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Traumatic spinal injuries (TSIs) are a leading cause of disability and represent
a significant socio-economic burden. Despite advancements in diagnostic and
surgical techniques, treatment outcomes remain inconsistent. Standardized
protocols often fail to account for individual patient characteristics, which
can reduce the effectiveness of interventions and increase the risk of
complications. This highlights the growing relevance of adopting individualized
approaches in the treatment of TSIs.

Objective: To comprehensively analyze the economic, legal, clinical, and
deontological aspects of implementing individualized approaches to the
treatment of TSIs.

Materials and methods: An analytical literature review was conducted in
accordance with the PRISMA protocol. Sources were selected from international
scientific databases over the past 10 years using relevant MeSH terms.

Results: The literature review revealed that, despite technological advances,
treatment outcomes in TSIs do not always improve proportionally with
increased healthcare spending, illustrating the phenomenon of diminishing
returns. The use of the QALY metric in several countries enables the
evaluation of the cost-effectiveness of medical interventions; however, it
has ethical limitations and is not yet implemented in Ukraine. The domestic
Health Technology Assessment (HTA) system, introduced in 2020, does not
currently include mandatory protocols for managing TSIs due to clinical
heterogeneity, resource constraints, and legal risks. Standardized, diagnosis-
driven protocols focused on the “average patient” often disregard individual
variability, potentially leading to both overtreatment and undertreatment.
Simplified injury classification systems enhance standardization but may
reduce clinical decision-making accuracy in atypical cases. Furthermore,
limited public understanding of evidence-based medicine contributes to ethical
and communicative challenges. These findings underscore the importance of
individualized approaches in TSI management.

Conclusions: Individualization of TSI treatment represents a logical extension
of evidence-based medicine and promotes optimization of outcomes. It
allows for flexible, patient-specific therapeutic strategies, improves the
efficiency of healthcare resource utilization, and reduces complication rates.
The ongoing development of analytical tools offers promising prospects for
constructing personalized algorithms for managing highly heterogeneous
patient populations.
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Introduction

population, lifestyle changes, dietary preferences, and

Traumatic spinal injuries (TSIs) represent one of
the most pressing issues in modern traumatology and
neurosurgery. Each year, a significant number of cases
involving damage to the osteoligamentous structures
of the spine are recorded globally. These injuries are
commonly associated with road traffic accidents, falls
from heights, industrial and sports injuries, among other
causes [1]. The proportion of osteoporotic fractures
in elderly patients within the structure of TSIs is
increasing, which is attributed to the general aging of the
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the growing prevalence of osteoporosis [2]. According
to the Global Burden of Disease estimates (Institute for
Health Metrics and Evaluation, University of Washington,
Seattle, USA), the global incidence of TSIs in 2021 was
approximately 7.50 million (95% confidence interval
[CI]: 5.83-9.74 million), while the prevalence—defined
as the presence of clinically significant consequences
of previously sustained TSIs—reached 5.37 million
cases (95% CI: 4.70-6.20 million) [3]. TSIs are often
accompanied by acute symptoms such as severe
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pain, marked limitation of mobility, and may require
emergency medical care, including surgical intervention
[4]. Their consequences often manifest in the long
term. Neurological deficits, frequently observed due to
spinal cord or nerve root injury, can result in persistent
disability and significantly impaired quality of life [5].
This, in turn, limits daily activity, work capacity, and
self-care abilities, and may lead to social isolation. Long-
term consequences of spinal injuries impose a substantial
socioeconomic burden on healthcare systems due to
the need for prolonged treatment, rehabilitation, social
reintegration, and continuous support. Additionally,
they increase expenditures related to disability and
reduce overall population productivity [6]. In 2021,
the estimated number of patients suffering from the
effects of traumatic cervical spinal cord injury was
approximately 7.42 million (95% CI: 6.74-8.35 million),
with an annual incidence of around 0.31 million (95%
CI: 0.22-0.46 million). Thoracolumbar injuries are even
more prevalent, with an estimated 7.98 million (95% CI:
7.15-9.16 million) individuals presenting with persistent
symptoms and approximately 0.27 million (95% CI:
0.18-0.39 million) new cases annually [3]. These figures
highlight the urgent need for a comprehensive approach
to injury prevention, rehabilitation of patients with TSIs,
and optimization of surgical treatment strategies aimed
at achieving adequate spinal stabilization, restoration
of neurological function, and reduction of rehabilitation
duration.

