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Artificial Intelligence–Based Topic Modeling of Cadaveric 
Anatomy Literature: A 25-Year BERTopic Analysis (2000–2024)

Kadavra Anatomisi Literatürünün Yapay Zeka Tabanlı Konu Modellemesi: 
25 Yıllık BERTopic Analizi (2000–2024)

Aim: This study aimed to identify research topics in the cadaveric 
anatomy literature between 2000 and 2024, reveal semantic 
relationships between these topics, and analyze temporal trends.

Material and Method: A systematic search of the Scopus database 
yielded 2,465 articles published between 2000 and 2024; after 
preprocessing, 2,455 were included. The Bidirectional Encoder 
Representations from Transformers Topic Modeling algorithm 
— integrating Sentence-BERT, Uniform Manifold Approximation 
and Projection, and Hierarchical Density-Based Spatial Clustering 
of Applications with Noise — was applied to article titles and 
abstracts. Topic coherence was assessed using the C_v score, and 
temporal trends were evaluated with the Mann-Kendall trend test.

Results: A total of 62 topics were identified (mean C_v=0.664). 
Of all articles, 29.8% were classified as outliers. Eighteen topics 
showed a statistically significant increasing trend; no topic showed 
a decrease. The strongest increase was observed in sciatic nerve 
and related clinical anatomy topics. Education, endoscopic surgery, 
and vascular anatomy emerged as prominent thematic areas. 
The United States accounted for the largest share of publications 
(34.4%), with contributions from 60 countries overall.

Conclusion: To our knowledge, this is the first transformer-based 
topic modeling study to map the cadaveric anatomy literature. 
The findings demonstrate significant growth in education-focused 
research alongside sustained expansion across surgical and clinical 
anatomy topics, confirming that cadaver studies maintain their 
central role in modern medical training and research.

Keywords: Cadaver, dissection, anatomy, natural language 
processing, bibliometrics

ÖzAbstract

Arif KESKİN¹, Tayfun AYGÜN¹, Özgür PALANCI2

Amaç: Bu çalışma, 2000–2024 yılları arasındaki kadavra anatomisi 
literatüründeki araştırma konularını belirlemek, bu konular arasındaki 
semantik ilişkileri ortaya koymak ve zamansal eğilimleri analiz etmeyi 
amaçlamaktadır.

Gereç ve Yöntem: Scopus veri tabanında gerçekleştirilen sistematik 
tarama sonucunda 2000–2024 yılları arasında yayınlanan 2.465 
makale elde edilmiş; ön işleme sonrasında 2.455 makale analize 
dahil edilmiştir. Cümle düzeyinde anlamsal gömme modeli, Tekdüze 
Manifold Yaklaşımı ve Projeksiyon algoritması ile Hiyerarşik Yoğunluk 
Tabanlı Gürültülü Uygulamalar için Uzamsal Kümeleme algoritması 
bileşenlerini entegre eden Transformer Tabanlı Konu Modellemesi 
algoritması makale başlık ve özetlerine uygulanmıştır. Konu tutarlılığı 
C_v skoru ile değerlendirilmiş, zamansal eğilimler Mann-Kendall trend 
testi ile analiz edilmiştir.

Bulgular: Toplam 62 konu belirlenmiştir (ortalama C_v=0,664). 
Makalelerin %29,8'i aykırı değer olarak sınıflandırılmıştır. On sekiz 
konu istatistiksel olarak anlamlı artış eğilimi gösterirken hiçbir konuda 
azalma gözlemlenmemiştir. En güçlü artış siyatik sinir ve ilgili klinik 
anatomi konularında saptanmıştır. Eğitim, endoskopik cerrahi ve 
vasküler anatomi öne çıkan tematik alanlar olarak belirlenmiştir. 
Yayınların en büyük payı Amerika Birleşik Devletleri'ne ait olup (%34,4), 
toplamda 60 farklı ülkeden katkı sağlanmıştır.

