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Abstract:

Introduction: The use of Artificial Intelligence (AI) for image-based diagnosis in dermatology is increasing rapidly.
The clinical accuracy of Al in diagnosing different skin conditions remains under evaluation. This study aimed to
evaluate the diagnostic performance of an Al application in comparison to confirmed clinical diagnoses by
dermatologists.

Method: A cross-sectional study was carried out on 400 patients with different skin conditions, including acne,
alopecia, eczema, pigmentary disorders, psoriasis, immunological disorders, tumors, infections, and infestations. The
study analyzed Al-based predictions using the Tibot AI application, comparing them against dermatologists’
diagnoses.

Results: The Al application demonstrated high diagnostic accuracy for certain dermatological conditions such as
adnexal disorders (AUC 0.93-0.98), pigmentary disorders (AUC 0.88-0.94), and cutaneous tumors (AUC 0.87-0.95).
Sensitivity for adnexal disorders was 88.9% (top one) and 94.4% (top three), and for Pigmentary disorders, it was
75.8% and 87.9% for top one and top-three predictions, respectively.However, Al performance was lower for
immunological disorders (31.3% sensitivity) and cutaneous infestations (22.2%). Overall accuracy improved across all
conditions when considering the top-three predictions.

Discussion: Tibot Al-application demonstrated high diagnostic accuracy for conditions with distinct morphological
features such as adnexal, pigmentary disorders, and cutaneous tumors. It showed lower sensitivity for immunological
disorders and infestations, indicating the need for further Al training with more diverse datasets.

Conclusion: Al-based diagnostic accuracy improved significantly when considering the top-three diagnoses,
indicating its value as a differential diagnostic tool. It showed promising accuracy in adnexal, pigmentary disorders,
and cutaneous tumors. However, it is less robust for immunological skin diseases and infections, highlighting the
need for further refinement.

Keywords: Artificial Intelligence, Deep learning, Machine learning, Dermatology, Adnexal disorders, Pigmentary
disorders.
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1. INTRODUCTION

The application of Al in medical image assessment has
significantly enhanced the diagnostic accuracy, reduced
physicians’ workload, and minimized diagnostic errors,
thereby improving disease prediction and detection [1]. Al
systems function intelligently and autonomously, enabling
them to anticipate and address challenges as they arise
[2]. Their strength lies in their ability to analyze vast
multidimensional datasets, extracting patterns that can
support precise clinical decision-making. Additionally, Al
models are dynamic, capable of adapting to new inputs
and continuously refining their performance [3].

Machine learning (ML), a crucial Al subfield, has
transformed healthcare by facilitating disease diagnosis,
drug discovery, and risk assessment. Recent advances in
big data and electronic medical records have further
strengthened ML applications [4]. Neural networks and
fuzzy logic algorithms play a pivotal role in automating

predictive analysis and diagnostic processes [5]

In dermatology, Al is particularly valuable due to the
field’s reliance on morphological and visual pattern
recognition. Al can leverage extensive databases of
clinical, dermatoscopic, and histopathological images to
improve diagnostic accuracy [6, 7]. Al-based tools have
demonstrated efficacy in the early detection of skin
malignancies, inflammatory dermatoses, pigmentary
disorders, and hair abnormalities, thus augmenting
dermatologists' diagnostic capabilities [8].

One such Al tool, Tibot, provides dermatological
assessments by analyzing uploaded images and relevant
clinical data. However, studies evaluating its diagnostic
accuracy compared to dermatologists remain essential [9].
The demand for automated Al-driven diagnosis is
increasing due to variability in dermatological
presentations, unequal access to specialists, and the
necessity for timely and precise diagnosis [10].

2. METHODS

A cross-sectional study was conducted at the
Dermatology, Andrology & STDs Department, Mansoura
University Hospitals, Egypt, from November 2023 to
November 2024 to evaluate the predictability of artificial
intelligence in dermatological diagnosis. The ethical
approval was provided by the Institutional Review Board
of the medical research ethics committee at Mansoura
University, with acceptance code MS:23.12.2668. All
patients provided informed consent to participate.