In recent decades, significant progress has been
made in the diagnostic techniques for TSIs [7]. Modern
technologies such as multislice computed tomography
[8,9], magnetic resonance imaging [10, 11], and high-
resolution ultrasonography [12, 13] provide detailed
visualization of damaged structures and allow evaluation
of surrounding tissues. These tools enhance diagnostic
precision, enabling assessment of spinal segment
stability, spinal cord compression, and soft tissue injury
severity.

Furthermore, the implementation of advanced
anesthesiology practices—such as multimodal
anesthesia and regional analgesia techniques—has
significantly reduced perioperative complications and
improved surgical tolerability, even in patients with
severe comorbidities [14, 15]. Advances in surgical
methods, particularly minimally invasive techniques,
endoscopic approaches, robotic systems, and real-time
navigation, have markedly improved surgical accuracy,
reduced operative time, and shortened the recovery
period [16, 17].

The expanding range of available treatment options
and a growing emphasis not only on clinical effectiveness
but also on the economic feasibility of each method
are key trends shaping contemporary healthcare.
Nevertheless, numerous issues accompanying these
developments remain debatable and/or insufficiently
explored.

The aim of this review is to comprehensively
evaluate the prospects of implementing an individualized
approach to the treatment of traumatic spinal injuries—
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one of the most socially significant categories of
musculoskeletal disorders. The review explores
economic, legal, medical, and deontological aspects
associated with integrating individualization strategies
into the existing diagnostically oriented paradigm.

Materials and methods

This analytical review was conducted following
the PRISMA protocol (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses), which ensured
transparency, systematicity, and objectivity throughout
the search and selection process. The literature search
was carried out using international scientometric
databases including PubMed, Scopus, Web of Science,
and Google Scholar. The key inclusion criteria were:
relevance to individualized approaches in the treatment
of spinal trauma, the presence of economic, legal,
medical, or deontological aspects, and a publication
date within the last 10 years. The main keywords (MeSH
terms) used during the search included: "Spinal Injuries",
"Spinal Fractures", "Precision Medicine", "Individualized
Medicine", "Treatment Outcome", "Cost-Benefit Analysis",
"Health Economics", "Clinical Effectiveness", "Ethics,
Medical", "Jurisprudence", "Diagnostic Techniques and
Procedures", "Evidence-Based Medicine".

A stepwise screening process was applied, initially
based on titles and abstracts, followed by full-
text evaluation. In addition, reference lists of the
selected articles were reviewed to identify further
relevant sources. The final analytical review included
original research articles, systematic reviews, clinical
guidelines, and methodological materials that met the
aforementioned criteria.

The results of the analysis were structured according
to the thematic sections of the review.

Results

The Economic threshold of excellence

Despite significant advances, the outcomes of TSI
remain equivocal [18]. In certain cases, the introduction
of novel technologies and treatment methods results
in only marginal improvements in long-term clinical
outcomes, whereas the associated healthcare costs
continue to rise steadily. This leads to the attainment of
a certain threshold, beyond which further technological
advancements yield diminishing clinical benefits
while requiring increasingly substantial financial and
resource investments [19]. This phenomenon, known
as diminishing returns, indicates that the effectiveness
of treatment does not increase indefinitely with the
sophistication and expense of technology. On the
contrary, additional investments in high-end solutions
may offer only minimal clinical advantages, which often
do not justify the resources and efforts expended
[20-22]. In spinal surgery, this phenomenon is already
clearly observable. While modern approaches help
reduce intraoperative risks and shorten postoperative
recovery periods, their impact on long-term outcomes—
such as functional recovery, disability reduction, or
improvements in patient quality of life—diminishes with
each successive technological enhancement [19]. This
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raises not only medical but also economic concerns
regarding the rationale for employing highly complex
and expensive technologies in cases where more
accessible methods may yield comparable results.
As such, it is essential to reconsider priorities and
emphasize strategies that ensure an optimal balance
between cost and clinical benefit. One promising solution
is the implementation of a personalized approach,
enabling targeted use of advanced technologies
where they provide the greatest benefit. Furthermore,
developing predictive methodologies to assess in
advance the effectiveness of costly interventions for
individual patients may help improve decision-making
efficiency [23].

