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SUMMARY

Cadaver-based research plays a crucial role in
orthopedic surgery by providing high anatomi-
cal fidelity for biomechanical analysis, surgical
training, and the development of new techniques.
Despite its importance, the global trends and re-
search patterns of cadaveric studies in orthope-
dics have not been comprehensively evaluated.
This study aimed to analyze global trends, re-
search productivity, and thematic patterns in hu-
man cadaveric orthopedic research between 2000
and 2025, with particular emphasis on clinically
applied anatomy and anatomy-oriented surgical
research. A comprehensive search was conduct-
ed in the Web of Science Core Collection database
using an expanded search strategy related to ca-
daveric research and orthopedic surgery. A total
of 3,428 records were identified. After applying
inclusion and exclusion criteria, 461 SCI-Expand-
ed English-language articles were included in the
final bibliometric analysis. Bibliometric analyses

and network visualizations were performed using
VOSviewer software.

The results demonstrated a significant increase
in publication output over time, with a peak in re-
cent years. The United States was the leading con-
tributor, followed by several developed countries.
Research activity was concentrated in high-im-
pact orthopedic journals and specialized academ-
ic centers. Keyword analysis revealed that bio-
mechanics, anterior cruciate ligament, fracture,
and shoulder disorders were the most prominent
research topics. Cadaver-based research in or-
thopedic surgery has shown a growing and mul-
tidisciplinary trend, with a strong focus on clin-
ically relevant topics. However, global research
output remains unevenly distributed. Enhancing
access to cadaveric resources and strengthening
research infrastructure, particularly in develop-
ing countries, may contribute to a more balanced
advancement of the field.
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INTRODUCTION

Educational and scientific studies conducted
on cadaveric material continue to be regarded as
an indispensable requirement in surgical disci-
plines, particularly in orthopedic surgery (Bolino
et al., 2023). These studies not only allow direct
examination of anatomical structures but also
play an important role in orthopedic research by
contributing to the understanding of joint bio-
mechanics and the development of new surgical
techniques (Dal Fabbro et al., 2021). In this con-
text, cadaver-based biomechanical studies are
widely used in musculoskeletal and sports-re-
lated orthopedic fields and demonstrate a broad
diversity of research encompassing different an-
atomical regions (Zhou et al., 2025). In addition,
cadaver-based orthopedic studies contribute sub-
stantially to clinically applied anatomy, anatomi-
cal education, morphological knowledge, and the
understanding of anatomical variations relevant
to surgical practice. In recent years, with the in-
creasing scientific output in orthopedic surgery, a
notable rise in the number of publications in this
field has been reported (Vaishya et al., 2026).

Bibliometric analysis is a powerful and widely
used method that enables the objective evaluation
of scientific output within a specific research field
and its international scientific impact, as well
as the identification of research trends and the
analysis of scientific influence (Van Raan, 2003).
These analyses provide a comprehensive frame-
work for examining the developmental dynamics
of a research field through various parameters,
including publication output, citation data, and
contributions of authors and institutions (Carey et
al., 2023). In recent years, an increase in the num-
ber of bibliometric studies conducted in orthope-
dic surgery has been reported, and these studies
have made significant contributions to the iden-
tification of research trends in the field (Lutter et
al., 2023).

Nevertheless, despite the importance and wide-
spread use of cadaver-based research in orthope-

dic surgery, there appears to be a limited number
of comprehensive bibliometric analyses in the
literature that systematically evaluate the global
trends in scientific output and research focus of
these studies. In particular, there is a need for a
comprehensive assessment of the developmental
dynamics, scientific impact, and research trends
of orthopedic studies involving human cadavers
over time. Therefore, the aim of this study was to
comprehensively analyze global trends, research
productivity, and thematic patterns in human ca-
daveric orthopedic research between 2000 and
2025 using bibliometric methods, with particular
emphasis on clinically applied anatomy and anat-
omy-oriented surgical research.

MATERIALS AND METHODS

Study design and data source

This study was designed as a bibliometric anal-
ysis to investigate global trends in research in-
volving human cadavers in orthopedic surgery.
The data used in this study were obtained from
the Web of Science Core Collection (https:/www.
webofscience.com/) database, which enables
comprehensive and reliable retrieval of scientific

publications.