The study enrolled 400 patients with acne, rosacea,
alopecia, tumors, eczema, immunological skin disorders,
pigmentary disorders, psoriasis, and infections (bacterial,
fungal, viral, and infestations). Exclusion criteria included
prior dermatological treatment or refusal to consent to
image use.

The data collection involved clinical evaluation,
dermoscopy (using a Dermlite DL5), and laboratory or
histopathological assessments when needed. Lesion
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images were captured using an iPhone 15 Pro Max under
controlled lighting. Two dermatologists reviewed
diagnoses before images were uploaded to Tibot Al, which
generated three top probabilistic diagnoses per case. A
summary of the methodology is shown in Fig S1.

The diagnostic performance of Tibot Al-application was
statistically assessed wusing sensitivity, specificity,
predictive values, Receiver Operating Characteristic
(ROC), and Area Under the Curve (AUC). Tibot diagnoses
were compared to dermatologist-confirmed diagnoses to
assess the accuracy of Al

3. RESULTS

This study included 400 patients attending the
Dermatology, Andrology & STDs Department at Mansoura
University Hospitals. The median age was 33 years (range:
0.5 - 79 years), with 56.3% males and 43.8% females. The
majority of participants (42.5%) were between 20 and 40
years old, followed by 26.8% in the 40-60 age group.

The most prevalent category of skin conditions was
cutaneous infections and infestations (26.0%), followed by
inflammatory disorders (25.8%), adnexal disorders
(16.8%), cutaneous tumors (15.3%), pigmentary disorders
(8.3%), and immunological skin disorders (8.0%). Among
cutaneous infections, bacterial infections accounted for
5.5% viral infections 9.3% fungal infections 9.0%, and
2.3% skin infestations

The diagnostic performance of the Al application in
identifying various skin conditions is outlined as follows.
For bacterial infections, sensitivity is 36.4% in the top one
prediction, rising to 72.7% in the top three, with a
specificity of 99.5% and an overall accuracy of 96%. In
viral infections, sensitivity increases from 67.6% in the top
one to 86.5% in the top three, while specificity is 95.3%,
and total accuracy reaches 92.8%. Fungal infections
exhibit a sensitivity of 58.3% in the top one prediction,
improving to 69.4% in the top three, with a specificity of
93.7% and an overall accuracy of 90.5% Table 1.

For skin infestations, sensitivity remains low at 22.2%
for both top one and top three predictions; however,
specificity is high at 99%, with an overall accuracy of
97.3%. In the diagnosis of benign tumors, sensitivity
increases from 79.1% in the top one to 95.3% in the top
three, with a specificity of 95.5% and an overall accuracy
of 93.8%. Malignant (suspicious) tumors demonstrate a
sensitivity of 77.8% in the top one, improving to 88.9% in
the top three, with a specificity of 99.2% and an overall
accuracy of 98.3%.

For pigmentary disorders, sensitivity is 75.8% in the
top one, increasing to 87.9% in the top three, with a
specificity of 99.2% and a total accuracy of 97.3%.
Immunological skin disorders have a sensitivity of 31.3%
in the top one prediction, rising to 56.3% in the top three,
with a specificity of 97% and an overall accuracy of 91.8%.
Sensitivity for psoriasis improves from 69% in the top one
to 84.5% in the top three, with a specificity of 97.1% and
an accuracy of 93.3%.



Artificial Intelligence in Dermatology

Table 1. The sensitivity, specificity, positive predictive value, negative predictive value, and total accuracy of
artificial intelligence software for the diagnosis of various dermatoses in the study group (N=400).