A practical manifestation of efforts to regulate
the effect of diminishing returns is the application
of the Quality-Adjusted Life Year (QALY) metric in
several countries. QALY incorporates two primary
components: the number of additional years a patient
may gain from treatment and the projected quality of
those years, expressed on a scale from 0 to 1—where
1 represents perfect health and 0 equates to a health
state comparable to death [24]. The core purpose of
QALY is to quantitatively evaluate the potential benefit
of a given medical intervention or therapy. For example,
if a treatment adds one year of life in perfect health, it
results in a gain of 1.0 QALY; if it prolongs life by four
years in a condition rated at 0.5, the total benefit would
amount to 2.0 QALYs.

Utilization of the QALY metric supports evidence-
based decision-making under limited healthcare budgets,
particularly when assessing the appropriateness of
expensive technologies, pharmaceuticals, or surgical
procedures [25]. In countries with well-developed
healthcare systems, there are established thresholds
for the cost per QALY. For instance, in the United
Kingdom, the National Institute for Health and Care
Excellence (NICE) has set the threshold at £30,000
per 1.0 QALY [26, 27]. If the cost of treatment exceeds
a certain threshold, it may be deemed economically
unjustifiable, even when it offers clear clinical benefits.
The use of QALY is associated with several ethical and
methodological challenges. For instance, patients
with chronic illnesses or disabilities typically have
a lower baseline health status assessment, which
inevitably results in lower QALY estimates, effectively
introducing a discriminatory factor. This raises concerns
about the fairness of applying QALY in resource
allocation decisions, especially in cases involving the
preservation of life in patients with initially low quality
of life. Furthermore, the QALY methodology can lead
to situations where expensive interventions with
marginal QALY gains are rejected in favor of more cost-
effective measures that produce greater impact at the
population level [28]. This creates significant challenges
in decision-making for the treatment of orphan or
severe diseases, where the cost per 1.0 QALY may be
extraordinarily high due to the rarity or complexity of
the condition [29].

Even in the most developed countries, QALY has
limited applicability in the context of injuries in general,
and TSI in particular. This is due to inherent conflicts
involving both medical and legal considerations, primarily
rooted in the need to balance limited healthcare

resources with the patient’s right to receive necessary
medical care [30, 31].

In Ukraine, the QALY criterion has not yet been
adopted. However, in 2020, the country officially
introduced the Health Technology Assessment (HTA)
mechanism—a systematic process for evaluating the
clinical effectiveness, safety, economic feasibility,
and social impact of medical interventions. The
assessment is conducted by the State Expert Center
of the Ministry of Health of Ukraine, as regulated by
Resolution No. 1300 of December 23, 2020, “On the
Approval of the procedure for the state assessment
of health technologies” [32]. Nevertheless, neither in
Ukraine nor globally have mandatory algorithms or
protocols been developed for providing medical care to
patients with TSIs, existing guidelines remain merely
recommendatory in nature [33, 34].

Problems of standards and protocols

Mandatory recommendations for the treatment of
specific diseases, especially those as resource-intensive
as TSI, appear particularly promising for institutions that
fund healthcare services—such as insurance companies
or governmental health authorities. This approach
could promote a more rational allocation of financial
and medical resources, facilitate monitoring of their
utilization, prevent potential overspending, and ensure
effective planning. A commonly cited argument in favor
of implementing such guidelines is the improvement of
care quality and treatment outcomes through reduced
variability in clinical decision-making [4].

However, mandatory treatment protocols for TSI are
currently lacking due to several key factors. Firstly, these
injuries represent an extremely heterogeneous group of
clinical conditions, including varying degrees of spinal
instability, neurological deficits, soft tissue injuries, and
concomitant trauma. Capturing all such variables within
a single, universally applicable protocol is inherently
challenging [35]. Secondly, despite the traditional
diagnosis-driven approach in modern medicine, thereis a
gradual shift toward individualized treatment strategies,
wherein decisions are tailored to patient-specific factors
such as age, bone quality, overall health status, and
trauma characteristics. Universal mandatory protocols
risk limiting the flexibility required in complex or atypical
cases. Moreover, ethical and legal concerns are also
relevant [36].

Pronounced and inevitable disparities in resource
availability across regions within the same healthcare
system complicate the development of standardized
protocols. These include significant differences in staff
qualifications, access to advanced technologies, and
institutional capacity. For instance, high-cost, high-
resolution diagnostic equipment that may be available in
major referral centers is often inaccessible in peripheral
facilities, rendering certain mandatory recommendations
unfeasible in practice [37].

