intensity, color, etc., are generally acceptable but must be applied equally to the entire 
image. Excessive image manipulations that are specific to one area of an image and are not performed on 
other areas are considered part of a non-ethical practice of image processing, as this emphasizes 
experimental data relative to the control. 

Images gathered at different times or from different locations should not be combined into a single image 
unless it is stated that the resultant image is a product of time-averaged data or a time lapse sequence. If 
juxtaposing images are essential, the borders should be clearly demarcated in the figure and described in 
the legend. 

We encourage the inclusion of the following with the final revised version of the manuscript for publication: 

In the Methods section, specify the type of equipment (microscopes/objective lenses, cameras, detectors, 
filter model, and batch number), the acquisition software used, and the magnification or the scale bar in the 
figure caption. Although we appreciate that there is some variation between instruments, equipment settings 
for critical measurements should also be listed. 

We encourage the deposition of unprocessed image files in a publicly available database (a link to the 
downloadable table from data availability instructions should be shared here) (including relevant metadata 
for acquisition information, including time and space resolution data (xyzt and pixel dimensions); image bit 
depth; experimental conditions such as temperature and imaging medium; and fluorochromes (excitation 
and emission wavelengths or ranges, filters, and dichroic beam splitters) if any). 

Processing software should be named in the Methods section and any manipulations should be indicated in 
the relevant figure legends (such as type of deconvolution, three-dimensional reconstructions, surface and 
volume rendering, “gamma changes”, filtering, thresholding, and projection). 

Comprehensive guidelines on data management and the ethical handling of digital images can obtained 
from The Office of Research Integrity: http://ori.hhs.gov/ images/ddblock/data.pdf 

MDPI is a member of the Committee on Publication Ethics and takes the responsibility to uphold strict ethical 
policies and standards very seriously. 
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Supplementary Materials, Data Deposit and Software Source 
Code 

MDPI Research Data Policies 

MDPI is committed to supporting open scientific exchange and enabling our authors to achieve best 
practices in sharing and archiving research data. We encourage all authors of articles published in MDPI 
journals to share their research data including, but not limited to protocols, analytic methods, raw data, 
processed data, code, software, algorithms, and study material. The data should be FAIR – findable, 
accessible, interoperable, and reusable – so that other researchers can locate and use the data. 

We recommend that data and code should be deposited in a trusted repository that will allow for maximum 
reuse (see the Data Preservation section below). If this is not possible, authors are encouraged to share the 
specific reason in the Data Availability Statement and make this material available upon request to interested 
researchers. In addition, research materials necessary to enable the reproduction of an experiment should 
be indicated in the Materials and Methods section. Individual journal guidelines can be found at the journal 
‘Instructions for Authors’ page. Data sharing policies concern the minimal dataset that supports the central 
findings of a published study. Generated data should be publicly available and cited in accordance with 
journal guidelines. 

MDPI data policies are informed by TOP Guidelines. 

Where ethical, legal, or privacy issues are present, data should not be shared. The authors should clarify 
the availability status of the data upon submission and make any limitations or exceptions clear in the Data 
Availability Statement. Authors should ensure that the data shared is in accordance with consent provided 
by participants on the use of confidential data. Authors should ensure that the publication of such data does 
not compromise the anonymity of the participants or breach local data protection laws. 

In situations where access is restricted to protect confidential or proprietary information, authors will be 
requested to clearly explain the restrictions on the dataset and make the data available upon request, with 
permission for the purposes of peer review. 

MDPI recognizes that some institutions and funding agencies only require the retention of research data for 
a finite period after a project’s completion or publication. However, there are no such limits specified within 
the MDPI Data Availability Policy and, therefore, we encourage the authors to archive their research data 
through appropriate data repositories or provide us with minimal datasets within Supplementary Material. 

Data availability statements 

Data availability statements are required for all articles published with MDPI. During the peer review and 
editorial decision process, authors can be asked to share existing datasets or raw data that have been 
analyzed in the manuscript, and whether they will be made available to other researchers following 
publication. Authors will also be asked for the details of any existing datasets that have been analyzed in the 
manuscript. 

Below are the recommended Data Availability Statements: 

Data availability status Recommended Data Availability Statement 

Data available in a publicly accessible 
repository 

The original data presented in the study are openly available 
in [repository name, e.g., FigShare] at [DOI/URL] or 
[reference/accession number]. 

Data available on request due to restrictions 
(e.g., privacy, legal or ethical reasons) 

The data presented in this study are available on request 
from the corresponding author due to (specify the reason for 
the restriction). 

3rd Party Data 
Restrictions apply to the availability of these data. Data were 
obtained from [third party] and are available [from the 
authors/at URL] with the permission of [third party]. 

