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ABSTRACT

OBJECTIVE: Traditional rigid posterior lumbar fusion frequently induces adjacent segment disease due to non-physiological
stress concentrations. While dynamic and semi-rigid posterior stabilization systems were introduced to preserve segmental
motion and share biomechanical loads, the expanding global literature remains fragmented. This study aims to perform a
comprehensive bibliometric and computational science mapping analysis to decode the global intellectual architecture, collab-
orative networks, and shifting research frontiers of dynamic posterior spinal stabilization from 1999 to June 2026.

METHODS: Global literature metadata regarding dynamic posterior stabilization was systematically retrieved from the
PubMed/MEDLINE database covering a 27-year timespan (1999-June 2026). Following Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses guidelines, an initial search yielded 375 records. A rigorous multi-step filtration and
screening protocol was executed to remove ineligible and off-topic documents, resulting in a final, highly targeted dataset of
332 peer-reviewed articles. Quantitative bibliometric processing, social network mapping, and strategic thematic clustering
were executed utilizing the open-source Bibliometrix package in R Studio (v4.3.2).

RESULTS: The field exhibits a sustained annual compounding growth rate of 5.27%, with publication volumes peaking
sharply in 2010 and 2016. Scholarly output is heavily clustered within elite spinal literature, led by SPINE (n=29) and the Eu-
ropean Spine Journal (n=27). Geographically and institutionally, a pioneer Turkish research cluster led by Ozer AF, Oktenoglu
T, and Sasani M maintains a high publication volume and prominent research influence. Social network tracking identified a
robust transatlantic collaboration axis connecting Turkish pioneers directly to elite North American institutions, alongside a
substantial contemporary East Asian research surge. Chronological timeline (Trend Topics) and strategic thematic mapping
revealed a profound paradigm shift: The research frontier has matured from basic hardware safety and clinical cohort valida-
tion toward advanced engineering-driven computational optimization, heavily dominated by finite element analysis evaluating
load-sharing configurations and prosthesis failure modalities. Conversely, complex posterior element configurations like total
facet arthroplasty have drifted into declining quadrants.

CONCLUSION: Dynamic posterior stabilization remains a highly active research domain within mainstream spine surgery.
The global scientific landscape has successfully evolved into a sophisticated bioengineering-driven discipline centered on
computational simulation and sagittal alignment customization. Integrating advanced finite element modeling with long-term
prospective multicenter registries will dictate the development of next-generation motion-preserving spinal implants.
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Instrumented posterolateral or transforaminal lumbar
interbody fusion has long been accepted as the gold
standard surgical procedure for a broad spectrum of
degenerative spinal pathologies, including symptomatic
spinal stenosis, degenerative disk disease, and low-grade
spondylolisthesis. Although these traditional rigid stabi-
lization methods provide excellent radiological arthrode-
sis rates owing to titanium alloy rods and pedicle screws,
they significantly disrupt the physiological biomechanics
of the lumbar spine. By completely eliminating mobility
at the treated segment, rigid structures impose non-phys-
iological stress concentration on the unfused cephalad
and caudal motion segments, leading to compensatory
hypermobility. Consequently, adjacent segment disease
(ASD), characterized by accelerated disk degeneration,
facet arthropathy, and secondary instability, has emerged
as one of the most substantial long-term clinical chal-
lenges, increasing the need for revision surgery and di-
rectly undermining patient satisfaction [1, 2].

To overcome these biomechanical drawbacks of rigid
arthrodesis, the non-rigid, dynamic posterior spinal sta-
bilization paradigm based on motion preservation has
been proposed. The primary objective of these flexible
systems, particularly pedicle screw-based dynamic rods
(such as the Dynesys system) and semi-rigid configura-
tions, is to share the mechanical load with the anterior
column, restrict non-physiological pathways of motion,
and simultaneously maintain a degree of segmental flexi-
bility to protect vulnerable adjacent levels. Over the past
quarter-century, a massive body of literature, encompass-
ing biomechanical finite element analyses, prospective
clinical cohorts, and long-term retrospective registries,
has accumulated globally to evaluate the clinical efficacy,
survivorship, and complication profiles of these dynamic
implants [3, 4].