Search strategy

A comprehensive literature search was con-
ducted in the Web of Science (WoS) Core Collec-
tion database using the Smart Search function.
The following search query was used: (cadaver
or cadaveric or “human cadaver” or specimen
or “human specimen” or “fresh frozen cadaver”
or “fresh-frozen cadaver”) and (“orthopedic sur-
gery”, either “orthopedic” or “orthopaedic”) not
(animal veterinary). The search was performed
on a single day to minimize potential bias related
to database updates. Initially, 3,428 records were
identified. Subsequently, the publication years
were limited to the period between 2000 and
2025, and only open-access publications were in-
cluded, resulting in 1,370 records.

Inclusion and exclusion criteria

Only studies classified as “Article” were includ-
ed. In addition, the Web of Science main catego-



ries were restricted to Orthopedics and Anatomy
& Morphology, reducing the number of records to
636. Further screening was performed according
to relevant subfields, including orthopedics, back
pain, nerve disorders, bone diseases, gait & pos-
ture, trauma & emergency surgery, tissue studies,
bone & nerve cancer, medical ethics, sport scienc-
es, and education & educational research. After
applying these filters, 508 publications remained.
Finally, only studies indexed in the Science Cita-
tion Index Expanded (SCI-Expanded) and pub-
lished in English were included. Following all
selection procedures, a total of 461 articles were
included in the final bibliometric analysis.

Data extraction

All data retrieved from the Web of Science da-
tabase were exported in tab-delimited format
for analysis. The dataset included bibliometric
variables such as publication year, authors, in-
stitutions, countries, journals, citation counts,
and keywords. Before analysis, the dataset was
checked for duplicate records, missing data, and
inconsistencies (e.g., variations in author and
institutional names), and necessary corrections
were performed.

Bibliometric analysis

The dataset was analyzed using VOSview-
er software (version 1.6.19, Leiden University,
Netherlands) for bibliometric analysis and net-
work visualization (van Eck and Waltman, 2010).
VOSviewer is a software tool used for constructing
and visualizing bibliometric networks, including
relationships among journals, authors, and pub-
lications (Liupost, 2021). The software applies the
Visualization of Similarities (VOS) mapping tech-
nique, which allows for the creation of network
maps based on citation, bibliographic coupling,
co-citation, and co-authorship relationships.

In this study, both network visualization and
overlay visualization map types were employed
(Hebebci, 2021). The clustering of nodes was per-
formed using the smart local moving algorithm,
which groups related items into clusters and as-
signs each cluster a distinct color. Each node in
the network represents an item (e.g., author, key-
word, country), and nodes that are closely relat-

ed are positioned closer together. The number of
clusters is determined by a resolution parameter,
with higher values producing a greater number of
clusters.

In VOSviewer visualizations, nodes are repre-
sented by circles labeled with the corresponding
item. The size of each circle and label reflects the
frequency or weight of the item, while colors in-
dicate cluster membership. The distance between
nodes represents the strength of their relation-
ship or similarity (van Eck and Waltman, 2010,
Van Eck and Waltman, 2014). Co-authorship anal-
ysis was performed to evaluate collaboration net-
works among authors, with a minimum threshold
of 2 publications and 2 citations per author. Co-oc-
currence analysis was conducted to examine rela-
tionships among keywords, including only those
with a minimum occurrence of 5. Citation anal-
ysis was performed to assess scientific impact
across countries, including those with at least 2
publications and 2 citations. Institutional and
journal analyses were conducted using the same
thresholds to evaluate productivity and citation
performance. Bibliographic coupling analysis was
also performed to examine relationships among
publications, including studies with a minimum
of 2 citations. Threshold values were determined
to ensure the inclusion of the most representative
and frequently occurring items within the dataset.
All results were visualized using network maps to
illustrate relationships among authors, keywords,
countries, institutions, and publications.

Study selection process

The study selection and screening process is
summarized in Fig. 1.

RESULTS

Overview of publications on human cadaveric
research in orthopedic surgery

A total of 461 publications were included in
the final bibliometric analysis, all of which were
indexed in the Science Citation Index Expand-
ed (SCI-Expanded). The distribution of publica-
tions across Web of Science categories revealed
that orthopedics constituted the largest category
(n=656), followed by sports sciences (n=153) and
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surgery (n=152). Additional contributions were
observed in anatomy & morphology (n=41) and
clinical neurology (n=23). Because some publica-
tions were indexed under multiple Web of Science
categories, the cumulative category counts ex-
ceeded the total number of included publications.
Further analysis demonstrated that the included
studies were also distributed across several re-
lated disciplines, including critical care medicine
(n=17), emergency medicine (n=17), biomedical
engineering (n=13), and radiology, nuclear med-
icine & medical imaging (n=12). Other less repre-
sented categories included rheumatology (n=11),
pediatrics (n=5), cell & tissue engineering (n=2),
and rehabilitation (n=2), while minimal contribu-
tions were identified in neurosciences, nursing,
and primary health care (n=1 each). Overall, these
findings demonstrate the multidisciplinary and
anatomy-oriented nature of cadaver-based ortho-
pedic research.