Embargo on data due to commercial 
restrictions 

The data that support the findings will be available in 
[repository name] at [URL / DOI link] following an embargo 
from the date of publication to allow for commercialization of 
research findings. 

Restrictions apply to the datasets: 
The datasets presented in this article are not readily 
available because [include reason, e.g., the data are part of 
an ongoing study or due to technical/ time limitations]. 
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Requests to access the datasets should be directed to [text 
input]. 

Data derived from public domain resources: 

The data presented in this study are available in [repository 
name] at [URL/DOI], reference number [reference number]. 
These data were derived from the following resources 
available in the public domain: [list resources and URLs] 

Data sharing is not applicable (only 
appropriate if no new data is generated or 
the article describes entirely theoretical 
research. 

No new data were created or analyzed in this study. Data 
sharing is not applicable to this article 

Data is contained within the article or 
supplementary material: 

The original contributions presented in the study are included 
in the article/supplementary material, further inquiries can be 
directed to the corresponding author/s. 

Dataset available on request from the 
authors. 

The raw data supporting the conclusions of this article will be 
made available by the authors on request. 

 

Data preservation 

MDPI acknowledges that researchers, institutions, journals, and data repositories have a shared 
responsibility to ensure long-term data preservation, and MDPI encourages authors to select data 
repositories with this goal in mind. 

MDPI encourages authors to commit to preserving their datasets on their laboratory or institutional 
servers, for at least five years after publication. If, during that time, the repository to which the data were 
originally submitted disappears or experiences data loss, we may ask the authors to upload the data to 
another repository and publish a correction or update to the original publication. 

If authors remove their data from the original public repository or change access criteria in a manner that is 
inconsistent with the publication, we may ask authors to notify the editorial office as soon as possible. 

How to choose an appropriate data repository 

MDPI encourages the submission of data to community-recognized data repositories where possible. We 
recommend the authors visit re3data.org or fairsharing.org to help identify registered and certified data 
repositories relevant to their subject area if no community resource is available. If the authors’ institution has 
its generalist data repository this can be used to host authors’ data as long as the repository can 
mint DataCite DOIs, and allows for data to be shared under open terms of use (for example the CC0 
waiver). 

Data repository criteria 

The following criteria should be considered when selecting an appropriate repository, ensuring that 
platforms: 

• Ensure long-term persistence and preservation of datasets in their published form; 

• Provide stable identifiers for submitted datasets (DOIs in most cases); 

• Allow public access to data without barriers, such as logins or paywalls; 

• Support open licenses (CC0 and CC-BY, or their equivalents, are required in most cases); 

• Provide confidential review of submitted datasets without the requirement for reviewers to provide 
identifying information. 

Data citation 

Authors are encouraged to formally cite any datasets stored in external repositories that are mentioned 
within their manuscript, including the main datasets that are the focus of the submission, as well as any other 
datasets that have been used in the work. For previously published datasets, authors should cite both the 
related research articles and the datasets themselves. Appropriate citation of data is checked and enforced 
by Journal Editorial staff before publication. 

Computer Code and Software 
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For work where novel computer code was developed, authors should release the code either by depositing 
in a recognized, public repository or uploading as supplementary information to the publication. The name 
and version of all software used should be clearly indicated. 

Supplementary Material 

Additional data and files can be uploaded as "Supplementary Files" during the manuscript submission 
process. The supplementary files will also be available to the referees as part of the peer review process. 
Any file format is acceptable, however we recommend that common, non-proprietary formats are used where 
possible. For more information on supplementary materials, please refer 
to https://www.mdpi.com/authors/layout#_bookmark83. 

Unpublished Data 

Restrictions on data availability should be noted during submission and in the manuscript. "Data not shown" 
should be avoided: authors are encouraged to publish all observations related to the submitted manuscript 
as Supplementary Material. "Unpublished data" intended for publication in a manuscript that is either 
planned, "in preparation" or "submitted" but not yet accepted, should be cited in the text and a reference 
should be added in the References section. "Personal Communication" should also be cited in the text and 
reference added in the References section. (see also the MDPI reference list and citations style guide). 

Remote Hosting and Large Data Sets 

Data may be deposited with specialized service providers or institutional/subject repositories, preferably 
those that use the DataCite mechanism. Large data sets and files greater than 60 MB must be deposited in 
this way. For a list of other repositories specialized in scientific and experimental data, please consult 
databib.org or re3data.org. The data repository name, link to the data set (URL) and accession number, doi 
or handle number of the data set must be provided in the paper. The journal Data also accepts submissions 
of data set papers. 

Deposition of Sequences and Expression Data 

New sequence information must be deposited to the appropriate database prior to submission of the 
manuscript. Accession numbers provided by the database should be included in the submitted manuscript. 
Manuscripts will not be published until the accession number is provided. 