Skin conditions Sensitivity Specificity | PPV | NPV | Accuracy
Top one | Top three

I. Cutaneous infections and infestations 36.4% 72.7% 99.5% 80% |96.4%(96%
m Bacterial infection 67.6% 86.5% 95.3% 59.5%(96.6%(92.8%
m Viral infection 58.3% 69.4% 93.7% 47.7%)95.8%(90.5%
n Fungal infection 22.2% 22.2% 99% 33.3%98.2%(97.3%
m Skin infestations (parasitic and insect bites)

I1. Cutaneous tumors 79.1% 95.3% 95.5% 68% [97.4%|93.8%
n Benign tumor 77.8% 88.9% 99.2% 82.4%|99% [98.3%
m Malignant (suspicious) tumor

III. Pigmentary disorders 75.8% 87.9% 99.2% 89.3%/97.8%|97.3%

IV. Immunological skin disorders 31.3% 56.3% 97% 47.6%|94.2%(91.8%

V. Inflammatory disorders 69% 84.5% 97.1% 80% 194.9%]93.3%
n Psoriasis 62.2% 86.7% 91% 46.7%|95% |87.8%
n Eczema

VI. Adnexal disorders 88.9% 94.4% 97.5% 78% [98.9%(96.8%
m Acne and rosacea 90.3% 96.8% 99.2% 90.3%(99.2%|98.5%
m Alopecia

PPV: positive predictive value. NPV: negative predictive value.

For eczema, sensitivity increases from 62.2% in the top
one to 86.7% in the top three, with a specificity of 91%
and an overall accuracy of 87.8%. Both acne/rosacea and
alopecia exhibit high sensitivity, starting at 88.9% in the
top one and improving to 94.4% in the top three, with
specificity values of 97.5% and overall accuracies of 96.8%
for both conditions (as shown in Tables 1, 2).
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Area Under the Curve (AUC) was the highest for the
Adnexal disorders (0.930.98), followed by benign
cutaneous tumors (AUC: 0.87-0.95) and pigmentary
disorders (AUC: 0.88-0.94), indicating high diagnostic
ability. Values were the lowest for immunological
disorders (AUC = 0.64-0.77) (as shown in Table 2, Fig. 1).
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Fig. (1). ROC curves for artificial intelligence software for the diagnosis of the main categories of skin conditions in the study group.

The application of Artificial Intelligence demonstrated
high sensitivity and positive predictive value (PPV) (Fig. 2)
for adnexal disorders, particularly acne and rosacea
(sensitivity 88.9%, PPV 78%) and alopecia (sensitivity and

PPV both 90.3%), indicating strong diagnostic perfor-
mance. Similarly, AI showed good sensitivity for psoriasis
(69%) and suspicious tumors (77.8%), with high PPVs of
80% and 82.4%, respectively.
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Table 2. Receiver operating characteristic (ROC) for artificial intelligence software for the diagnosis of main

categories of skin conditions in the study group (N=400).

Skin conditions AUC (95% CI) Sensitivity Specificity PPV NPV Accuracy
I. Cutaneous infections and infestations 0.78 (0.72 - 0.83) 66.3% 88.9% 67.6% 88.3% 76.3%
I1. Cutaneous tumors 0.89 (0.83 - 0.94) 82% 95% 74.6% 96.7% 93.8%
III. Pigmentary disorders 0.88 (0.79 - 0.96) 75.8% 99.2% 89.3% 97.8% 97.3%
IV. Immunological skin disorders 0.64 (0.53 -0.76) 31.3% 97% 47.6% 94.2% 91.8%
V. Inflammatory disorders 0.79 (0.74 - 0.85) 70.9% 87.5% 66.4% 89.7% 83.3%
VI. Adnexal disorders 0.93 (0.89 - 0.97) 89.6% 96.4% 83.3% 97.9% 95.3%

PPV: positive predictive value. NPV: negative predictive value.
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Fig. (2). Confusion matrix of actual diagnosis versus artificial intelligence-predicted top diagnosis, along with sensitivity and positive
predictive value for individual skin conditions. Dark blue cells represent true positives.

Conversely, bacterial infections had a low sensitivity of
36.4% but a high PPV of 80%, suggesting that while Al
correctly identifies positive cases, it frequently misses true
infections. Eczema (sensitivity 62.2%, PPV 46.7%) and
fungal infections (sensitivity 58.3%, PPV 47.7%) had
relatively low PPVs, indicating a higher number of false-
positive results. Immunological skin disorders had the
lowest sensitivities (31.3%) and a PPV of 47.6%, reflecting
difficulties in Al-based identification.