Mandatory protocols carry the risk of shifting
liability onto individual healthcare providers in situations
where strict adherence to such guidelines results in
complications or suboptimal outcomes [38]. In practice,
the legal implications of this vary. Physicians may be
accused of failing to address individual patient needs,
even when strictly following the guidelines, particularly
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in cases where the intervention proves ineffective or
leads to adverse effects, and the harmed party can
demonstrate that such outcomes were foreseeable. This
places healthcare professionals in a dilemma: whether
to adhere rigidly to protocols or to deviate in favor of
personalized care—potentially violating regulations [39].

At the level of protocol developers, responsibility
may fall on the institutions or experts involved in drafting
the guidelines, especially if the recommendations fail to
consider rare or atypical clinical scenarios. Outdated or
flawed protocols may carry reputational risks.

At the health system level, governmental or
regulatory authorities that mandate such protocols may
face criticism for insufficient due diligence, particularly
if the guidelines fail to reflect local conditions or are
inadequately adapted to clinical realities [40]. In such
cases, the greatest burden of negative consequences
tends to fall on the implementation tier—namely, the
individual clinician providing direct care. This asymmetry
of liability, as demonstrated by global practice, is often
a key reason why the medical community resists over-
standardization, especially when decision-makers are
not subject to clearly defined legal repercussions for
adverse outcomes [41-43].

Diagnosis-oriented and individualized

strategy

When considering the concept of individualization
in the context of the overall evolution of medicine,
and TSI in particular, it is important to note that its
gradual implementation reflects a shift from universal,
standardized treatment protocols toward more flexible,
targeted approaches that account for individual patient
characteristics [44]. Historically, medicine has evolved
from general empirical methods to evidence-based,
diagnosis-oriented strategies, and subsequently to
personalized solutions [45]. In the field of vertebrology,
especially in the management of TSI, individualization
comes to the forefront, as anatomical, physiological,
and psychosocial differences between patients can
significantly affect the choice of optimal treatment
tactics [46].

The traditional diagnosis-oriented strategy in
the surgical treatment of TSI is based on unified
classification principles derived from widely accepted
systems such as the AO Spine classification, and
the TLICS (Thoracolumbar Injury Classification and
Severity Score) and SLIC (Subaxial Cervical Spine
Injury Classification) scales for thoracolumbar and
subaxial cervical injuries, respectively. This approach
involves standardized protocols for diagnosis, timing,
surgical technique, and the extent of intervention
[47-49]. Based on the assessment of anatomical
localization, injury characteristics, degree of instability,
and presence of neurological deficits, the diagnosis-
oriented strategy enables surgeons to select optimal
implants and fixation methods according to a formally
defined injury type. This unification, shaped by years of
clinical experience, provides a convenient framework
for decision-making in typical cases, facilitates outcome
prediction, and promotes adherence to widely accepted
standards of care [50]. However, this approach targets
the "average" patient and does not always adequately
account for anatomical, physiological, and psychosocial
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differences that may substantially influence treatment
outcomes. Consequently, in some cases, this may lead
to insufficient or excessive surgical intervention, thereby
reducing the quality of results and increasing the risk
of complications [4]. A mechanism that can partially
mitigate these negative effects is the pre-defined
variability and adaptability of protocols. Nevertheless,
both TSI treatment recommendations and most
clinical guidelines lack clearly delineated boundaries
for acceptable deviations from the recommended
strategy. In cases involving pronounced patient-specific
characteristics or injuries that deviate significantly from
the "average", it becomes difficult to determine precisely
where acceptable protocol adaptation ends and protocol
violation begins—creating additional uncertainty and
risks in clinical decision-making [51].