Cadaveric research trends in orthopaedic surgery

Publication Year

The temporal distribution of publications re-
vealed a fluctuating but overall increasing trend
over the study period. Research output was rel-
atively low at the beginning of the period, with
only O publications recorded in 2000. A notice-
able increase was observed during 2002-2003,
followed by a period of fluctuation between 2004
and 2010, during which publication counts re-
mained at a moderate level. From 2011 onwards,
a clear upward trend in publication output was
identified, culminating in a peak in 2019 (n=42).
This peak was preceded by similarly high pub-
lication counts in 2016 (n=38) and 2017 (n=31).
After 2020, a partial decline in publication output
was observed; however, a subsequent increase
was noted in 2024 (n=19), indicating a renewed
research interest in the field. The annual distri-
bution of publications is presented in Fig. 2. This
trend suggests a growing scientific interest in
cadaver-based orthopedic research, particular-

L Identification of studies via Web of Science ]

Fig. 1.- PRISMA-style flowchart of the study selection and screening process.
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Fig. 2.- Annual distribution of publications.

ly driven by advances in surgical techniques and
biomechanical investigations.

Publication Countries

The geographical distribution of publications
demonstrated a marked concentration in a lim-
ited number of countries. The United States was
the leading contributor by a substantial margin
(n=378), accounting for more than half of the to-
tal publications. This was followed by Germany
(n=53) and Canada (n=51), both of which showed
considerable research productivity. Japan (n=44)
and Switzerland (n=44) were also among the most
productive countries, followed by England (n=36)
and the People’s Republic of China (n=28). Aus-
tralia (n=22) contributed a moderate number of
publications, while France (n=16) and the Nether-
lands (n=16) were the leading contributors with-
in continental Europe. Several countries, includ-
ing Austria (n=14), Belgium (n=12), South Korea
(n=12), India (n=11), and Turkey (n=11), demon-
strated moderate levels of research output. Other
countries such as Italy (n=10) and Brazil, Greece,
Poland, and Spain (each n=8) contributed smaller
but notable shares.

The remaining countries exhibited relatively
low publication counts, with many contributing
fewer than five publications. These findings in-
dicate that cadaver-based orthopedic research
is predominantly driven by a small group of
high-output countries, while global contributions

remain widely distributed but uneven. The distri-
bution of publications by country is presented in
Fig. 3. This distribution reflects the dominance of
developed countries in producing high-impact re-
search, possibly due to better access to cadaveric
resources and advanced research infrastructure.

Publication authors and journals

The analysis of the most productive authors re-
vealed a relatively concentrated authorship struc-
ture within the field. An, Kai-Nan was identified as
the most prolific author (n=13), followed by Ama-
dio, Peter C. (n=12) and Zhao, Chunfeng (n=11).
Other leading contributors included Richards,
Robert G. (n=9), Gueorguiev, Boyko (n=9), Win-
dolf, Markus (n=7), Jeffers, Jonathan R. T. (n=7),
and Verdonschot, N.J.J. (n=7). Additional notable
contributors were Mann, Kenneth A. (n=6), Zder-
ic, Ivan (n=6), Woo, Savio L.-Y. (n=6), and Debski,
Richard E. (n=6). Several other authors, including
Rubash, H., Téyrds, Juha, Howell, Stephen, Hull,
Maury L., Ferguson, Stephen J., Janssen, Dennis,
and Amis, Andrew A., contributed five publica-
tions each. The distribution of the most produc-
tive authors based on publication count is pre-
sented in Fig. 4.

In terms of journal distribution, publications
were dispersed across multiple journals, reflect-
ing the interdisciplinary nature of cadaver-based
orthopedic research. The concentration of publi-
cations in journals related to orthopedics, med-
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Fig. 3.- International collaboration network of countries in human cadaveric orthopaedic research.

ical education, and surgical sciences further
supports the cross-disciplinary relevance of this
field. The journal analysis demonstrated a strong
concentration of publications in leading orthope-
dic journals. The Journal of Orthopaedic Research
accounted for the highest number of publications,
followed by the American Journal of Sports Med-
icine and the Journal of Orthopaedic Science.
This concentration indicates that cadaver-based
research is primarily disseminated through spe-
cialized, high-impact journals in orthopedics.