Sonuç: Bilgimiz dahilinde bu çalışma, kadaverik anatomi literatürünü 
haritalayan ilk transformer tabanlı konu modelleme çalışmasıdır. 
Bulgular, eğitim odaklı araştırmalardaki belirgin büyümenin yanı 
sıra cerrahi ve klinik anatomi konularındaki süregelen genişlemeyi 
ortaya koymakta; kadaver çalışmalarının modern tıp eğitimi ve 
araştırmalarındaki merkezi rolünü korumaya devam ettiğini teyit 
etmektedir.

Anahtar Kelimeler: Kadavra, diseksiyon, anatomi, doğal dil işleme, 
bibliyometri
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INTRODUCTION
Cadaver dissection has been used to teach human anatomy 
for centuries and remains a cornerstone of medical education. 
Direct work with human tissue gives students something 
that no image or model fully replaces: a tangible sense of 
three-dimensional structure, individual anatomical variation, 
and the kind of spatial reasoning that underpins clinical 
competence.[1] When some institutions removed dissection 
from their curricula, many were compelled to reintroduce 
it within a short time — a pattern that itself speaks to what 
cadaver work provides that other formats do not.[2] 
With the steady growth of cadaveric anatomy publications, 
efforts to map this literature have become more common. 
Existing bibliometric studies have relied on keyword 
co-occurrence, citation networks, and subject heading 
classification.[3,4] These approaches are useful for tracking 
output and identifying frequently cited work, but they 
operate within predefined categories and cannot reach the 
semantic content of the texts themselves. Themes that arise 
organically from the writing — clusters of meaning that cross 
traditional specialty boundaries — tend to remain invisible.
Natural language processing has changed what is possible 
in large-scale literature analysis. Transformer-based topic 
modeling, in particular, can extract latent thematic structures 
from scientific abstracts without requiring predetermined 
categories.[5] Bidirectional Encoder Representations from 
Transformers Topic Modeling (BERTopic), developed by 
Grootendorst,[6] takes this approach by combining the Sentence-
BERT architecture for semantic embedding,[7] the Uniform 
Manifold Approximation and Projection (UMAP) algorithm for 
dimensionality reduction,[8] and Hierarchical Density-Based 
Spatial Clustering of Applications with Noise (HDBSCAN) for 
clustering.[9,10] Compared to traditional probabilistic methods 
such as Latent Dirichlet Allocation, BERTopic produces 
semantically richer and more coherent topic representations.
To our knowledge, no study has applied transformer-based 
topic modeling to the cadaveric anatomy literature as a 
whole. This study aimed to identify the main research topics 
in this literature between 2000 and 2024, examine how they 
have changed over time, and characterize the thematic areas 
— particularly in education and surgical anatomy — that 
have driven growth in the field. By applying BERTopic to 2,455 
articles from the Scopus database, we sought to provide a 
reproducible, data-driven framework for mapping scientific 
knowledge in the anatomical sciences.

MATERIAL AND METHOD
Ethical Approval
This study was conducted through the analysis of publicly 
available data obtained from the Scopus database. Since the 
study did not involve human participants, personal data, or 
biological material, ethical approval from an institutional 
review board was not required.

Data Source and Search Strategy
The literature search was conducted using the Scopus 
database. The search query combined cadaveric dissection-
related terms — including "cadaveric dissection," "cadaver 
dissection," "gross anatomy dissection," "human dissection," 
"anatomical dissection," and "prosection" — with the term 
"anatomy" in the title, abstract, and keyword fields. The search 
was restricted to original articles and reviews published in 
English between 2000 and 2024, excluding veterinary science. 
The search was performed on April 17, 2026, yielding an initial 
dataset of 2,465 articles. Retrieved records included author 
names, titles, publication years, journal names, abstracts, 
institutional affiliations, and keywords.[11] 

Data Preprocessing
All articles included in the analysis had abstracts. Standard 
text preprocessing was applied: texts were converted to 
lowercase, copyright statements, numbers, and punctuation 
were removed, and excess whitespace was eliminated. Field-
specific general terms (e.g., “study,” “result,” “method,” “patient,” 
“conclusion”) were excluded. All words were reduced to their 
root form using the WordNet lemmatizer. After preprocessing, 
2,455 articles were retained for analysis.