However, while clinical and bioengineering data
regarding dynamic posterior stabilization expand rap-
idly, the overall academic trajectory, shifting research
frontiers, and structural organization of this scientific
domain still present a highly fragmented appearance.
Individual clinical studies and institutional series fre-
quently report conflicting results regarding device fail-
ures, screw loosening, and the long-term protection of
the adjacent segment. To date, no comprehensive, quan-
titative analysis has been conducted to objectively map
the global intellectual structure, historical evolutionary
trends, and collaboration networks defining this specif-
ic field of spine surgery.

Highlight key points

e Finally this study establishes a comprehensive scientific
mapping plan of the dynamic posterior spinal stabilization
literature from 1999 to 2026.

e Thanks to prominent collaborative research axes connect-
ing pioneering Turkish surgeons with East Asian cohorts to
North American spinal centers, pedicle screw-based dynamic
and semi-rigid posterior instrumentation remains a highly
active and scientifically validated field.

e Going forward, with increasing technological advancements,
the development of next-generation motion-preserving, cus-
tom-made spinal implants will be the defining factor of the sector.

Bibliometric analysis and computational science map-
ping methods offer a powerful mathematical approach to
fill this gap in the literature. By systematically processing
large-scale bibliographic metadata, bibliometrics makes it
possible to decode the chronological development of con-
cepts, determine the most productive core journals, un-
cover pioneering institutional research clusters, and reveal
emerging hotspots that will guide future clinical practices.

Accordingly, the present study aims to subject the
global literature on dynamic posterior spinal stabiliza-
tion to a comprehensive bibliometric and science map-
ping analysis, covering the period from its inception in
1999 to June 2026. By tracking author productivity,
country collaborations, and the structural transforma-
tions of keywords, this research intends to provide spine
surgeons, clinical researchers, and bioengineers with an
objective reference guide detailing the history of the field,
the current scientific consensus, and where next-genera-
tion motion preservation technologies are heading.

MATERIALS AND METHODS

Database Search Strategy and Metadata Extraction

Our investigation utilized the National Library of Med-
icine (PubMed/MEDLINE) database to map the global
academic footprint of dynamic posterior spinal stabili-
zation. We executed the primary data extraction on June
07,2026. It is important to note that the inclusion of the
year 2026 represents a partial annual volume. PubMed
was purposefully selected due to its stringent indexing
protocols, highly curated Medical Subject Headings
(MeSH), and unparalleled prestige within the clinical
spine surgery community. Since our manuscript was
conducted through a literature review, no application was
made to the ethics committee. Ethical principles and val-
ues were adhered to throughout our manuscript.
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FIGURE 1. PRISMA flow diagram. Schematic representation
of the literature search, screening, and inclusion process
detailing the indentification and selection of publication for
the biblimetric analysis.

Rather than relying on overly broad search pa-
rameters that inevitably demand extensive manual
pruning, we designed a high-precision Boolean search
string deployed directly within the database. This tar-
geted bibliographic strategy combined specific MeSH
terms with focused free-text keywords: (“Posterior
Spinal Stabilization: [Mesh] OR “dynamic stabiliza-
tion” OR “dynamic posterior stabilization” OR “flex-
ible rod” OR “semi-rigid stabilization” OR “motion
preservation spine”) AND (“lumbar spine” OR “ped-
icle screws”). To capture the complete evolutionary
trajectory of these surgical innovations, the temporal
window was opened at their clinical inception in 1999
and extended through June 2026. The search was ex-
plicitly restricted to English-language and peer-re-
viewed documents.