Skin infestations had the weakest performance, with a
sensitivity of 22.2% and a PPV of 33.3%, highlighting the
need for algorithm improvements in detecting these
conditions. Pigmentary disorders were well identified
(sensitivity 75.8%, PPV 89.3%), while viral infections
showed moderate performance (sensitivity 67.6%, PPV
59.5%).

4. DISCUSSION

Artificial intelligence is revolutionizing dermatology,
with the Tibot app enhancing diagnostic accuracy,
especially for conditions with distinct morphological
features. Powered by convolutional neural networks
(CNNs), Tibot analyzes skin lesion images, providing
predictions that align closely with clinical evaluations,
making it a valuable tool in dermatological practice [11].

In this study, the median age was 33 years (0.5-79),
with 42.5% aged 20-40 years and 26.8% aged 40-60 years,
showing a slight male predominance (56.3% males, 43.8%
females).

Infections are common at 20-40 years, while scabies
affects all ages [12]. Benign tumors peak at 40-60 years,
melanomas increase with age, especially in men [13, 14].
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Melasma is more frequent in women aged 20-40 years,
while vitiligo can occur at any age [15]. Lupus and
pemphigus are the most common in women 20-60 years
[16]. Psoriasis, eczema, acne, and rosacea peak in early
adulthood, while alopecia and male-pattern baldness
increase with age [17-19]. These trends align with our
study. Overall, our study group's age and male
predominance align with conditions common in adults
aged 20-60 years.

In this current study, cutaneous infections and
infestations constitute the largest group (26.0%), with
viral (9.3%) and fungal infections (9.0%) being the most
common, underscoring the need for public health
initiatives targeting these issues. Inflammatory disorders,
including psoriasis (14.5%) and eczema (11.3%), account
for 25.8%, highlighting the burden of chronic conditions
that require long-term management. Adnexal disorders,
such as acne and rosacea (9.0%) and alopecia (7.8%),
collectively represent 16.8%, reflecting the impact of
hormonal and environmental factors.

Cutaneous tumors are also significant in the present
study, with benign tumors (10.8%) being more prevalent
than suspicious malignant ones (4.5%), emphasizing the
importance of early detection and screening. Additionally,
pigmentary disorders (8.3%) and immunological skin
conditions (8.0%) highlight diverse dermatological
challenges, suggesting a need for specialized care across
all categories.

The Tibot Al app demonstrated strong diagnostic
accuracy, particularly for adnexal disorders like
acne/rosacea and alopecia (AUC: 0.93-0.98). It also
performed excellently in identifying cutaneous tumors
(AUC: 0.87-0.95) and showed high diagnostic reliability
for pigmentary disorders (AUC: 0.88-0.94) and
inflammatory conditions such as psoriasis and eczema
(AUC: 0.77-0.91) (Table 2, Fig. 1).

However, the model performed less reliably for skin
infestations (AUC = 0.61) and immunological disorders
(AUC = 0.64-0.77), possibly due to overlapping clinical
features or limited representation in the training dataset.

Notably, the improved accuracy across all categories
with top-three predictions highlights the app’s potential in
differential diagnosis. For example, bacterial infections
showed a significant increase in AUC from 0.68 (95% CI:
0.54-0.82) (top one) to 0.86 (95% CI: 0.75-0.97) (top
three), demonstrating its ability to capture a broader
diagnostic spectrum with added flexibility.

Overall, the Tibot Al app demonstrated high diagnostic
accuracy for distinct skin conditions, such as adnexal
disorders and cutaneous tumors (AUC > 0.90 for top-one
and top-three predictions), while immunological disorders
and skin infestations had comparatively lower accuracy.