Publication keywords

The co-occurrence analysis of author keywords
revealed several prominent thematic clusters
within the literature (Fig. 5). The keyword bio-
mechanics emerged as the most frequently oc-
curring and centrally positioned term, indicating
its pivotal role in the research field. Other highly
connected keywords included knee, anterior cru-
ciate ligament, fracture, and cadaver, reflecting a
strong emphasis on musculoskeletal and surgical
anatomy research. Cluster analysis demonstrated
distinct thematic groupings. One major cluster
was associated with biomechanical analysis and
joint function, incorporating terms such as knee,

hip, and osteoarthritis. Another cluster focused
on surgical techniques and imaging modalities,
including navigation, computed tomography, and
computer-assisted surgery. Additionally, a sepa-
rate cluster highlighted trauma-related research,
represented by keywords such as fracture, fixa-
tion, and osteoporosis. Overall, the network struc-
ture indicates that research in this field is high-
ly interconnected, with biomechanics, surgical
applications, and cadaver-based studies forming
the core thematic domains. These findings in-
dicate that cadaver-based research is primarily
centered on clinically relevant and surgically ap-
plicable topics.

Research Areas and Citation Topics

The distribution of publications across Web
of Science citation topics demonstrated that the
research field is predominantly concentrated in
musculoskeletal and orthopedic domains. The
most prominent topic was anterior cruciate lig-
ament (n=120), followed by shoulder disorders
(n=97) and foot and ankle disorders (n=76). Addi-
tionally, substantial contributions were observed
in arthroplasty innovations (n=80) and fracture
management (n=35). Other notable topics includ-
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Fig. 4.- Distribution of the most productive authors based on number of publications.

ed spinal disorders (n=39), hand and wrist care pathologies, trauma-related conditions, and sur-
(n=34), and elbow fractures (n=33), indicating a gical innovations, reflecting the clinical and func-
broad distribution of research across different tional relevance of cadaver-based research in or-
anatomical regions. Topics such as hip disor- thopedic surgery.

ders, pelvic fracture, and osteoporosis were also
represented, although with comparatively lower DISCUSSION
frequencies. Overall, these findings highlight that

. . . . . The present bibliometric analysis demonstrat-
the literature is heavily focused on joint-specific p ¥

ed a progressive increase in cadaver-based or-

Fig. 5.- Network visualization of co-occurring author keywords in human cadaveric orthopaedic research.
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thopedic research over the past two decades, with
research activity largely concentrated in specific
countries and focused on clinically relevant an-
atomical and surgical topics. The prominence of
keywords such as biomechanics, anterior cruciate
ligament, fracture, and shoulder pathologies sug-
gests that cadaveric investigations remain highly
relevant for both clinically applied anatomy and
orthopedic surgical research. The prominence of
keywords such as biomechanics, anterior cruci-
ate ligament, fracture, and shoulder pathologies
indicates that cadaver-based studies are primari-
ly focused on surgical applications and functional
anatomy. These findings suggest that cadaveric
research continues to play a fundamental role in
orthopedic science. Furthermore, these studies
represent an important component of clinically
applied anatomy by improving the understanding
of surgical landmarks, anatomical relationships,
joint morphology, and region-specific anatomi-
cal variations. Previous studies have emphasized
that cadaveric models provide high accuracy and
reliability, particularly in biomechanical analy-
ses and the development of surgical techniques,
making them an indispensable component of
orthopedic research (Pang et al., 2024). In addi-
tion, cadaver-based studies have been shown to
contribute significantly to surgical training by
enhancing technical skills and procedural com-
petence (James et al,, 2019, James et al., 2020).
Furthermore, the high anatomical fidelity of ca-
daveric models offers substantial advantages in
the learning and evaluation of complex surgical
techniques (Yiasemidou et al., 2018).

A clear upward trend in cadaver-based ortho-
pedic research was observed over the study peri-
od. This increase may be attributed to advance-
ments in orthopedic technologies, the evolution
of surgical techniques, and changes in educa-
tional approaches. In particular, the widespread
adoption of minimally invasive procedures, ar-
throscopic techniques, and computer-assisted
surgical methods has increased the demand for
anatomically accurate models such as cadavers
(Dal Fabbro et al., 2021). Moreover, the growing
emphasis on simulation-based surgical training
has further reinforced the importance of cadav-
er use. Previous studies have demonstrated that

cadaver-based training is particularly effective in
mastering complex surgical procedures and facil-
itating the transition to clinical practice (James et
al., 2020). In addition, advancements in implant
technologies and the need to safely evaluate new
surgical techniques have contributed to the in-
creasing use of cadaver-based biomechanical
studies (Gardner et al., 2012).

