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Abstract Artificial intelligence (AI) is increasingly being explored as a tool for medical diag-
nosis, particularly in fields with limited specialized training, such as oral medicine. This study
evaluates the performance of DeepSeek-R1, an open-source large language model (LLM), in
diagnosing oral diseases and conditions using text-based case descriptions from the New En-
gland Journal of Medicine’s “Image Challenge.” Results indicate that DeepSeek-R1 achieved
a diagnostic accuracy of 91.6 %, slightly outperforming ChatGPT-4o (88.9 %) and significantly
exceeding the 47.8 % accuracy of the journal’ readers. While DeepSeek lacks direct image
interpretation capabilities, it demonstrates high proficiency in textual diagnostic tasks. These
findings suggest that DeepSeek-R1 could be a valuable aid for medical professionals in diag-
nosing oral diseases.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Medical diagnosis is a challenge for which artificial intelli-
gence (AI) can serve as a powerful supportive tool, even for
diagnosing clinically complex cases.1 The capacity of large
language models (LLMs) to process and generate human-
like text in medical and healthcare-related tasks has
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been, and continues to be, the subject of investigation by
medical professionals and healthcare researchers.2

While ChatGPT 3.5 was the first LLM available to the
public, other advanced models have since been developed,
such as Claude, Gemini (Google), Copilot (Microsoft),
Claude (Anthropc), Mistral (Mistral AI), Llama (Meta) and,
more recently, DeepSeek (Deepsek). The Chinese-
developed LLM, DeepSeek-R1, is generating significant in-
terest among researchers as a cost-effective and open-
source alternative to advanced reasoning models like
OpenAI’s. Due to its strong performance and affordability,
DeepSeek-R1 is expected to encourage a broader adoption
of LLMs among researchers, enabling their integration into
daily scientific workflows without cost-related constraints.3

DeepSeek has gained recognition for developing a series of
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ambitious and highly efficient LLMs that, while similar to
OpenAI’s ChatGPT, exhibit comparatively lower processing
power. Unlike ChatGPT and most of its Western counter-
parts, DeepSeek’s LLMs are open-source, allowing users to
access, modify, and customize the source code to enhance
functionality and adaptability.4

Physicians recognize their limited training in oral health
and their difficulties in recognizing oral diseases.5 This
situation can be particularly relevant when it comes to
identifying oral manifestations of systemic diseases and
preventing diagnostic delays in oral cancer.6 As a result,
LLMs could be applied in a medical field with great training
deficits as oral medicine. In a previous study, we have
demonstrated that ChatGPT-4V can be useful for facili-
tating the diagnosis of oral diseases and conditions from the
image challenges published in the New England Journal of
Medicine.7The aim of this study was to assess the perfor-
mance of the new DeepSeek for the diagnosis of oral dis-
eases and conditions.
Materials and methods

Using the same methodology of the previously cited work,7

we re-evaluated the “Image Challenges” corresponding to
oral diseases and conditions published in the New England
Journal of Medicine (NEJM) (https://www.nejm.org/image-
challenge). As DeepSeek currently lacks the capability to
Table 1 Comparison of diagnostic accuracy among NEJM reade
challenge cases involving oral diseases and conditions.

Case identification/Correct answer NEJM rea
% correc
(Total re

March 09, 2023/Malignant acanthosis nigricans 54% (445
February 02, 2023/Odontogenic cutaneous fistula 83% (332
November 17, 2022/Pyogenic granuloma 37% (692
May 19, 2022/Keratoderma blenorrhagicum 58% (501
January 06, 2022/Vitamin B12 deficiency 57% (607
December 30, 2021/Leukemic infiltration of the

gingiva

57% (101

December 09, 2021/Giant-cell arteritis 47% (729
November 18, 2021/Pyostomatitis vegetans 43% (876
November 11, 2021/Gingival melanoma 56% (711
June 24, 2021/Thromboembolism 39% (126
May 13, 2021/Leukoplakia 66% (598
March 18, 2021/Streptococcal pharyngitis 51% (979
August 16, 2020/Metastasis of colorectal cancer 42% (910
July 23, 2020/Extranodal natural killer T-cell

lymphoma

36% (143

June 25, 2020
Cytomegalovirus infection

40% (937

June 18, 2020
Uremic stomatitis

34% (137

June 11, 2020
Tissue plasminogen activator (tPA)-associated

angioedema

47% (892

December 19, 2019
Hereditary hemorrhagic telangiectasia

41% (105
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directly analyze or interpret images, the performance of
both LLMs, ChatGPT-4o- (OpenAI, San Francisco, CA, USA)
and DeepSeek-R1 (DeepSeek Inc., Hangzhou, China), was
evaluated using only written information with each case
being presented with a written description and a multiple-
choice question offering five possible diagnoses as pro-
posed by the journal. The percentage of correct responses
was then compared to those provided by the journal’s
readers, recording both the number and distribution of votes
for each case.