• New nucleic acid sequences must be deposited into an acceptable repository such 
as GenBank, EMBL, or DDBJ. Sequences should be submitted to only one database. 

• New high throughput sequencing (HTS) datasets (RNA-seq, ChIP-Seq, degradome analysis, …) 
must be deposited either in the GEO database or in the NCBI’s Sequence Read Archive. 

• New microarray data must be deposited either in the GEO or the ArrayExpress databases.The 
"Minimal Information About a Microarray Experiment" (MIAME) guidelines published by the 
Microarray Gene Expression Data Society must be followed. 

• New protein sequences obtained by protein sequencing must be submitted to UniProt (submission 
tool SPIN). 

All sequence names and the accession numbers provided by the databases should be provided in the 
Materials and Methods section of the article. 

References in Supplementary Files 

Citations and References in Supplementary files are permitted provided that they also appear in the 
reference list of the main text. 

 

Research and Publication Ethics 

Research Ethics 

Research Involving Human Subjects 

When reporting on research that involves human subjects, human material, human tissues, or human data, 
authors must declare that the investigations were carried out following the rules of the Declaration of Helsinki 
of 1975 (https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/), revised in 2013. 

38

https://www.mdpi.com/authors/layout#_bookmark83
https://www.mdpi.com/journal/data
https://www.ncbi.nlm.nih.gov/genbank/
https://www.ebi.ac.uk/submission/
https://www.ddbj.nig.ac.jp/ddbj/index-e.html
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/


According to point 23 of this declaration, an approval from the local institutional review board (IRB) or other 
appropriate ethics committee must be obtained before undertaking the research to confirm the study meets 
national and international guidelines. As a minimum, a statement including the project identification code, 
date of approval, and name of the ethics committee or institutional review board must be stated in Section 
‘Institutional Review Board Statement’ of the article. 

Example of an ethical statement: "All subjects gave their informed consent for inclusion before they 
participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the 
protocol was approved by the Ethics Committee of XXX (Project identification code)." 

For non-interventional studies (e.g. surveys, questionnaires, social media research), all participants must be 
fully informed if the anonymity is assured, why the research is being conducted, how their data will be used 
and if there are any risks associated. As with all research involving humans, ethical approval from an 
appropriate ethics committee must be obtained prior to conducting the study. If ethical approval is not 
required, authors must either provide an exemption from the ethics committee or are encouraged to cite the 
local or national legislation that indicates ethics approval is not required for this type of study. Where a study 
has been granted exemption, the name of the ethics committee which provided this should be stated in 
Section ‘Institutional Review Board Statement’ with a full explanation regarding why ethical approval was 
not required. 

A written informed consent for publication must be obtained from participating patients. Data relating to 
individual participants must be described in detail, but private information identifying participants need not 
be included unless the identifiable materials are of relevance to the research (for example, photographs of 
participants’ faces that show a particular symptom). Patients’ initials or other personal identifiers must not 
appear in any images. For manuscripts that include any case details, personal information, and/or images 
of patients, authors must obtain signed informed consent for publication from patients (or their 
relatives/guardians) before submitting to an MDPI journal. Patient details must be anonymized as far as 
possible, e.g., do not mention specific age, ethnicity, or occupation where they are not relevant to the 
conclusions. A template permission form is available to download. A blank version of the form used to 
obtain permission (without the patient names or signature) must be uploaded with your submission. Editors 
reserve the right to reject any submission that does not meet these requirements. 

You may refer to our sample form and provide an appropriate form after consulting with your affiliated 
institution. For the purposes of publishing in MDPI journals, a consent, permission, or release form should 
include unlimited permission for publication in all formats (including print, electronic, and online), in 
sublicensed and reprinted versions (including translations and derived works), and in other works and 
products under open access license. To respect patients’ and any other individual’s privacy, please do not 
send signed forms. The journal reserves the right to ask authors to provide signed forms if necessary. 

If the study reports research involving vulnerable groups, an additional check may be performed. The 
submitted manuscript will be scrutinized by the editorial office and upon request, documentary evidence 
(blank consent forms and any related discussion documents from the ethics board) must be supplied. 
Additionally, when studies describe groups by race, ethnicity, gender, disability, disease, etc., explanation 
regarding why such categorization was needed must be clearly stated in the article. 

Ethical Guidelines for the Use of Animals in Research 

The editors will require that the benefits potentially derived from any research causing harm to animals are 
significant in relation to any cost endured by animals, and that procedures followed are unlikely to cause 
offense to the majority of readers. Authors should particularly ensure that their research complies with the 
commonly-accepted '3Rs [1]': 

• Replacement of animals by alternatives wherever possible, 

• Reduction in number of animals used, and 

• Refinement of experimental conditions and procedures to minimize the harm to animals. 

Authors must include details on housing, husbandry and pain management in their manuscript. 