The geographical distribution of publications
revealed a strong concentration in developed
countries, particularly in the United States. This
pattern is likely related to the advanced research
infrastructure, availability of funding, and strong
academic collaborations in these countries. Fac-
tors such as well-established ethical frameworks,
efficient cadaver procurement systems, and
advanced laboratory facilities contribute to in-
creased research productivity in this field (Zdil-
la and Balta, 2023). Furthermore, institutions in
high-income countries benefit from robust aca-
demic networks that facilitate international col-
laboration and scientific output. Previous studies
have reported that global research productivity
is largely concentrated in high-income countries
and is closely associated with the distribution of
research funding (Sweileh, 2018). In contrast,
limited access to cadavers, more restrictive eth-
ical and legal regulations, and insufficient re-
search infrastructure in developing countries
may hinder scientific productivity in these re-
gions (McMenamin et al., 2025). The concentra-
tion of publications in high-income countries
may also reflect disparities in access to cadaveric
laboratories, ethical donation systems, advanced
imaging technologies, and research funding op-
portunities. This imbalance suggests that the
global development of cadaver-based anatomical
and orthopedic research is influenced not only by
scientific interest but also by institutional and in-
frastructural capacity.

The analysis also revealed that publications are
concentrated among a limited number of authors
and journals. The presence of a small group of
highly productive researchers suggests that spe-
cialized research groups and academic centers
play aleading role in this field. This concentration
can be considered a natural consequence of the
technical expertise and experience required in



orthopedic surgery (Bolino et al., 2023). Similarly,
the clustering of publications in high-impact or-
thopedic journals reflects the scientific and clin-
ical relevance of this research area. It has been
reported that journals with higher impact factors
tend to publish studies with greater methodologi-
cal quality and broader scientific influence (Calla-
ham et al., 2002). Accordingly, the dissemination
of cadaver-based orthopedic research through
specialized journals highlights its strong connec-
tion to clinical practice and the structured chan-
nels of scientific communication.

Keyword analysis further demonstrated that
cadaver-based orthopedic research is centered
around specific clinical and functional domains.
The central positioning of terms such as biome-
chanics, anterior cruciate ligament, fracture, and
shoulder pathologies indicates a strong focus on
joint stability, load transmission, and surgical re-
construction. This can be explained by the high
accuracy of cadaveric models in biomechanical
evaluation and functional anatomical assessment
(Sherman, 2024). Cluster analysis revealed dis-
tinct thematic groupings, including biomechan-
ics and joint function, surgical techniques and
imaging modalities, and trauma-related research.
This distribution indicates that cadaver-based or-
thopedic research extends beyond basic anatom-
ical studies and is closely integrated with clinical
practice, surgical planning, and technological ad-
vancements. Consistent with the literature, cadav-
eric studies are widely used in the development of
surgical techniques, implant design, and biome-
chanical evaluation (Saeidi et al., 2021). Overall,
the highly interconnected keyword network sug-
gests that this field has a multidisciplinary and
translational character, bridging basic sciences
and clinical applications.

This study has several limitations. First, the
analysis was limited to the Web of Science Core
Collection database, and studies indexed in other
databases were not included, which may restrict
the generalizability of the findings. Second, only
English-language publications were considered,
potentially introducing language bias. In addi-
tion, despite the expanded search strategy, some
relevant studies may still not have been identified
because of variability in terminology used across

publications and databases. Furthermore, biblio-
metric analyses are inherently based on quantita-
tive indicators such as publication counts and ci-
tations, and do not directly assess methodological
quality or clinical effectiveness. Despite these lim-
itations, the study has several strengths. The use
of a comprehensive dataset covering a wide time
span allowed for a detailed evaluation of global
trends in cadaver-based orthopedic research. In
addition, the network analyses performed using
VOSviewer enabled a multidimensional assess-
ment of relationships among authors, countries,
keywords, and research areas. Overall, cadav-
er-based orthopedic research demonstrates a
growing trend and is concentrated around specif-
ic countries, research centers, and clinically rel-
evant topics. These findings confirm that cadav-
eric studies continue to serve as a critical bridge
between basic science and clinical practice in
orthopedic surgery. Future research should fo-
cus on improving research infrastructure and in-
creasing cadaver access in developing countries
to promote a more balanced global distribution of
scientific output.
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