However, the diagnosis-oriented strategy, which
aims to precisely define the nosological form of a disease
and relies on systematized clinical and diagnostic
criteria, has significantly simplified and standardized
the selection of optimal treatment tactics, while
simultaneously increasing the predictability of outcomes
in typical clinical scenarios. The use of evidence-based
medicine principles has made it possible to scientifically
substantiate this approach and achieve broad recognition
[52]. Through the systematic evaluation of clinical
research data and the application of statistical
methods, evidence-based medicine has provided the
necessary methodological foundation to compare the
efficacy and safety of different treatment algorithms,
thereby supporting the validity of a diagnosis-oriented
approach not only at the level of expert opinion but also
through objective and reproducible results. Overall,
a diagnosis-oriented strategy supplemented by an
evidence base enables physicians to make informed
decisions, better understand disease pathogenesis,
tailor treatment to individual patient characteristics, and
improve the quality of medical care. The accumulation
and systematization of numerous research findings,
which form the foundation of evidence-based medicine,
underscore the relevance of the so-called "average
patient" problem [53]. This issue arises from the fact
that the results obtained from studying large groups
of individuals reflect averaged indicators of treatment
efficacy and safety, thus masking individual differences
among study participants. Because clinical trials and
statistical analyses are primarily focused on the "mean"
value within a sample, real patients—with their unique
combinations of genetic traits, comorbidities, age,
lifestyle, and treatment responses—may fall outside the
scope of the "typical" scenario [54]. Such variability may
lead to a significant dispersion of treatment outcomes
even when the same therapeutic method is applied
[55]. Beyond the medical aspect, the "average patient"
problem has considerable economic implications. Within
a single classification category that prescribes uniform
therapy (whether pharmacological or surgical), a
subset of patients will inevitably receive overtreatment
(including diagnostics, rehabilitation, recommended
disability durations, etc.), while for another subset,
the same method will be insufficiently aggressive or
effective. As a result, the total cost of treatment may
increase, the efficiency of healthcare resource utilization
may decline, and the socio-economic burden on both
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patients and the healthcare system as a whole may
rise [56,57].

The described phenomenon can be illustrated using
spinal trauma as an example. Let us assume a cohort of
patients with AO Spine type A4 thoracolumbar injuries
is selected for analysis. These patients have confirmed
posterior ligamentous complex injuries without significant
neurological deficits or severe spinal canal compression
by bone fragments (5 points according to the TLICS
scale). For most such cases, the optimal treatment
strategy is transpedicular stabilization. However, within
this cohort, patients may differ significantly in terms of
sex, age, body mass index, lifestyle, anatomical level
of the injury, degree of vertebral body fragmentation,
bone mineral density, presence of comorbidities, and
other factors. All of these parameters are dynamically
interrelated and collectively determine an individual’s
conditional "severity" of disease, which, however, is not
considered in the AO Spine classification system. If we
plot this conditional severity of disease along the X-axis
within a single classification category, and the number
of patients along the Y-axis, we obtain a Gaussian
curve, representing a normal distribution. This follows
from the Central Limit Theorem, which states that if
a variable is formed as a sum of many independent
or weakly dependent random factors, the resulting
distribution tends toward normality [58]. The peak of
this curve corresponds to the "average patient" for whom
transpedicular stabilization presents the optimal balance
of risks and benefits (Fig. 1A). Patients within the central
range of the distribution receive the most appropriate
level of care, offering the best benefit-risk ratio.

However, in real-world clinical practice, individual
patient characteristics often diverge significantly from
the conditional "average." As we move away from the
center of the Gaussian curve in either direction, we
encounter scenarios that are not fully accounted for
by standard protocols. Patients in the "right tail" of
the distribution may find that the universal protocol is
insufficiently effective or surgically aggressive, leading to
underestimation of disease severity and, consequently,
inadequate treatment. An example would be the use
of short-segment fixation for TSI at the thoracolumbar
junction, which often results in construct failure and
pseudarthrosis [59]. Conversely, patients in the "left
tail" may receive overtreatment. For instance, successful
conservative management of type A4 fractures has
been documented in specific patient populations.
Clearly, performing surgery when it could be avoided
not only increases the risk of complications but is also
economically unjustified [60]. It is logical that, further
along the abscissa axis to the right, another cohort of
A4 fracture patients—those whose disease severity is
explicitly accounted for in clinical protocols, such as
those with neurological deficits—requires a different
therapeutic approach, namely decompression combined
with stabilization.