For further guidance authors should refer to the Code of Practice for the Housing and Care of Animals Used 
in Scientific Procedures [2], American Association for Laboratory Animal Science [3] or European Animal 
Research Association [4]. 

If national legislation requires it, studies involving vertebrates or higher invertebrates must only be carried 
out after obtaining approval from the appropriate ethics committee. As a minimum, the project identification 
code, date of approval and name of the ethics committee or institutional review board should be stated in 
Section ‘Institutional Review Board Statement’. Research procedures must be carried out in accordance 
with national and institutional regulations. Statements on animal welfare should confirm that the study 
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complied with all relevant legislation. Clinical studies involving animals and interventions outside of routine 
care require ethics committee oversight as per the American Veterinary Medical Association. If the study 
involved client-owned animals, informed client consent must be obtained and certified in the manuscript 
report of the research. Owners must be fully informed if there are any risks associated with the procedures 
and that the research will be published. If available, a high standard of veterinary care must be provided. 
Authors are responsible for correctness of the statements provided in the manuscript. 

If ethical approval is not required by national laws, authors must provide an exemption from the ethics 
committee, if one is available. Where a study has been granted exemption, the name of the ethics committee 
that provided this should be stated in Section ‘Institutional Review Board Statement’ with a full explanation 
on why the ethical approval was not required. 

If no animal ethics committee is available to review applications, authors should be aware that the ethics of 
their research will be evaluated by reviewers and editors. Authors should provide a statement justifying the 
work from an ethical perspective, using the same utilitarian framework that is used by ethics committees. 
Authors may be asked to provide this even if they have received ethical approval. 

MDPI endorses the ARRIVE guidelines (arriveguidelines.org/) for reporting experiments using live animals. 
Authors and reviewers must use the ARRIVE guidelines as a checklist, which can be found 
at https://arriveguidelines.org/sites/arrive/files/documents/ARRIVE%20Compliance%20Questionnai
re.pdf. Editors reserve the right to ask for the checklist and to reject submissions that do not adhere to these 
guidelines, to reject submissions based on ethical or animal welfare concerns or if the procedure described 
does not appear to be justified by the value of the work presented. 

1. NSW Department of Primary Industries and Animal Research Review Panel. Three Rs. Available 
online: https://www.animalethics.org.au/three-rs 

2. Home Office. Animals (Scientific Procedures) Act 1986. Code of Practice for the Housing and Care 
of Animals Bred, Supplied or Used for Scientific Purposes. Available 
online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attac
hment_data/file/388535/CoPanimalsWeb.pdf 

3. American Association for Laboratory Animal Science. The Scientific Basis for Regulation of Animal 
Care and Use. Available online: https://www.aalas.org/about-aalas/position-papers/scientific-
basis-for-regulation-of-animal-care-and-use 

4. European Animal Research Association. EU regulations on animal research. Available 
online: https://www.eara.eu/animal-research-law 

Research Involving Cell Lines 

Methods sections for submissions reporting on research with cell lines should state the origin of any cell 
lines. For established cell lines the provenance should be stated and references must also be given to either 
a published paper or to a commercial source. If previously unpublished de novo cell lines were used, 
including those gifted from another laboratory, details of institutional review board or ethics committee 
approval must be given, and confirmation of written informed consent must be provided if the line is of human 
origin. 

An example of Ethical Statements: 

The HCT116 cell line was obtained from XXXX. The MLH1+ cell line was provided by XXXXX, Ltd. The DLD-
1 cell line was obtained from Dr. XXXX. The DR-GFP and SA-GFP reporter plasmids were obtained from 
Dr. XXX and the Rad51K133A expression vector was obtained from Dr. XXXX. 

Research Involving Plants 

Experimental research on plants (either cultivated or wild) including collection of plant material, must comply 
with institutional, national, or international guidelines. We recommend that authors comply with 
the Convention on Biological Diversity and the Convention on the Trade in Endangered Species of 
Wild Fauna and Flora. 

For each submitted manuscript supporting genetic information and origin must be provided. For research 
manuscripts involving rare and non-model plants (other than, e.g., Arabidopsis thaliana, Nicotiana 
benthamiana, Oryza sativa, or many other typical model plants), voucher specimens must be deposited in 
an accessible herbarium or museum. Vouchers may be requested for review by future investigators to verify 
the identity of the material used in the study (especially if taxonomic rearrangements occur in the future). 
They should include details of the populations sampled on the site of collection (GPS coordinates), date of 
collection, and document the part(s) used in the study where appropriate. For rare, threatened or 
endangered species this can be waived but it is necessary for the author to describe this in the cover letter. 
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Editors reserve the rights to reject any submission that does not meet these requirements. 