In this study, the AI software demonstrated strong
diagnostic performance, particularly for adnexal disorders
(acne, rosacea, alopecia) and cutaneous tumors.
Sensitivities for top-one and top-three predictions were
88.9% and 90.3% for adnexal disorders and 79.1% and
77.8% for tumors, with high specificities (94.4%-96.8% for
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adnexal disorders and 95.3%-88.9% for tumors).
Pigmentary disorders also showed high accuracy
(97.8%-97.3%). However, lower sensitivity and positive
predictive values for immunological disorders and
cutaneous infections suggest areas for improvement.
Overall, the software demonstrated high accuracy,
reinforcing its potential as a reliable diagnostic tool for
dermatology.

The confusion matrix revealed valuable insights into
the AI model’s performance across different skin
conditions. Adnexal disorders had the highest sensitivity
(89.6%) and a strong positive predictive value (PPV)
(83.3%), highlighting the AI's robust capability in
diagnosing acne and alopecia. Similarly, cutaneous tumors
showed good diagnostic performance, with a sensitivity of
82% and a PPV of 74.6%, demonstrating effectiveness in
detecting both benign and malignant growths.

Pigmentary disorders had a high PPV (89.3%),
indicating accurate identification when predicted by the
Al, though sensitivity was lower at 75.8%. Inflammatory
disorders and cutaneous infections showed moderate
sensitivity (70.9% and 66.3%, respectively) with PPVs of
66.4% and 67.6%, suggesting room for improvement.
Immunological skin disorders had the lowest sensitivity
(31.3%) and PPV (47.6%), highlighting a key limitation.
Overall, while the AI demonstrates strong diagnostic
potential for many skin conditions, further refinement and
additional data are needed to enhance its accuracy,
particularly for less prevalent or complex cases.

A study by Marri et al. assessing Tibot Al’s diagnostic
accuracy reported near-perfect performance for adnexal
disorders, with top-three prediction accuracies of 98.6%
(acne/rosacea) and 100% (alopecia), and top-one
accuracies of 91.7% and 97.7%, respectively [20].
Suspicious tumors also showed strong accuracy (100% for
top-three and 81.8% for top-one predictions). Eczema and
pigmentary disorders had high top-three accuracies (100%
and 98.8%), though their top-one predictions were lower
(75% and 88.5%). Bacterial and fungal infections had top-
three accuracies of 83.3% and 96.5%, but lower top-one
values (b0% and 82.9%). Viral infections and
immunological disorders showed moderate performance,
with top-three accuracies of 94.5% and 95%, and top-one
values of 63% and 75%. Psoriasis and skin infestations had
the lowest top-one accuracies (70.2% and 68.7%), though
their top-three predictions were higher (91.4% and 93.7%)
[20].

Also, Marri et al. reported that Tibot Al demonstrated
varied diagnostic performance across different skin
conditions. The software exhibited strong sensitivity for
eczema (91.66%) and fungal infections (96.85%),
indicating a high detection ability for these conditions.
Alopecia achieved perfect sensitivity (100%) and positive
predictive value (PPV) (100%), reflecting exceptional
diagnostic accuracy. However, viral infections had the
lowest sensitivity, at 26.66%, highlighting potential
limitations in accurately detecting these conditions.
Overall, Tibot showed high sensitivity and PPV for many
common skin disorders, though performance varied for
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more complex or less distinct conditions such as
immunological disorders and viral infections [20].

The results of Marri et al. are broadly consistent with
our findings regarding the conditions with the highest and
lowest prediction accuracies. However, their study
reported higher accuracy values overall [20]. These
discrepancies may be attributed to differences in study
design, sample size, and inherent biases. Our study's
reliance on confirmed clinical diagnoses by three different
dermatologists minimizes the likelihood of
misclassification, thereby enhancing its real-world
applicability. Additionally, the larger sample size in the
study by Marri et al. (on 600 clinical images vs. 400
patients in our study) may have contributed to their
observed higher accuracy values.