BERTopic Analysis
Topic modeling was performed using the BERTopic 
algorithm,[6] a transformer-based approach that integrates 
semantic embedding, dimensionality reduction, and density-
based clustering.
Embedding Model: Abstracts were converted into 
384-dimensional semantic vectors using the all-MiniLM-L6-v2 
model from the Sentence Transformers library,[7]  selected for 
its speed-performance balance in biomedical text analysis.
Dimensionality Reduction (UMAP): High-dimensional 
vectors were reduced using UMAP[8] with parameters: 
n_neighbors=15, n_components=5, min_dist=0.0, 
metric=cosine, random_state=42.
Clustering (HDBSCAN): Topic clusters were identified using 
HDBSCAN[9,10] with parameters: min_cluster_size=10, min_
samples=5, metric=euclidean, cluster_selection_method=eom, 
prediction_data=True.
Representation (c-TF-IDF): Topic keywords were calculated 
using class-based TF-IDF (c-TF-IDF)[6] with ngram_range = (1,2) 
and top_n_words=10. The number of topics was determined 
automatically (nr_topics=None).

Topic Coherence Analysis
Model quality was evaluated using the C_v coherence score, 
calculated via the Gensim library.[12] This metric quantifies the 
semantic consistency of topic word sets based on their co-
occurrence frequency in the corpus. Scores above 0.50 are 
considered acceptable and scores above 0.60 are considered 
good in the literature.[13] Calculations used word-based 
tokenization, Gensim Dictionary filtering (no_below=2, no_
above=0.95), and the top 10 keywords per topic.
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Stability Analysis
To assess reproducibility, the BERTopic model was rerun using 
five different random state values (42, 0, 7, 21, 99), recording 
the number of topics, outlier ratio, and C_v coherence score 
for each run.

Topic Change Over Time
Temporal changes in topic frequency were examined using 
the BERTopic topics_over_time function with 25 time bins 
(nr_bins=25), with evolution_tuning=True and global_
tuning=True parameters active.[6] The Mann-Kendall trend test 
was applied to each topic’s time series to identify statistically 
significant trends,[14,15] implemented via the pyMannKendall 
package.[16] Statistical significance was set at p<0.05.

Statistical Analysis and Software
All analyses were performed using Python (version 3.13; 
Anaconda distribution). Topic modeling was conducted with 
the BERTopic library (version 0.16),[6] semantic embeddings 
were generated using the sentence-transformers library,[7]  
dimensionality reduction was performed with umap-learn,[8] 
and clustering was carried out with the hdbscan library.[9] 
Topic coherence was calculated using the Gensim library 
(version 4.3.3).[12] Temporal trend analysis was conducted 
using the non-parametric Mann-Kendall trend test.[14,15] 
implemented via the pyMannKendall package (version 1.4.3).
[16] Statistical significance was defined as p<0.05 (two-tailed). 
Kendall’s Tau coefficient was used as the effect size measure 

for trend magnitude. Visualizations were generated with the 
matplotlib and seaborn libraries and saved in PNG format 
at 300 DPI resolution. Citation analysis was excluded as the 
study focused on thematic mapping and temporal trends. 
The Claude large language model (Anthropic, Claude Sonnet 
4, 2025) was used in the development and debugging of 
analysis codes.[17] 

RESULTS
A total of 2,465 articles published in the field of cadaveric 
anatomy between 2000 and 2024 were retrieved from the 
Scopus database. The annual publication count increased 
from 26 articles in 2000 to a peak of 201 articles in 2022, 
reflecting a sustained growth trend over the study period. 
A transient decline was observed in 2020–2021, consistent 
with disruption of cadaver laboratory activities during the 
COVID-19 pandemic. After preprocessing, 2,455 articles were 
included in the BERTopic analysis.

The BERTopic model identified a total of 62 topics. Of all 
articles, 731 (29.8%) were classified as outliers (topic -1) and 
could not be assigned to any topic cluster. The most frequently 
occurring topic was T0 (n=106), and the least frequent topics 
were T60 and T61 (n=10 each). The distribution of the top 20 
topics is presented in Figure 1, and the keywords, document 
counts, Mann-Kendall trend results, and coherence scores of 
the top 24 topics are summarized in Table 1.