An example of Ethical Statements: 

Torenia fournieri plants were used in this study. White-flowered Crown White (CrW) and violet-flowered 
Crown Violet (CrV) cultivars selected from ‘Crown Mix’ (XXX Company, City, Country) were kindly provided 
by Dr. XXX (XXX Institute, City, Country). 

Arabidopis mutant lines (SALKxxxx, SAILxxxx,…) were kindly provided by Dr. XXX, institute, city, country). 

Clinical Trials Registration 

Registration 

MDPI follows the International Committee of Medical Journal Editors (ICMJE) guidelines which require and 
recommend registration of clinical trials in a public trials registry at or before the time of first patient enrollment 
as a condition of consideration for publication. 

Purely observational studies do not require registration. A clinical trial not only refers to studies that take 
place in a hospital or involve pharmaceuticals, but also refer to all studies which involve participant 
randomization and group classification in the context of the intervention under assessment. 

Authors are strongly encouraged to pre-register clinical trials with an international clinical trials register and 
cite a reference to the registration in the Methods section. Suitable databases include clinicaltrials.gov, the 
EU Clinical Trials Register and those listed by the World Health Organisation International Clinical Trials 
Registry Platform. 

Approval to conduct a study from an independent local, regional, or national review body is not equivalent 
to prospective clinical trial registration. MDPI reserves the right to decline any paper without trial registration 
for further peer review. However, if the study protocol has been published before the enrolment, the 
registration can be waived with correct citation of the published protocol. 

CONSORT Statement 

MDPI requires a completed CONSORT 2010 checklist and flow diagram as a condition of submission 
when reporting the results of a randomized trial. Templates for these can be found here or on the CONSORT 
website (http://www.consort-statement.org) which also describes several CONSORT checklist extensions 
for different designs and types of data beyond two group parallel trials. At minimum, your article should report 
the content addressed by each item of the checklist. 

 

Dual Use Research of Concern 

MDPI follows the practical framework defined in Guidance for Editors: Research, Audit and Service 
Evaluations and introduced by the Committee on Publication Ethics (COPE). Research that could pose a 
significant threat, with broad potential consequences to public health or national security, should be clearly 
indicated in the manuscript, and potential dual-use research of concern should be explained in the cover 
letter upon submission. Potential areas of concern include but are not limited to biosecurity, nuclear and 
chemical threats, and research with a military purpose or application, etc. For these manuscripts to be 
considered for peer review, the benefits to the general public or public health must outweigh the risks. The 
authors have a responsibility to comply with relevant national and international laws. 

 

Sex and Gender in Research 

We encourage our authors to follow the ‘Sex and Gender Equity in Research – SAGER – guidelines’ and 
to include sex and gender considerations where relevant. Authors should use the terms sex (biological 
attribute) and gender (shaped by social and cultural circumstances) carefully in order to avoid confusing 
both terms. Article titles and/or abstracts should indicate clearly what sex(es) the study applies to. Authors 
should also describe in the background, whether sex and/or gender differences may be expected; report 
how sex and/or gender were accounted for in the design of the study; provide disaggregated data by sex 
and/or gender, where appropriate; and discuss respective results. If a sex and/or gender analysis was not 
conducted, the rationale should be given in the Discussion. We suggest that our authors consult the 
full guidelines before submission. 
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Borders and Territories 

Potential disputes over borders and territories may have particular relevance for authors in describing their 
research or in an author or editor correspondence address, and should be respected. Content decisions are 
an editorial matter and where there is a potential or perceived dispute or complaint, the editorial team will 
attempt to find a resolution that satisfies parties involved. 

MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

Publication Ethics Statement 

Diagnostics is a member of the Committee on Publication Ethics (COPE). We fully adhere to its Code of 
Conduct and to its Best Practice Guidelines. 

The editors of this journal enforce a rigorous peer review process together with strict ethical policies and 
standards to ensure to add high quality scientific works to the field of scholarly publication. Unfortunately, 
cases of plagiarism, data falsification, image manipulation, inappropriate authorship credit, and the like, do 
arise. The editors of Diagnostics take such publishing ethics issues very seriously and are trained to proceed 
in such cases with a zero tolerance policy. 

Authors wishing to publish their papers in Diagnostics must abide to the following: 

• Any facts that might be perceived as a possible conflict of interest of the author(s) must be disclosed 
in the paper prior to submission. 

• Authors should accurately present their research findings and include an objective discussion of 
the significance of their findings. 

• Data and methods used in the research need to be presented in sufficient detail in the paper, so 
that other researchers can replicate the work. 

• Raw data should preferably be publicly deposited by the authors before submission of their 
manuscript. Authors need to at least have the raw data readily available for presentation to the 
referees and the editors of the journal, if requested. Authors need to ensure appropriate measures 
are taken so that raw data is retained in full for a reasonable time after publication. 

• Simultaneous submission of manuscripts to more than one journal is not tolerated. 