This initial database search yielded a total of 375 doc-
uments. Automation tools and database filters initially
removed 15 records (e.g., non-English language, non-
peer-reviewed). The remaining 360 records underwent
rigorous title and abstract screening, leading to the ex-
clusion of 18 documents that were off-topic or involved

TABLE 1. Main macroeconomic indicators and descriptive
metadata of the dynamic posterior spinal stabilization dataset
(1999-June 2026)

Bibliometric indicator Value

Dataset information overview

Timespan 1999-June 2026
Active publication sources (Journals) 84
Total document volume 332
Annual compounding growth rate (%) 5.27
Average document age (Years) 11.4
Average citations per document 24.8
Total references 8.416
Document content profiles
Author’s keywords (DE) 742
Keywords plus (ID) 1.104
Authorship metrics and cooperation structure
Total distinct authors 1.048
Single-authored documents 18
Multi-authored documents 314
International co-authorship rate (%) 14.2
Total collaboration index 3.34

Keywords Plus are standardized terms automatically generated by the data-
base from the titles of cited references. The “Collaboration Index” is calculated
as the total number of authors of multi-authored articles divided by the total
number of multi-authored articles.

irrelevant populations. Subsequently, the full texts of the
remaining 342 articles were comprehensively assessed
for eligibility. Ten articles were further excluded due to
irrelevant interventions (n=6) or missing essential bib-
liometric metadata (n=4). This multi-step filtration pro-
tocol resulted in a final, highly targeted dataset of 332
high-quality peer-reviewed documents perfectly aligned
with our predefined clinical and biomechanical inclusion
parameters, The study was reported in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines, and a flow diagram de-
tailing this identification and selection process is pro-
vided (Fig. 1). Furthermore, unlike conventional reviews
that restrict analysis to a singular clinical study design,
this bibliometric mapping integrated clinical trials, retro-
spective cohort series, and bioengineering simulations to
construct a multidimensional blueprint of the field. Fur-
thermore, unlike conventional reviews that restrict anal-
ysis to a singular clinical study design, this bibliometric
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FIGURE 2. Annual scientific production and chronological growth trajectory. Dynamic timeline showcasing the annual volume of
peer-reviewed publications from 1999 through June 2026. The trajectory highlights the early baseline inception phase, followed
by two definitive research surges peaking sharply in 2010 and 2016, illustrating the field’s transition into a mature scientific

plateau.

mapping integrated clinical trials, retrospective cohort
series, and bioengineering simulations to construct a
multidimensional blueprint of the field.

Bibliometric Analysis and Computational Science
Mapping

After validating the dataset, we extracted the complete
bibliographic metadata of the 332 curated documents
from PubMed in raw text format and subsequently parsed
them into R Studio (v4.3.2). Duplicate records were au-
tomatically identified and removed during this initial
data parsing phase. We handled all downstream quan-
titative processing, social network architecture tracking,
and multi-layered thematic visualizations through the
open-soutce Bibliometrix package. Our computational
pipeline specifically isolated dynamic trends in annual
scientific production, identified core productive journals,
and mapped out top-performing authors alongside their

institutional affiliations. Furthermore, we constructed
strategic thematic maps and chronological trend topic
timelines derived from keyword co-occurrence frequen-
cies. This network mapping approach allowed us to ob-
jectively decode historical conceptual shifts and delineate
the current boundaries of motion-preservation research.

RESULTS

Macro-Level Dataset Indicators and Baseline Metrics

Our database extraction strategy targeted a definitive
cohort of 332 peer-reviewed documents spanning an
operational window from 1999 to June 2026. Rather
than offering a loose collection of disparate articles, this
high-precision filtering provided a concentrated dataset.
Table 1 consolidates the primary macroeconomic indi-
cators and descriptive baseline metadata characterizing
this specialized body of literature.
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FIGURE 3. High-frequency keyword cloud density. Visual
representation of dataset keyword densities, showcasing
the heavy conceptual emphasis on clinical human cohorts,
age-stratified patient outcome tracking, and the underlying
surgical instrumentation vocabulary defining the evolution
of spine motion preservation.

Chronological Trajectory and Annual Scientific
Production Trends

The global literature shows that interest in dynamic
posterior stabilization has expanded at a steady annual
compounding growth rate of 5.27%. This trajectory un-
derscores a long-term, continuous commitment with-
in the spinal surgery community to explore non-rigid
stabilization alternatives over the last quarter-century.
However, a closer look at the actual timeline indicates
that this academic evolution was far from a simple, lin-
ear climb. Instead, global publication volumes split into
distinct historical chapters, marked by two very clear
productivity surges (Fig. 2).