Two strategies can be employed to reduce episodes
of overtreatment in patients with TSI. The first involves
"shifting " the entire distribution curve toward less
aggressive interventions. This approach entails revising
standardized protocols to adopt more conservative or
minimally invasive procedures as the default. Such a
shift reduces surgical complications and the economic

burden of unnecessary operations [61]. However, this
carries the risk of undertreatment for patients whose
conditions significantly exceed the "average" severity
(right "tail " of the curve), resulting in increased likelihood
of reoperations, exacerbations, construct failures, and
prolonged rehabilitation (Fig. 1B). As a result, this group
is more likely to experience repeated interventions,
exacerbations, inability to stabilise, fragmentation of
structures, and a prolonged rehabilitation period. In
addition, the existence of a statistically established
"average patient" complicates the idea of "shifting" the
curve, since the entire logic of standardised protocols is
most often built around this averaged model [62]. The
"center" of the distribution is not merely an abstract
point on a curve but the outcome of large-scale data
analysis that underpins existing classifications, clinical
guidelines, and treatment algorithms. Any shift would
necessitate redefining the criteria that determine what
constitutes a "typical" case and "standard" therapy [63].

The second approach involves "narrowing" the curve
by applying stricter inclusion criteria and additional
patient stratification. In this case, individuals whose
specific characteristics (e.g., risk factors or presence
of multifactorial comorbidities) do not align with the
"typical" representative of the target category are
excluded from the general cohort. This results in a
more homogeneous group for which a standardized
protocol is genuinely effective. At the same time, this
approach reduces the risk of unjustifiably aggressive
therapy in "mild" cases, since patients with extremely
unfavorable or highly favorable clinical profiles are
excluded from the standard protocol and either referred
to specialized centers or offered alternative treatment
regimens. However, such stringent filtering narrows the
scope of the protocol, complicates patient routing, and
may lead to the exclusion of individuals who formally
meet the criteria but in reality require a different level
of care. Furthermore, reliable verification of clinical
status demands more comprehensive diagnostics, which
increases both time and resource expenditures [64].

Thus, "shifting" the curve toward less invasive
methods reduces the number of cases in which patients
are exposed to unnecessarily aggressive interventions,
but increases the risk of insufficient consideration of
individual factors in severely ill patients. Conversely,
"narrowing" the curve enhances the precision and
effectiveness of standard protocols for a narrowly
defined subgroup, but significantly increases the risk
of excluding patients who could have benefited from
the protocol, while also complicating diagnostic and
stratification processes.

Therefore, a standard protocol designed for the
"average patient" indeed delivers the most effective
outcomes for the majority of the population. Nevertheless,
as the diversity of clinical conditions increases, the
efficacy of such a protocol predictably diminishes—
especially at the "margins" of the distribution. The
very methodology underlying the development of
clinical practice guidelines implies that achieving 100%
treatment effectiveness for all patients is fundamentally
impossible, regardless of the expertise of healthcare
professionals, the quality of medical infrastructure, or
the resources invested in the diagnostic and therapeutic
process. Such a "universal" approach inevitably leaves a
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Fig. 1. Visual representation of the "average patient" problem

subset of patients with suboptimal treatment outcomes,
as their individual characteristics fall outside the
capabilities of an averaged clinical algorithm [65].

The Problem of classifications

Despite advances in diagnostic methods that provide
ample opportunities for detailed characterization and
assessment of injury severity, recent decades have
seen a trend toward simplification of spinal trauma
classification systems in vertebrology. This tendency
contradicts the logic of the aforementioned arguments.
The accumulation of data on the biomechanics and
morphology of traumatic injuries through imaging
technologies throughout the 20th century led to the
evolution of TSI grading schemes. Most researchers
aimed to enhance detail and precision in describing the
anatomical and biomechanical features of injuries to
facilitate optimal treatment strategies. Examples of such
classification systems include those proposed by F. Magerl
et al. for the thoracolumbar spine (1994) and by B. L.
Allen et al. for the subaxial cervical spine (1982) [66,67].
Some authors developed classification categories not
based on empirically documented and described injury
types, but rather on hypothetical ones predicted by
presumed mechanisms of trauma [68]. A pivotal historical
shift in the conceptualization of TSI classification
occurred with the attempt to unify all existing systems
of musculoskeletal injury classification, initiated by the
Association for the Study of Internal Fixation/Orthopaedic
Trauma Association (AO/OTA). This initiative culminated
in the development and global implementation of the
AO/OTA Fracture and Dislocation Classification, a system
based on a unified structural principle [69]. Within this
framework, each anatomical region is assigned a code—
“51” for the cervical spine, “"52" for the thoracic spine,
53" for the lumbar spine, and “54” for the sacrum.
Each region encompasses three primary injury types:
Type A (injuries involving only bony structures), Type B
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(combined injuries of bone and ligamentous structures),
and Type C (predominantly ligamentous injuries, possibly
with bony involvement and displacement). Each type
is further subdivided into subtypes (usually humbered
from 1 to 3, or more), reflecting increasing severity.
In addition, TSI classifications incorporate modifiers
assessing neurological deficits, involvement of facet
joints, and other pathological processes, allowing for
more precise injury characterization [70]. The widely
adopted AO Spine Subaxial Cervical Spine Classification
System and the AO Spine Thoracolumbar Spine
Classification System are in fact segments of this global
classification framework [47, 71].