In a study by Patil et al., the Al software Tibot
demonstrated varied diagnostic performance across
different skin conditions. It showed particularly strong
sensitivity for eczema (91.66%) and fungal infections
(96.85%), indicating a high ability to detect these
conditions. Alopecia achieved perfect sensitivity (100%)
and a positive predictive value (PPV) of 100%, suggesting
exceptional accuracy in diagnosing this condition. In
contrast, viral infections had the lowest sensitivity at
26.66%, reflecting limitations in detecting these cases
accurately. The PPV was generally high for conditions
such as alopecia (100%), eczema (94.3%), and infestations
(94.44%), indicating that when Tibot predicted a positive
result, it was more likely to be correct. However,
immunological disorders showed a lower PPV of 42.10%,
highlighting challenges in accurately diagnosing these
conditions [9].

Overall, Tibot demonstrated high sensitivity and PPV
for many common and distinct skin conditions, though
there was variability in performance for more complex or
less distinct diagnoses, such as immunological disorders
and viral infections [9]. Notably, the study of Patil et al.
was sponsored and supported by Polyfins Technology Inc.,
the company developing Tibot, introducing a potential
conflict of interest bias that may have influenced the
reported outcomes [9].

A recent study evaluating the diagnostic sensitivity of a
machine learning model in dermatology on 100 cases
found that its top-1 accuracy (39%) was lower than that of
general practitioners (64%) and dermatologists (72%). The
model performed best in detecting benign lesions (with
96% sensitivity in Top-5), malignant tumors (83.5%), and
infectious diseases (75%). Unlike our study, this research
focused on comparing the accuracy of Al to that of human
diagnosis [21].

A recent study used a machine learning (ML) model to
analyze images from 100 clinical cases in order to
evaluate its sensitivity in diagnosing various
dermatological conditions. The performance of the ML
model was compared to that of general practitioners and
dermatologists in terms of diagnostic accuracy and found
that the top-1 accuracy of the ML model (39%) was lower
than that of GPs (64%) and dermatologists (72%).

Diagnostic sensitivity of benign lesions was the highest at
96% as the Top-5 predictable diagnoses, followed by
83.5% sensitivity in detecting malignant skin tumors. For
infectious diseases, the model's sensitivity in the Top-5
was 75% [21]. Unlike our study, this research focused on
comparing the accuracy of Al to that of human diagnosis.

Convolutional neural networks-based Al models show
strong potential in dermatological diagnostics. Wu et al.
reported high accuracy for eczema (92.57%) and psoriasis
(89.46%), outperforming Tibot, which had lower top-1
sensitivities (62.2% and 69%, respectively) [22]. Fujisawa
et al., achieved 76.5% accuracy in classifying benign and
malignant tumors, while Tibot excelled in malignant tumor
prediction (with 98.3% accuracy, and 77.8% sensitivity)
[23].

5. LIMITATIONS

e The study was conducted in a single tertiary care center,
limiting the demographic and geographic diversity of the
sample.

e Certain underrepresented conditions, particularly
immunological and infectious dermatoses, showed
reduced diagnostic sensitivity, which might be due to
insufficient training datasets.

o The cross-sectional design did not allow assessment of
how Al performs over time or adapts to clinical changes
during disease progression or treatment.

SUGGESTIONS FOR FUTURE RESEARCH

e Multicenter studies should be conducted, involving
ethnically and geographically diverse populations to
enhance generalizability.

e Longitudinal designs need to be implemented to evaluate
the consistency of Al diagnostics over time and across
treatment stages.

e (Clinical metadata and Al training must be integrated to
enhance the diagnostic accuracy for immunological
disorders and skin infestation cases.

e More pediatric and elderly populations should be
recruited to test the Al's performance across a wider age
spectrum.

CONCLUSION

The Tibot Al application demonstrated high accuracy
in diagnosing adnexal disorders and cutaneous tumors and
pigmentary disorders, but performed less reliably in case
of immunological disorders and skin infestations. Its
sensitivity improved with top-three predictions,
highlighting its potential as a diagnostic aid rather than a
standalone tool. Enhancing AI training with diverse
datasets could improve performance, especially for
conditions with overlapping features. Integrating Al with
clinical expertise is essential for optimizing dermatological
diagnostics and patient care.
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