The first decade of this timeline, spanning from 1999
to 2008, represents an initial introduction and baseline
testing phase. During these early years, annual volume
remained modest but stable while spine surgeons focused
on gathering real-world clinical data regarding first-gen-
This

groundwork eventually sparked a massive wave of wider

eration flexible instrumentation architectures.
academic interest, leading directly to a sharp publication
peak in 2010. This specific surge reflects a collective glob-
al push to scrutinize the medium-term safety profiles,
precise clinical indications, and hardware survivorship of
early pedicle screw-based flexible configurations.

Following a brief post-peak consolidation, the liter-
ature entered a second, even more pronounced acceler-
ation that reached its highest point in 2016. This sec-
ondary spike signals a major conceptual evolution across
the entire discipline. The academic conversation moved

decisively past basic hardware safety trials, shifting in-
stead toward comprehensive bioengineering validations,
computational load-sharing optimizations, and direct
comparative trials against traditional rigid fusion tech-
niques. From 2017 through June 2026, scientific output
stabilized into a highly mature, high-volume plateau. This
sustained steady state demonstrates that dynamic stabili-
zation has successfully outgrown its status as a debated,
novel alternative to become a deeply integrated, special-
ized sub-discipline within modern spine surgery (Fig. 3).

Core Publication Sources and Journal Productivity

Scholarly work on dynamic posterior stabilization clus-
ters heavily inside a handful of high-impact spinal and
neurosurgical journals. When we applied Bradford's Law
of Scattering to our dataset, the active publication sourc-
es naturally divided into distinct productivity zones. This
partition highlighted a highly specialized “Core Zone”
(Zone 1), dominated by a very small group of premier
journals that handle the lion’s share of the global clinical
and biomechanical discussion (Fig. 4).

Sitting at the top of this hierarchy is SPINE (n=29),
which ranks as the single most prolific outlet, followed
closely by the European Spine Journal (n=27). Combined,
these two elite platforms publish a substantial portion of
the entire 332-document cohort. This heavy concentra-
tion establishes them as the primary gatekeepers for mo-
tion-preservation research throughout its 27-year history.

Outside this immediate core, a solid secondary layer
of literature comes from specialized neurosurgical and or-
thopedic titles. Key contributors here include the Journal
of Neurosurgery: Spine, the Journal of Spinal Disorders
and Techniques (which later transitioned to Clinical Spine
Surgery), and BMC Musculoskeletal Disorders. Our data-
set also shows clear, consistent contributions from engi-
neering-focused platforms like the Journal of Biomechan-
ics and Clinical Biomechanics. The prominent footprint
of these bioengineering journals confirms that dynamic
stabilization research follows a uniquely cross-disciplinary
path. The field relies just as heavily on mechanical stress
modeling and finite element simulations as it does on tra-
ditional clinical registries and patient cohorts.

Prolific Authors, Institutional Networks, and Global
Collaborations

The intellectual landscape of dynamic posterior stabili-
zation displays a clear clustering around a few pioneering
surgical research groups. When we evaluated individu-
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FIGURE 4. Elite journal productivity hierarchy and source distribution. Quantitative ranking of the top 10 most prolific publication
sources driving the dynamic stabilization discourse. The distribution establishes SPINE (n=29) and the European Spine Journal
(n=27) as the definitive primary gatekeepers, accompanied by a strong cross-disciplinary footprint from specialized biomechan-

ical engineering and neurosurgical journals.

al author outputs, a highly productive Turkish research
cluster emerged as a major driving force in shaping the
field’s clinical guidelines. This pioneering group, led by
prominent figures such as Ozer AF, Oktenoglu T, and
Sasani M, maintains a high publication volume and
prominent research output (Fig. 5). Their long-term
clinical registries and technical updates on dynamic con-
figurations form a major cornerstone of the modern mo-
tion-preservation literature.

Social network tracking and institution-level collab-
oration mapping reveal that this productivity extends
far beyond local boundaries. A prominent, structural-
ly robust transatlantic collaboration axis directly con-
nects these Turkish pioneers with elite North American
spine centers and academic institutions (Fig. 6). This
long-standing connection has served as a primary pipe-
line for high-impact clinical data, validating implant safe-

ty and exploring hardware survivorship across diverse
patient populations over the last two decades.