• The journal accepts exact translations of previously published work. All submissions of translations 
must conform with our policies on translations. 

• If errors and inaccuracies are found by the authors after publication of their paper, they need to be 
promptly communicated to the editors of this journal so that appropriate actions can be taken. 
Please refer to our policy regarding Updating Published Papers. 

• Your manuscript should not contain any information that has already been published. If you include 
already published figures or images, please obtain the necessary permission from the copyright 
holder to publish under the CC-BY license. For further information, see the Rights and 
Permissions page. 

• Plagiarism, data fabrication and image manipulation are not tolerated. 

o Plagiarism is not acceptable in Diagnostics submissions. 

Plagiarism includes copying text, ideas, images, or data from another source, even from your 
own publications, without giving any credit to the original source. 

Reuse of text that is copied from another source must be between quotes and the original 
source must be cited. If a study's design or the manuscript's structure or language has been 
inspired by previous works, these works must be explicitly cited. 

All MDPI submissions are checked for plagiarism using the industry standard software 
iThenticate. If plagiarism is detected during the peer review process, the manuscript may be 
rejected. If plagiarism is detected after publication, an investigation will take place and action 
taken in accordance with our policies. 

o Image files must not be manipulated or adjusted in any way that could lead to 
misinterpretation of the information provided by the original image. 
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Irregular manipulation includes: 1) introduction, enhancement, moving, or removing 
features from the original image; 2) grouping of images that should obviously be presented 
separately (e.g., from different parts of the same gel, or from different gels); or 3) modifying 
the contrast, brightness or color balance to obscure, eliminate or enhance some information. 

If irregular image manipulation is identified and confirmed during the peer review process, 
we may reject the manuscript. If irregular image manipulation is identified and confirmed 
after publication, we may correct or retract the paper. 

Our in-house editors will investigate any allegations of publication misconduct and may contact the 
authors' institutions or funders if necessary. If evidence of misconduct is found, appropriate action will 
be taken to correct or retract the publication. Authors are expected to comply with the best ethical 
publication practices when publishing with MDPI. 

Citation Policy 

Authors should ensure that where material is taken from other sources (including their own published writing) 
the source is clearly cited and that where appropriate permission is obtained. 

Authors should not engage in excessive self-citation of their own work. 

Authors should not copy references from other publications if they have not read the cited work. 

Authors should not preferentially cite their own or their friends’, peers’, or institution’s publications. 

Authors should not cite advertisements or advertorial material. 

In accordance with COPE guidelines, we expect that “original wording taken directly from publications by 
other researchers should appear in quotation marks with the appropriate citations.” This condition also 
applies to an author’s own work. COPE have produced a discussion document on citation 
manipulation with recommendations for best practice. 

 

Reviewer Suggestions 

During the submission process, please suggest three potential reviewers with the appropriate expertise to 
review the manuscript. The editors will not necessarily approach these referees. Please provide detailed 
contact information (address, homepage, phone, e-mail address). The proposed referees should neither be 
current collaborators of the co-authors nor have published with any of the co-authors of the manuscript within 
the last three years. Proposed reviewers should be from different institutions to the authors. You may identify 
appropriate Editorial Board members of the journal as potential reviewers. You may suggest reviewers from 
among the authors that you frequently cite in your paper. For detailed information regarding the qualifications 
and responsibilities of the reviewers, please visit https://www.mdpi.com/reviewers. 

 

Extensive English Editing 

It is the authors’ responsibility to submit their work in correct English. The APC includes only minor English 
editing, conducted by native English speakers. The APC does not include extensive English editing. If 
extensive editing is required, your paper could be returned to you at the English editing stage of the 
publication process. This could delay the publication of your work. You may have your work reviewed by an 
experienced English-speaking colleague or use a paid language-editing service before submitting your 
paper for publication. We offer rapid English editing, completed in 1 day, here: Author Services. 

 

Preprints and Conference Papers 

Diagnostics accepts submissions that have previously been made available as preprints provided that they 
have not undergone peer review. A preprint is a draft version of a paper made available online before 
submission to a journal. 
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MDPI operates Preprints, a preprint server to which submitted papers can be uploaded directly after 
completing journal submission. Note that Preprints operates independently of the journal and posting a 
preprint does not affect the peer review process. Check the Preprints instructions for authors for further 
information. 

Expanded and high-quality conference papers can be considered as articles if they fulfill the following 
requirements: (1) the paper should be expanded to the size of a research article; (2) the conference paper 
should be cited and noted on the first page of the paper; (3) if the authors do not hold the copyright of the 
published conference paper, authors should seek the appropriate permission from the copyright holder; (4) 
authors are asked to disclose that it is conference paper in their cover letter and include a statement on what 
has been changed compared to the original conference paper. Diagnostics does not publish pilot studies or 
studies with inadequate statistical power. 