One of the primary reasons for modifying the
concept of classifying traumatic injuries was the pursuit
of greater reproducibility and standardization. It is well
established that complex, multi-level schemes often
led to low inter-rater agreement—different specialists,
using the same classification system, could arrive at
different diagnoses and propose divergent treatment
strategies. In contrast, simplified systems based
on a few key factors (such as stability, neurological
status, and the condition of the ligamentous and
bony structures) offer improved reproducibility and
predictability of outcomes [72, 73].

In the context of evidence-based medicine, simplified
classifications are also more appropriate. Firstly, they
allow for the formation of large homogeneous patient
samples and facilitate the objective evaluation of
the effectiveness of specific treatment approaches.
Secondly, the results of multicenter studies and meta-
analyses that rely on such standardized classifications
are easier to compare across various institutions and
regions, thereby ensuring a higher level of evidentiary
strength. The simplicity and standardization of criteria
enable the development of clinical guidelines that can
subsequently serve as the foundation for protocols and
manuals aligned with evidence-based principles [74].
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It is assumed that excessive detail complicates
rapid decision-making and often fails to offer significant
advantages in treatment selection, particularly when
a swift and standardized approach is required [75].
Therefore, the current trend in TSI grading is oriented
toward a tactics-driven approach, with a notable shift in
emphasis toward practicality over precision [76].

Nonetheless, in the broader context of evidence-
based medicine and scientific research, simplified
assessment systems have limitations, as they may
obscure critical parameters that influence treatment
outcomes [77]. For example, in a previously analyzed
cohort of patients with B2 spinal trauma (type A4
vertebral body injuries) and a TLICS score of 5, one can
evaluate the efficacy of a specific treatment modality,
such as transpedicular fixation, using a set of defined
criteria. However, comparing the effectiveness of
different approaches based solely on these parameters
is challenging, and selecting the optimal treatment for
an individual patient becomes even more difficult [54].
Thus, while a simplified scoring system or classification
(albeit convenient for rapid diagnostics and statistical
analysis) does not provide a comprehensive answer to
the question of which treatment method would be most
effective for a given patient [78].

Optimizing treatment within the framework of
evidence-based medicine requires that standardized
protocols—although useful in generalized form—be
complemented by personalized criteria. This would
establish a more reliable foundation for comparing
various methods (e.g., transpedicular fixation, combined
surgical intervention, or conservative management) and
facilitate the selection of an approach most beneficial
to the patient [79].

Deontological challenges

The issue of the "average patient" remains a
key factor influencing the unconditional acceptance
of results from high-evidence-level studies [80].
Although this issue has accompanied evidence-based
medicine throughout its historical development, it
remains insufficiently recognized both among medical
professionals and the general public, leading to not
only medical but also deontological challenges [81, 82].
Modern patients often possess broad yet superficial
knowledge about available treatment options. With the
advancement of the internet and digital technologies,
information on medical procedures has become readily
accessible to a wide audience. Patients can quickly find
details about various diseases, diagnostic methods,
and treatments, thereby expanding their general
awareness [83]. However, not all available information
is of high quality or scientifically validated [83]. Many
sources provide incomplete, outdated, erroneous, or
deliberately distorted data, which results in a superficial
understanding of complex medical concepts [84].
Furthermore, even when high-quality information is
available, patients often face difficulties interpreting
it due to a lack of specialized knowledge. This almost
invariably leads to misinterpretation of medical
recommendations or suboptimal treatment choices
when such a choice is permitted. A further challenge
in today’s society is the active promotion of certain

medical methods and pharmaceutical products through
marketing campaigns and social media, which distorts
public perceptions of their effectiveness and safety.
Patients may be influenced by misleading reviews and
promotional promises, further complicating informed
decision-making about their care [85,86]. Moreover, the
popularity of evidence-based medicine as a trend, and
the perception of its standards as absolute dogma, often
leads to situations where deviations from established
protocols are viewed by patients or their relatives
as signs of professional incompetence, rather than
as attempts to adapt treatment to individual patient
characteristics and the capabilities of the healthcare
facility [87]. Similar situations arise during expert
evaluations of medical staff actions, where certain
flexibility in clinical approaches may be perceived as a
lack of professionalism or an absence of a clear treatment
strategy for a given nosological unit, despite the clinical
rationale behind such decisions [88].