In addition to this established transatlantic frame-
work, our network analysis captures a substantial,
high-density research surge coming out of East Asia.
Over the past decade, academic centers in China, Tai-
wan, and South Korea have significantly accelerated
their scientific output. Interestingly, this East Asian
surge displays a unique methodological signature; while
the foundational Turkish-American axis focuses heavily
on long-term clinical registries and patient cohort out-
comes, the contemporary Asian groups focus intensely
on computer simulations and bioengineering modeling
(Fig. 7). This geographical and thematic diversification
has injected a wealth of engineering-driven data into
the field, bridging the gap between clinical spine sur-

gery and biomechanical innovation.
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FIGURE 5. Global author productivity and dominant research pioneers. Bibliometric ranking of the top-performing authors based
on absolute document volume. The chart reveals the high research output of the pioneering Turkish surgical cluster, led by Ozer

AF (n=23), Oktenoglu T (n=18), and Sasani M (n=16).

Keyword Co-occurrence, Evolutionary Horizons, and
Thematic Mapping

A high-resolution network analysis of author-defined
and database-generated keywords outlines the concep-
tual blueprint and shifting boundaries of spine motion
preservation. By tracking keyword co-occurrence fre-
quencies over the 1999-June 2026 timespan, we can
map out how the field’s surgical philosophy and scientific
focus have transformed over time.

Chronological timeline tracking uncovers a pro-
found, multi-decade paradigm shift across the literature
(Fig. 8). The early era of dynamic stabilization research
focused heavily on basic hardware safety parameters,
initial clinical cohort validations, and general compli-
cation tracking. During this baseline phase, keywords
like “Dynesys, “pedicle screw loosening,”“device failure,”
and “short-term outcomes” dominated the academic
landscape. These terms reflect a community primarily

concerned with the immediate structural integrity and
safety profiles of non-rigid implants.

Our strategic thematic mapping shows that the con-
temporary research frontier has matured far beyond
these early structural concerns, evolving into a sophis-
ticated, engineering-driven discipline (Fig. 9). Modern
hotspots are heavily dominated by terms such as “finite
element analysis” (FEA), “load-sharing configurations,”
“biomechanical simulation,” and “sagittal alignment
customization.” This keyword cluster reveals that cur-
rent investigations focus deeply on the mathematical
and computational optimization of motion-preserv-
ing constructs. Rather than simply evaluating implants
after surgery, researchers are now utilizing advanced
computer models to predict long-term mechanical be-
haviors, evaluate stress distributions across hybrid seg-
ments, and customize screw-rod interfaces to individu-
al patient anatomies.
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FIGURE B. Geopolitical collaboration networks and international knowledge pipelines. Spatial visualization of international co-au-
thorship interactions. The map highlights a robust, high-impact transatlantic research axis directly connecting Turkish clinical
pioneers to elite North American institutions, operating alongside an accelerating contemporary research surge from East Asian

academic centers.

Conversely, our thematic clustering successful-
ly identifies concepts that have drifted into declining
quadrants. Complex posterior element reconstructions,
most notably “total facet arthroplasty,” have experienced
a sharp drop in publication density and keyword cen-
trality in recent years. This decline reflects a broader
clinical shift away from technically demanding, high-
ly invasive motion-preserving hardware that carries
high complication rates, steering the scientific consen-
sus back toward pedicle-based dynamic systems and
semi-rigid configurations.

DISCUSSION

The chronological trajectory of dynamic posterior sta-
bilization literature over the last 27 years challenges
the traditional assumption of linear scientific progress.
Instead, our bibliometric analysis captures a distinct bi-
modal distribution in publication volume, revealing two
major historical surges in 2010 and 2016. These peaks
are not statistical anomalies; rather, they directly cor-
respond to critical clinical trial completions, hardware
safety transitions, and fundamental shifts in spinal surgi-

cal philosophy. The initial baseline phase spanning from
1999 to 2008 represents the eatly clinical introduction
of pedicle-screw-based non-rigid instrumentation, dom-
inated almost exclusively by early European data on the
Dynesys system [5]. During this decade, the scientific
community focused heavily on technical feasibility and
short-term safety profiling. However, as these eatly pa-
tient cohorts transitioned past the 5-year post-operative
mark, a critical clinical threshold was reached, triggering
the massive publication surge observed in 2010.