Figure 1: Distribution of the top 20 topics identified by BERTopic analysis according to document frequency. Topics are ranked in descending order by the 
number of articles assigned to each cluster. Raw dataset before preprocessing (n=2,465); 2,455 articles were included in the final analysis. 
BERTopic: Bidirectional Encoder Representations from Transformers Topic Modeling; n: number of articles.
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The average C_v coherence score across all 62 topics was 
0.664 (SD=0.138; range: 0.363–0.914), exceeding both the 
acceptable (>0.50) and good (>0.60) thresholds reported 
in the literature.13 The highest coherence was observed in 
T10 (student, score, learning; C_v=0.914), reflecting strong 
semantic consistency among education-related terms. The 
lowest coherence was found in T18 (fascia, rectum, rectal; C_
v=0.363), likely attributable to the multi-contextual use of this 
anatomical region across colorectal surgery, pelvic anatomy, 
and laparoscopic dissection literature.
To assess model reproducibility, the BERTopic model was 
rerun with five different random state values (42, 0, 7, 21, 
99). The number of topics ranged from 57 to 62 (mean=59.2, 
SD=1.92), and C_v coherence scores ranged from 0.664 
to 0.690 (mean=0.674, SD=0.011), indicating stable and 
consistent results across different initial conditions.
When the Mann-Kendall trend test was applied to all 62 topics, 
18 topics showed a statistically significant increasing trend 
(p<0.05). No topic demonstrated a decreasing trend. The 
strongest increase was observed in T57 (sciatic nerve, sciatic, 
piriformis; Tau=0.733, p=0.040), followed by T10 (student, score, 
learning; Tau=0.657, p=0.001) and T0 (approach, endoscopic, 
skull base; Tau=0.649, p<0.001). Topics with statistically 
significant increasing trends are presented in Table 2.
The cadaveric anatomy literature represented 
contributions from 60 countries. The United States 
accounted for the largest share of publications (n=867, 

34.4%), followed by the United Kingdom (n=277, 11.0%) 
and India (n=162, 6.4%). Türkiye ranked tenth with 91 
publications (3.6%).

Table 2. Topics Showing Statistically Significant Increasing Trends 
(Mann-Kendall, p<0.05)

Topic Keywords Kendall Tau p

T57 Sciatic nerve, sciatic, piriformis 0.7333 0.040

T10 Student, score, learning 0.6571 0.001

T0 Approach, endoscopic, skull 0.6494 <0.001

T5 Vein, artery, cerebral 0.5579 <0.001

T28 Nerve, ulnar, ulnar nerve 0.5128 0.008

T4 Glenoid, shoulder, humerus 0.4967 0.003

T3 Knee, ligament, joint 0.4935 0.001

T22 Teaching, dissection, anatomy 0.4744 0.016

T8 Donation, body, body donation 0.4706 0.006

T20 Model, image, dimensional 0.4571 0.009

T14 Course, resident, training 0.4510 0.006

T13 Tendon, extensor, insertion 0.4505 0.018

T16 Student, learning, teaching 0.4286 0.020

T7 Hepatic, liver, mesenteric 0.4152 0.011

T2 Facial, fat, eyelid 0.4130 0.004

T1 Century, human, body 0.4095 0.009

T15 Artery, branch, femoral 0.3987 0.011

T38 Perineal, urethra, anal 0.3333 0.035
*p<0.05. T: topic; Tau: Kendall's Tau coefficient; p: p-value. Topics are listed in descending order of 
Kendall Tau values.