Discussion

The concept of individualization is embedded within
the very foundation of evidence-based medicine. One of
its pioneers, Archie Cochrane, emphasized that evidence
is only useful insofar as it can guide the treatment of
individual patients [89,90]. His work highlighted the
need to differentiate between approaches aimed at
populations as a whole and those designed for individual
medical care. The former, according to Cochrane, should
serve primarily as the basis for developing general
recommendations or clinical protocols [91]. As a potential
solution, he proposed the use of subgroup analysis in
clinical research to determine how treatments affect
different patient categories [92].

The exponential growth in computational power
over recent decades, the development of new statistical
analysis techniques, and the adoption of previously
known but computationally intensive methods—such as
Bayesian approaches—have enabled a fundamentally
new level of patient-specific treatment adaptation. This
transition marks a shift from the physician's subjective
judgment in a given clinical situation to mathematically
and statistically grounded decision-making [93, 94].

A review of the literature has identified several
methodologies most commonly applied in the context
of personalized treatment strategies:

. regression analysis methods - used for
modeling and predicting relationships between variables.
This category includes linear regression, logistic
regression, multilevel (hierarchical) regression, and
Poisson regression [95, 96];

. survival analysis methods - focused on time-
to-event data, including Kaplan-Meier curves, Cox
proportional hazards models, and competing risks
models [97, 98];

. machine learning and artificial intelligence
methods - employed to process large datasets and
uncover complex nonlinear patterns. Key techniques
include decision trees, random forests, gradient
boosting, neural networks, and deep learning
algorithms [99, 100];

. bayesian methods - based on Bayes' theorem
for updating probabilities as new data becomes available.

http://theunj.org
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Examples include Bayesian networks, naive Bayes
classifiers, and Markov chain Monte Carlo (MCMC)
simulations [101, 102];

e cluster analysis methods - used to group
patients based on similar characteristics without
prior labeling. Common approaches include K-means
clustering, hierarchical clustering, and DBSCAN
(Density-Based Spatial Clustering of Applications with
Noise) [103, 104];

e feature selection methods - assist in identifying
the most informative variables for model building,
thereby reducing data dimensionality and preventing
overfitting. These include stepwise regression, LASSO
and Ridge regression, and feature importance-based
techniques [105].

While this list is by no means exhaustive, it
demonstrates the wide and diverse range of data analysis
methods available for identifying the most informative
predictors and their interactions. The appropriate
selection and application of such methods allow for the
development of effective, individualized treatment plans.

The findings presented in this review highlight
specific aspects of the rationale for developing
individualized approaches to treating a heterogeneous
condition such as TSI. It is emphasized that protocols
and standards based on the principles of evidence-based
medicine should not be seen as rigid doctrines but
rather as frameworks that define the general direction
of therapy, within which individualized treatment
plans are to be developed. The relevance of such
an approach is underscored by the growing body of
research demonstrating the effectiveness of advanced
models—particularly those using neural networks—not
only for diagnostic purposes but also for optimizing
therapeutic decision-making. Individualization provides
clear advantages not only in medical terms but also in
economic contexts, by contributing to reduced treatment
costs and more efficient use of healthcare resources—
thus addressing one of the pressing challenges of modern
healthcare systems.

Conclusions

An individualized approach to the treatment of TSI
represents a significant advancement in contemporary
medical practice. The preconditions discussed highlight
the necessity of shifting from standardized therapeutic
methods toward more flexible and tailored strategies
that account for the unique characteristics of each
patient. Personalizing TSI treatment not only enhances
the efficacy and safety of both surgical and conservative
interventions but also contributes to the development of
a more resilient and cost-effective healthcare system.
Ongoing advancements in technology and data analysis
methods support the refinement of these approaches,
enabling more precise and patient-centered care. The
relevance of research in this field is driven by the growing
societal demand for effective and economically sound
individualized medical solutions.
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