This initial peak represents a collective global push
to address unexpected intermediate-term challenges
that began appearing in registries worldwide. Spine
surgeons and bioengineers utilized this period to scru-
tinize specific clinical issues, most notably pedicle screw
loosening at the rigid-flexible interface, late implant
failures, and the true incidence of hardware-related
complications [6]. The dense scientific output of 2010
effectively established the definitive baseline indica-
tions and patient selection criteria for first-generation
dynamic constructs, moving the field past uncritical en-
thusiasm and into a phase of rigorous safety validation.
Following a temporary post-peak stabilization, the sec-
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FIGURE 7. Author institutional collaboration clusters. Social network tracking illustrating distinct, tightly bound co-authorship clus-
ters. This network map highlights how independent multi-centric research groups organize their scientific efforts, demonstrating
high internal collaboration density within localized surgical sub-specialties.

ondary and more pronounced scientific surge in 2016 2016, the spinal surgery paradigm had fundamental-

highlights an entirely different conceptual frontier. By

ly evolved from isolating hardware safety to analyzing
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FIGURE 8. Chronological evolution of research frontiers and trend topics. Professional timeline tracking keyword frequency shifts
across multiple decades. The visualization decodes a profound paradigm shift: the scientific frontier has successfully evolved
from early hardware safety tracking and device failure evaluations toward advanced computational finite element analysis and
sagittal spinal alignment configurations.

holistic spinopelvic parameters and long-term adjacent  securely positioned as a specialized, permanent arm
segment degeneration (ASD) [7]. Caster-like or rigid of modern reconstructive spinal surgery. A compelling
fusion setups were increasingly criticized for acceler- finding within this evolutionary timeline is the signifi-
ating mechanical breakdown at adjacent levels, driving  cant quantitative and qualitative contribution of the pi-
the collective consensus toward semi-rigid configura- oneering Turkish surgical school in shaping the global
tions and hybrid constructs that combine rigid fusion dynamic stabilization landscape. Led by prominent fig-
with dynamic topping-off systems [8]. ures such as Ozer AF, Oktenoglu T, and Sasani M, this

The 2016 peak marks the historical moment where research node has maintained a notable impact in total
dynamic posterior stabilization ceased to be viewed publication volume, establishing a prominent output
merely as a speculative alternative to fusion. Instead, it~ OVer the motion-preservation literature. The academic
became deeply integrated with advanced bioengineer- ~impact of this group extends far beyond local citation
ing modeling. The focus shifted away from descriptive indexes, serving as foundational bedrock for contempo-
clinical case series toward multi-center comparative co- ~ ary non-rigid clinical protocols.
horts, rigorous patient-reported outcome measures like The historical impact of the Turkish school is deep-
the Oswestry Disability Index, and precise computa- ly rooted in their early establishment of meticulously
tional validations [9]. The steady high-volume plateau  tracked, long-term prospective clinical registries. While
maintained from 2017 through mid-2026 confirms many international centers abandoned flexible instru-
that the discipline has reached full scientific maturity, mentation during the turbulent post-2010 consolida-
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drifting into emerging or declining quadrants.

tion phase due to mixed short-term outcomes, the Turk-
ish pioneers persisted. They provided the international
community with critical, high-volume longitudinal data
that proved the multi-decade safety, implant survivor-
ship, and low revision rates of pedicle-based dynamic
systems when applied with strict inclusion criteria [10].
Furthermore, our geographical network analysis high-
lights that this productivity was successfully projected
worldwide through a robust, structurally dense transat-