Table 1. Topics Identified by BERTopic Analysis (Top 24 Topics, n=2,455)
Topic n Keywords (Top 5) MK Trend C_v

T0 106 approach, endoscopic, skull, skull base, cavernous Increasing* 0.6494
T1 98 century, human, body, human dissection, ancient Increasing* 0.6599
T2 90 facial, fat, eyelid, facial nerve, muscle Increasing* 0.7249
T3 69 knee, ligament, joint, acl, medial Increasing* 0.7892
T4 63 glenoid, shoulder, humerus, humeral, pin Increasing* 0.7457
T5 61 vein, artery, cerebral, venous, vascular Increasing* 0.6637
T6 59 flap, perforator, perforators, pedicle, artery No trend 0.8099
T7 57 hepatic, liver, mesenteric, artery, duct Increasing* 0.6597
T8 52 donation, body, body donation, donor, medical Increasing* 0.7539
T9 49 lumbar, block, spread, injection, dye No trend 0.7437

T10 46 student, score, learning, prosection, dissection Increasing* 0.9135
T11 40 fiber, tract, white matter, frontal, fasciculus No trend 0.8136
T12 36 nerve, brachii, variation, musculocutaneous, biceps No trend 0.7810
T13 36 tendon, extensor, insertion, type, achilles Increasing* 0.7486
T14 34 course, resident, training, surgical, trainee Increasing* 0.7389
T15 30 artery, branch, femoral, arterial, nutrient Increasing* 0.6716
T16 30 student, learning, teaching, anatomy, lecture Increasing* 0.8482
T17 29 muscle, compartment, flexor, longus, digiti minimi No trend 0.6567
T18 29 fascia, rectum, rectal, excision, laparoscopic No trend 0.6277
T19 27 anatomy, curriculum, student, medical, course No trend 0.6611
T20 26 model, image, dimensional, virtual, photogrammetry Increasing* 0.6987
T21 26 renal, kidney, vein, left, vena No trend 0.6894
T22 25 teaching, dissection, anatomy, human, education Increasing* 0.6748
T57 11 sciatic nerve, sciatic, piriformis, nerve, gluteal Increasing* 0.7654

*p<0.05. T: topic; n: number of articles; MK: Mann-Kendall trend test; C_v: coherence score. T57 is included due to its highest Kendall Tau value.
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DISCUSSION
This study mapped the thematic structure and temporal 
evolution of the cadaveric anatomy literature between 2000 
and 2024 using BERTopic, and to our knowledge it is the 
first transformer-based topic modeling analysis of this field. 
The data show that cadaveric anatomy research has grown 
considerably in both volume and breadth, spanning areas 
from endoscopic skull base surgery to anatomy education 
science. At its core, the picture that emerges is of a field that 
has moved well beyond its traditional role as a teaching tool 
and now operates as a sustained area of scientific inquiry in 
its own right.
The overall rise in publication numbers, broken only by a brief 
dip in 2020–2021 during the COVID-19 pandemic, shows 
that cadaver-based research has held its ground despite the 
availability of digital and virtual alternatives. The recovery after 
the pandemic was rapid, which is not surprising given how 
deeply cadaver work is embedded in both surgical training 
and anatomical research practice. The acceleration from the 
mid-2010s onward likely reflects the growing demand for 
detailed anatomical knowledge driven by the expansion of 
minimally invasive and endoscopic techniques.[18] 
The 62 topics generated through unsupervised clustering 
show that cadaveric anatomy does not belong to a single 
specialty. Surgical, educational, and clinical anatomy all 
appear as distinct thematic areas — and this diversity is 
precisely what keyword-based bibliometric methods tend 
to miss, since they depend on terms that investigators 
themselves choose rather than the patterns latent in the 
texts.[5] The dominance of endoscopic skull base surgery 
as the largest cluster is consistent with the rapid technical 
development in this field.[18] What is perhaps less expected 
is the high ranking of topics related to the historical and 
ethical dimensions of anatomy, which suggests that 
the field’s scholarly conversation extends well beyond 
technique and into questions of origins and professional 
responsibility.
Facial anatomy, knee, and shoulder joint structures 
each formed discrete clusters, pointing to the heavy use 
of cadaver studies in plastic surgery and orthopedics.
[19] Cerebrovascular anatomy and perforator flap topics 
emerged as separate clusters as well, confirming the 
continued importance of cadaver models for neurovascular 
surgical training. The outlier rate of around 30% is in line 
with what has been reported in BERTopic analyses of 
similarly sized and multidisciplinary biomedical datasets.[20] 
It reflects the reality that cadaveric anatomy encompasses 
everything from prosection techniques to ethics to 
radiological anatomy — and that many individual studies, 
particularly case reports or descriptions of rare variations, 
simply do not generate enough shared vocabulary to form 
a coherent cluster.
The absence of any declining topic was not entirely expected. 
One might assume that the rise of digital anatomy tools 