Of the 52 cases initially reviewed, 36 were selected
based on the inclusion of an image accompanied by
explanatory text. Each selected case comprised a brief
clinical description, relevant images, five diagnostic op-
tions, and the question: “What is the diagnosis?” To mini-
mize the risk of memorization, each query was conducted
in a new session.
Results

Of the 36 cases ultimately selected, ChatGPT-4o and
DeepSeek-R1 achieved correct diagnoses in 88.9 % and
91.6 % of the cases, respectively. In comparison, the jour-
nal’s regular readers (averaging 97,944 participants per
case; range, 33,280 to 176,981 readers) had an average
accuracy rate of 47.8 %, with correct responses ranging
from 34 % to 83 % per case (Table 1).
rs, ChatGPT-4o, and DeepSeek-R1 in 36 selected NEJM image

ders
t answers/
sponses)

ChatGPT 4o
textCorrect/
Incorrect

DeepSeek text
Correct/Incorrect

48) Correct Correct
80) Correct Correct
16) Correct Correct
78) Correct Correct
91) Correct Correct
058) Correct Correct

29) Correct Correct
98) Correct Correct
15) Correct Correct
692) Incorrect Incorrect
17) Correct Correct
05) Correct Correct
79) Correct Correct
612) Correct Correct

63) Correct Correct

667) Incorrect Incorrect

15) Correct Correct

242) Correct Correct

(continued on next page)
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Table 1 (continued )

Case identification/Correct answer NEJM readers
% correct answers/
(Total responses)

ChatGPT 4o
textCorrect/
Incorrect

DeepSeek text
Correct/Incorrect

October 19, 2019
Pernicious anemia

57% (83275) Correct Correct

July 18, 2019
Tonsillar cancer

46% (89696) Correct Correct

July 11, 2019
Multiple endocrine neoplasia type 2B (MEN 2B).

34% (137752) Correct Correct

July 4, 2019
Ludwig’s angina

54% (79586) Correct Correct

May 30, 2019
Disseminated coccidioidomycosis

49% (81373) Correct Correct

February 28, 2019
Group A streptococcus

43% (142708) Correct Correct

February 21, 2019
Spindle-cell sarcoma

52% (114708) Correct Correct

January 24, 2019
PeutzeJeghers syndrome

60% (77356) Correct Correct

November 1, 2018
Lead poisoning

53% (116835) Correct Correct

September 20, 2018
Mycoplasma pneumoniae-associated mucositis

38% (176981) Correct Correct

October 5, 2017
Cowden syndrome

46% (116480) Correct Correct

July 21, 2016
Varicella-zoster virus

76 % (102283) Correct Correct

May 12, 2016
Langerhans’-cell histiocytosis

45% (93268) Incorrect Correct

February 11, 2016
Geographic tongue

54% (97514) Correct Correct

January 21, 2016
Treponema pallidum infection

58% (85606) Correct Correct

January 1, 2015
Exanthematous pustulosis

40% (121117) Incorrect Incorrect

July 24, 2014 e

Amyotrophic lateral sclerosis

41% (98333) Correct Correct

June 26, 2014-Zinc 39% (88153) Correct Correct
TOTAL (36 cases) Correct 47.8%

(range: 34e83%);

mean: 97.944

(range: 32,280

e176,981)

Correct (32/36;

88.9%)

Correct (33/36;

91.6%)
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Discussion

In this study, ChatGPT-4o and DeepSeek-R1demonstrated
high diagnostic accuracy.

Currently, DeepSeek is unable to directly analyze or
interpret images. However, it may provide relevant infor-
mation if users describe visual characteristics of a condition,
such as its appearance, location, color, associated symp-
toms, and duration, in textual form (DeepSeek, 2025.
https://www.deepseek.com). Although ChatGPT-4o offers
this capability, a previous study found that adding images to
case descriptions did not improve its diagnostic accuracy.7

Image-based diagnosis alone showed limited sensitivity
(and specificity for detecting oral cancer; however,
1906
diagnostic accuracy improved significantly when clinical
history was included in the prompt.8 Pradhan9 evaluated the
diagnostic accuracy of ChatGPT 3.5, 4.0, 4o, and Gemini in
identifying oral potentiallymalignant lesions using both text-
based case reports and image recognition. Based on 42 case
reports and publicly available images, it was found that GPT-
4o achieved the highest accuracy (65 %), followed byGPT-4.0
(47 %), GPT-3.5 (42 %), and Gemini (35 %). Moreover, for
image-based diagnosis, GPT-4o correctly identified 66 % of
cases, outperforming Gemini (45 %).9 ChatGPT-4 has also
been evaluated as a diagnostic tool by testing its perfor-
mance on 50 complex cases from the Journal of the American
Dental Association’s Diagnostic Challenge section
(2017e2024); using the text-based interpretations alone,

https://www.deepseek.com
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ChatGPT-4 achieved a 62 % accuracy rate; however, when
provided with five possible differential diagnoses from the
literature, its accuracy rate improved to 80 %.10

The potential benefits and limitations of ChatGPT are
currently under scientific investigation, with no established
consensus on its various applications. Our data indicate that
the current image recognition capabilities of LLMs are
insufficient for interpreting images in specialized medical
fields. Another potential application could be to develop
and support differential diagnosis, saving time and reducing
the need for additional diagnostic tests.10

Considering the inherent limitations of this pilot study-
dsuch as the sample size, the provision of possible answers,
and the absence of a well-defined comparator group, given
the diverse expertise within the journal’s readershipdit
appears that DeepSeek is a promising AI tool for facilitating
the diagnosis of oral diseases and conditions. It demon-
strates diagnostic proficiency that surpasses that of the
medical community, with significant potential for improve-
ment upon incorporating image interpretation capabilities.
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