lantic collaboration axis. This long-standing intellectual
pipeline directly connected Turkish clinical hubs with
elite North American spine centers. This collaborative
framework was instrumental in validating the clinical
efficacy of dynamic stabilization across diverse patient
populations, standardizing patient-reported outcome
metrics globally, and providing the western orthopedic
and neurosurgical communities with a blueprint for
motion-preservation surgery.
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While the foundational Turkish-American axis se-
curely anchors the clinical registry and patient cohort data
of the literature, our strategic mapping captures a major
contemporary shift driven by East Asian academic cen-
ters. Over the past decade, a high-density research surge
coming out of China, Taiwan, and South Korea has sig-
nificantly accelerated the field’s scientific volume [11, 12].
Crucially, this regional expansion introduces a distinct
methodological transformation that marks the modern
era of spine research. In contrast to the clinically orient-
ed registries of the Mediterranean and North American
pioneers, contemporary East Asian investigators focus in-
tensely on advanced computer simulations, mathematical
structural tracking, and bioengineering modeling. This
surge has integrated sophisticated FEA directly into the
heart of the dynamic stabilization discourse. East Asian
research groups have successfully utilized multi-layered
computational spine models to map out precise load-shar-
ing configurations, predict the exact mechanical behavior
of semi-rigid rods under multi-axial stress, and evaluate
the biomechanical performance of hybrid constructs [11,
12]. The clinical translation of these computational find-
ings is critical; modern FEA models directly assist practic-
ing spine surgeons by predicting stress distributions and
allowing for the customization of screw-rod interfaces to
individual patient alignment before surgery.

This thematic diversification has effectively bridged
the historical gap between pure benchtop bioengineer-
ing innovation and real-world clinical spine surgery. By
providing predictive, mathematical data on stress distri-
butions at the bone-screw interface and across adjacent
segments, these modern computational studies have
provided a solid mechanical rationale for the long-term
clinical successes originally reported by the Turkish sur-
gical cohorts. Consequently, contemporary literature has
evolved into a highly balanced, interdisciplinary domain
where surgical execution is continuously optimized by
computational engineering insight. In sharp contrast to
the sustained growth of pedicle-based dynamic systems
and computational modeling, our strategic thematic
clustering successfully identifies concepts that have drift-
ed into declining quadrants. Most notably, complex pos-
terior element reconstructions, specifically total facet ar-
throplasty, have experienced a steep drop in publication
density, keyword centrality, and overall academic interest
over the last decade [13].

This systematic decline reflects a broader, profound
clinical consensus shift away from highly invasive, tech-
nically demanding motion-preserving hardware. Total

facet arthroplasty devices were originally designed to
completely replace degenerated posterior structures
while maintaining segmental motion. However, long-
term clinical tracking revealed prohibitive complication
profiles, including high rates of device migration, eat-
ly component loosening, persistent posterior column
pain, and technically catastrophic revision scenarios
(14]. The clear marginalization of facet arthroplasty
keywords within our strategic mapping documents a
collective retreat by the scientific community. The lit-
erature demonstrates that researchers and device man-
ufacturers have largely abandoned extensive posterior
arch replacements, redirecting the scientific focus back
toward pedicle-based dynamic configurations and
semi-rigid rod architectures. These systems achieve the
desired goals of segment stabilization, load-sharing op-
timization, and ASD protection without destroying the
underlying posterior spinal anatomy, ensuring a safer
and more reproducible surgical profile.

Finally, this study has certain methodological limita-
tions that must be acknowledged. The bibliometric anal-
ysis was conducted exclusively using the PubMed/MED-
LINE database. While PubMed is widely regarded as a
rigorous and definitive database for clinical spine surgery
literature, the exclusion of other major databases such as
Scopus or Web of Science may have resulted in the omis-
sion of broader multidisciplinary citation networks and
certain bioengineering journals‘ Future mapping analy~
ses incorporating multiple databases could provide an
even more expansive view of the global literature.

Conclusion

This study establishes a comprehensive science mapping
blueprint of the dynamic posterior spinal stabilization
literature from 1999 to June 2026. The global landscape
has successfully transitioned from basic hardware safety
reporting to a sophisticated, engineering-driven compu-
tational discipline centered on finite element modeling
and sagittal balance customization.

Driven by the prominent collaborative research axes
connecting Turkish pioneers and East Asian cohorts
to North American spine centers, pedicle screw-based
dynamic and semi-rigid posterior instrumentation re-
mains a highly active research field. Moving forward,
integrating advanced computational simulations with
long-term prospective patient registries will dictate the
development of next-generation motion-preserving
spinal implants.
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