would have displaced at least some traditional cadaver 
research areas. The data do not support that assumption.[2] If 
anything, the evidence points in the opposite direction: every 
thematic cluster either held steady or grew. The strongest 
upward trend was in T57, covering sciatic nerve and piriformis 
anatomy. The sciatic nerve is the largest peripheral nerve in 
the body, which may partly explain why it attracts consistent 
research attention — but the specific acceleration in this 
topic likely also reflects growing clinical interest in piriformis 
syndrome and the widespread adoption of ultrasound-
guided regional anesthesia, both of which depend on precise 
anatomical knowledge of this region.[21] 
The growth across all education-oriented topic clusters — 
student performance, prosection-based learning, residency 
training, pedagogical methods — is, in our view, one of the 
more meaningful findings of the study. Anatomy education 
has seen a broader surge in research activity in recent years, 
and the cadaver-specific literature appears to be growing 
in parallel with this trend.[22] What has changed is not just 
the volume of educational studies but their methodological 
character: there are now more studies with control group 
designs and quantitative outcome measures, rather than 
purely descriptive reports. The growth in body donation 
research as a separate and expanding cluster adds another 
dimension to this picture — ethical and logistical questions 
around donor programs are increasingly attracting academic 
attention, particularly in settings where cadaver availability is 
a genuine constraint.[23] 
The United States, United Kingdom, and India account for 
the top three positions in publication output. India’s third-
place ranking, ahead of several major European countries, 
reflects the prominent place of cadaver dissection in medical 
education in that context.[24] Türkiye’s presence in the top ten 
is consistent with a broader increase in Turkish biomedical 
publication output in recent years and suggests that anatomy 
departments in Türkiye are actively contributing to the 
international literature — though a more detailed country-
level analysis would be needed to say more.
This study has several limitations. Restricting data to only the 
Scopus database and excluding PubMed, Web of Science, 
and EMBASE may have resulted in the omission of some 
publications. Conducting the study solely within the Scopus 
database may lead to indexing bias. Furthermore, the 
analysis relied on titles and abstracts rather than full texts, 
which may have overlooked some thematic content found 
in full texts. Limiting to English-language articles likely 
underrepresents contributions from Asia and Latin America. 
The stochastic nature of UMAP means that the number and 
content of topics can vary with different preprocessing 
strategies or embedding models, but our stability analysis 
confirmed consistent results in five randomized cases.[6] 
Finally, citation analysis was not included; combining topic-
based mapping with citation impact data could provide 
a more comprehensive picture of which thematic clusters 
carry the most scientific weight. 
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CONCLUSION
This study presents the first transformer-based topic 
modeling analysis of the cadaveric anatomy literature, 
mapping 62 research topics from 2,455 articles published 
between 2000 and 2024. The results show a field that has 
grown considerably and diversified across surgical anatomy, 
medical education, cadaver donation, and technology-
integrated practice.
No topic showed a declining trend. The significant growth 
in education-focused clusters, read alongside the broader 
rise in anatomy education research, suggests that cadaver 
dissection has become not only a teaching method but an 
active subject of scientific investigation. The strong upward 
trends in sciatic nerve anatomy and endoscopic surgical 
approaches reflect how clinical demand shapes research 
priorities. With contributions from 60 countries, the field is 
clearly international in scope.
The BERTopic framework used here provides a reproducible, 
data-driven method for semantic literature mapping that 
goes further than keyword-based bibliometric approaches 
allow. Future work incorporating multilingual databases, 
citation impact analysis, and topic-specific MeSH term 
matching could produce a more complete picture of how 
anatomical research is evolving.
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