Unpublished conference papers that do not meet the above conditions are recommended to be submitted 
to the Proceedings Series journals. 

 

Authorship 

MDPI follows the International Committee of Medical Journal Editors (ICMJE) guidelines which state that, in 
order to qualify for authorship of a manuscript, the following criteria should be observed: 

• Substantial contributions to the conception or design of the work; or the acquisition, analysis, or 
interpretation of data for the work; AND 

• Drafting the work or reviewing it critically for important intellectual content; AND 

• Final approval of the version to be published; AND 

• Agreement to be accountable for all aspects of the work in ensuring that questions related to the 
accuracy or integrity of any part of the work are appropriately investigated and resolved. 

Those who contributed to the work but do not qualify for authorship should be listed in the acknowledgments. 
More detailed guidance on authorship is given by the International Committee of Medical Journal Editors 
(ICMJE). 

Any change to the author list should be approved by all authors including any who have been removed from 
the list. The corresponding author should act as a point of contact between the editor and the other authors 
and should keep co-authors informed and involve them in major decisions about the publication. We reserve 
the right to request confirmation that all authors meet the authorship conditions. 

For more details about authorship please check MDPI ethics website. 

Editorial Independence 

Lack of Interference with Editorial Decisions 

Editorial independence is of utmost importance and MDPI does not interfere with editorial decisions. All 
articles published by MDPI are peer reviewed and assessed by our independent editorial boards, and MDPI 
staff are not involved in decisions to accept manuscripts. When making an editorial decision, we expect the 
academic editor to make their decision based only upon: 

• The suitability of selected reviewers; 

• Adequacy of reviewer comments and author response; 

• Overall scientific quality of the paper. 

In all of our journals, in every aspect of operation, MDPI policies are informed by the mission to make science 
and research findings open and accessible as widely and rapidly as possible. 

Editors and Editorial Staff as Authors 

Editorial staff or editors shall not be involved in processing their own academic work. Submissions authored 
by editorial staff/editors will be assigned to at least two independent outside reviewers. Decisions will be 

44

https://www.preprints.org/
https://www.preprints.org/instructions_for_authors
https://www.mdpi.com/about/proceedings
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://www.mdpi.com/ethics#1


made by other Editorial Board Members who do not have a conflict of interest with the author. Journal staff 
are not involved in the processing of their own work submitted to any MDPI journals. 

Conflicts of Interest 

According to The International Committee of Medical Journal Editors, “Authors should avoid entering into 
agreements with study sponsors, both for-profit and non-profit, that interfere with authors’ access to all of 
the study’s data or that interfere with their ability to analyze and interpret the data and to prepare and publish 
manuscripts independently when and where they choose.” 

All authors must disclose all relationships or interests that could inappropriately influence or bias their work. 
Examples of potential conflicts of interest include but are not limited to financial interests (such as 
membership, employment, consultancies, stocks/shares ownership, honoraria, grants or other funding, paid 
expert testimonies and patent-licensing arrangements) and non-financial interests (such as personal or 
professional relationships, affiliations, personal beliefs). 

Authors can disclose potential conflicts of interest via the online submission system during the submission 
process. Declarations regarding conflicts of interest can also be collected via the MDPI disclosure form. 
The corresponding author must include a summary statement in the manuscript in a separate section 
“Conflicts of Interest” placed just before the reference list. The statement should reflect all the collected 
potential conflicts of interest disclosures in the form. 

See below for examples of disclosures: 

Conflicts of Interest: Author A has received research grants from Company A. Author B has received a 
speaker honorarium from Company X and owns stocks in Company Y. Author C has been involved as a 
consultant and expert witness in Company Z. Author D is the inventor of patent X. 

If no conflicts exist, the authors should state: 

Conflicts of Interest: The authors declare no conflicts of interest. 

 

Editorial Procedures and Peer Review 

Pre-check 

Immediately after submission, the journal’s Managing Editor will perform the technical pre-check to assess: 

• Overall suitability of the manuscript to the journal/section/Special Issue; 

• Manuscript adherence to high-quality research and ethical standards; 

• Standards of rigor to qualify for further review. 

The academic editor (i.e., the Editor-in-Chief in the case of regular submissions, the Guest Editor in the case 
of Special Issue submissions, or an Editorial Board member in the case of a conflict of interest and of regular 
submissions if the Editor-in-Chief allows) will be notified of the submission and invited to perform an editorial 
pre-check. During the editorial pre-check phase, the academic editor will assess the suitability of the 
submission with respect to the scope of the journal, as well as the overall scientific soundness of the 
manuscript, including the relevance of the references and the correctness of the applied methodology. 
Academic editors can decide to reject the manuscript, request revisions before peer review, or continue with 
the peer review process and recommend suitable reviewers. 

Peer Review 

Once a manuscript passes the initial checks, it will be assigned to at least two independent experts for peer 
review. A single-blind review is applied, where authors' identities are known to reviewers. Peer review 
comments are confidential and will only be disclosed with the express agreement of the reviewer. 

In the case of regular submissions, in-house assistant editors will invite experts, including recommendations 
by an academic editor. These experts may also include Editorial Board Members and Guest Editors of the 
journal. Potential reviewers suggested by the authors may also be considered. Reviewers should not have 
published with any of the co-authors during the past three years and should not currently work or collaborate 
with any of the institutions of the co-authors of the submitted manuscript. For more details about potential 
conflicts of interest, please check here, https://www.mdpi.com/reviewers#_bookmark9. 
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Optional Open Peer Review 

The journal operates optional open peer review: Authors are given the option for all review reports and 
editorial decisions to be published alongside their manuscript. In addition, reviewers can sign their review, 
i.e., identify themselves in the published review reports. Authors can alter their choice for open peer review 
at any time before publication, but once the paper has been published changes will only be made at the 
discretion of the Publisher and Editor-in-Chief. We encourage authors to take advantage of this opportunity 
as proof of the rigorous process employed in publishing their research. To guarantee impartial refereeing, 
the names of referees will be revealed only if the referees agree to do so, and after a paper has been 
accepted for publication. 

Editorial Decision and Revision 

All the articles, reviews and communications published in MDPI journals go through the peer review process 
and receive at least two reviews. The in-house editor will communicate the decision of the academic editor, 
which will be one of the following: 

• Accept after Minor Revisions: 
The paper is in principle accepted after revision based on the reviewer’s comments. Authors are 
given five days for minor revisions. 

• Reconsider after Major Revisions: 
The acceptance of the manuscript would depend on the revisions. The author needs to provide a 
point by point response or provide a rebuttal if some of the reviewer’s comments cannot be revised. 
A maximum of two rounds of major revision per manuscript is normally provided. Authors will be 
asked to resubmit the revised paper within a suitable time frame, and the revised version will be 
returned to the reviewer for further comments. If the required revision time is estimated to be longer 
than 2 months, we will recommend that authors withdraw their manuscript before resubmitting so 
as to avoid unnecessary time pressure and to ensure that all manuscripts are sufficiently revised. 

• Reject and Encourage Resubmission: 
If additional experiments are needed to support the conclusions, the manuscript will be rejected 
and the authors will be encouraged to re-submit the paper once further experiments have been 
conducted. 

• Reject: 
The article has serious flaws, and/or makes no original significant contribution. No offer of 
resubmission to the journal is provided. 

All reviewer comments should be responded to in a point-by-point fashion. Where the authors disagree with 
a reviewer, they must provide a clear response. 

Author Appeals 

Authors may appeal a rejection by sending an e-mail to the Editorial Office of the journal. The appeal must 
provide a detailed justification, including point-by-point responses to the reviewers' and/or Editor's comments 
using an appeal form. Appeals can only be submitted following a “reject and decline resubmission” decision 
and should be submitted within three months from the decision date. Failure to meet these criteria will result 
in the appeal not being considered further. The Managing Editor will forward the manuscript and related 
information (including the identities of the referees) to a designated Editorial Board Member. The Academic 
Editor being consulted will be asked to provide an advisory recommendation on the manuscript and may 
recommend acceptance, further peer review, or uphold the original rejection decision. This decision will then 
be validated by the Editor-in-Chief. A reject decision at this stage is final and cannot be reversed. 

Production and Publication 

Once accepted, the manuscript will undergo professional copy-editing, English editing, proofreading by the 
authors, final corrections, pagination, and, publication on the www.mdpi.com website. 

Please read detailed Editorial Process here. 

 

Promoting Equity, Diversity and Inclusiveness within MDPI 
Journals 

Our Managing Editors encourage the Editors-in-Chief and Associate Editors to appoint diverse expert 
Editorial Boards. This is also reflective in our multi-national and inclusive workplace. We are proud to create 
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equal opportunities without regard to gender, ethnicity, sexual orientation, age, religion, or socio-economic 
status. There is no place for discrimination in our workplace and editors of MDPI journals are to uphold these 
principles in high regard. 

 

Resource Identification Initiative 

To improve the reproducibility of scientific research, the Resource Identification Initiative aims to provide 
unique persistent identifiers for key biological resources, including antibodies, cell lines, model organisms 
and tools. 

We encourage authors to include unique identifiers - RRIDs- provided by the Resource Identification 
Portal in the dedicated section of the manuscript. 

To help authors quickly find the correct identifiers for their materials, there is a single website where all 
resource types can be found and a ‘cite this’ button next to each resource, that contains a proper citation 
text that should be included in the methods section of the manuscript. 
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