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Abstract

Osteoporotic vertebral fractures represent one of the most prevalent and clinically
significant complications of systemic osteoporosis, particularly in elderly patients.
Reduced bone mineral density compromises the mechanical stability of spinal
instrumentation and increases the risk of postoperative construct failure. This literature
review analyzes studies retrieved from PubMed, Scopus, and Web of Science databases
covering the period from January 2015 to April 2025. Included sources comprise original
articles, randomized controlled trials, meta-analyses, and systematic reviews focused on
the surgical treatment of osteoporotic vertebral fractures.

The review summarizes contemporary surgical strategies aimed at improving fixation
strength and optimizing clinical outcomes in patients with spinal osteoporotic lesions.
Special attention is given to cement-augmented pedicle screws, expandable and
fenestrated implants, cortical bone trajectory systems, as well as minimally invasive
procedures such as vertebroplasty and kyphoplasty.

Available evidence demonstrates that the use of bone cement significantly increases
pedicle screw pullout strength and reduces the incidence of postoperative complications.
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Kyphoplasty additionally enables partial deformity correction and provides effective

pain relief.

The findings highlight the importance of an individualized approach to surgical
planning, taking into account bone quality and anatomical characteristics of the affected
segment. Such tailored strategies are critical to reducing the risk of revision surgeries and
achieving stable, long-term functional outcomes.

Keywords: osteoporosis, pathological fracture, transpedicular fixation, cement
augmentation, expandable screws, bicortical fixation, kyphosis, vertebroplasty,

kyphoplasty.

1. Introduction

Osteoporosis is a major global health concern,
contributing significantly to the rising incidence of
vertebral body fractures resulting from decreased bone
mineral density and structural deterioration.

According to the Global Burden of Disease study
(2019) by the World Health Organization (WHO), an
estimated 8.6 million new cases and 5.3 million
prevalent cases of vertebral compression fractures were
reported worldwide. This marks a 38% increase since
1990, reflecting both the aging of the global population
and demographic expansion. Regional prevalence rates
vary, ranging from 18-26% among women in Europe to
9-24% in Asian countries [1].

The WHO as a priority non-communicable, age-
related disease, alongside cardiovascular and
oncological disorders, recognizes osteoporosis. It is
estimated that one in three women and one in five men
over the age of 50 will experience an osteoporotic
fracture during their lifetime, with vertebral fractures
being the most common site (World Health
Organization, 2021) [2].

This condition has a direct impact on diagnostic
and therapeutic decision-making in patients with
vertebral injuries. As life expectancy increases and
global populations continue to age, the incidence of
osteoporotic fractures is projected to rise further. This
trend is expected to result in higher rates of disability
and mortality, as well as an increasing burden on
healthcare systems worldwide [3-5].

Reduced bone mineral density is a key risk factor
for mechanical instability of the spinal segment during
surgical intervention. In addition to this, age-related
remodeling of bone tissue, degradation of the bone
matrix, and the presence of comorbid somatic
conditions further compromise the effectiveness of
conventional spinal fusion techniques. In this context,
the development and implementation of advanced
fixation methods, the use of innovative biomaterials,
and the application of both antiresorptive and anabolic
therapies aimed at enhancing bone metabolism have

gained increasing importance. Emerging strategies
incorporating elements of bioengineering and
personalized treatment planning allow for the
adaptation of surgical approaches to the patient’s
individual anatomical and functional characteristics,
thereby expanding the possibilities for stabilizing the
osteoporotic spine [6].

Global demographic shifts have led to a substantial
increase in spinal surgeries among elderly patients. For
example, in the United States alone, the rate of spinal
procedures among individuals covered by the Medicare
program increased more than fifteen-fold between 2001
and 2007. A significant proportion of these patients are
over the age of 50, with osteoporosis frequently
remaining underdiagnosed. It is estimated that up to
50% of women in this age group who undergo spinal
surgery exhibit signs of osteoporosis a prevalence
notably higher than in age-matched populations
without surgical intervention [7]. This highlights the
critical need for routine osteoporosis screening in this
patient cohort, as well as the timely initiation of
therapies aimed at reducing fracture risk and
improving surgical outcomes [8].

According to estimates from the WHO and leading
clinical societies as of 2021-2022, up to 70% of
osteoporotic ~ vertebral body fractures remain
undiagnosed in a timely manner, often due to their
asymptomatic nature or presentation with nonspecific
complaints. This underdiagnosis significantly increases
the risk of subsequent fractures and worsens long-term
outcomes [9].

Stabilizing surgical interventions are typically
indicated in the presence of specific factors, including
spondylolisthesis, severe pain associated with
degenerative scoliosis, the need for extensive or
multilevel decompression involving facet joint
resection, and in cases of recurrent spinal canal stenosis
[10].

Vertebral compression fractures, particularly at the
thoracolumbar junction, are highly prevalent among
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older adults. In patients with osteoporosis, bone
architecture is significantly disrupted: osteoblast
activity is reduced, the balance between bone formation
and resorption is impaired, and the osteoconductive
and osteointegrative properties of bone are diminished.

2. Methodology

We conducted this review in accordance with the
PRISMA 2020 guidelines (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses). We
searched the international bibliographic databases
PubMed, Scopus, and Web of Science for relevant
literature published between January 2015 and April
2025. To identify eligible studies, we used the

following keywords and their combinations:

/7]

“osteoporotic vertebral fracture”, “pathological spinal

fracture”, “cement augmentation”, “expandable
pedicle screws”, “bicortical fixation”,
“vertebroplasty”, “kyphoplasty” and

“instrumentation in osteoporosis”.

We included original studies, randomized
controlled trials (RCTs), meta-analyses, and systematic
reviews that focused on the surgical treatment of
pathological vertebral fractures associated with
systemic osteoporosis. Specifically, we considered
studies that examined spinal stabilization techniques

3. Results

Spinal instrumentation techniques are increasingly
used in the treatment of complex spinal deformities,
including scoliosis and degenerative kyphosis.
Epidemiological studies have shown that scoliotic
changes are present in 36-48% of women with
osteoporosis, and severe deformity is frequently
associated with significantly reduced bone mineral
density [12]. Research has demonstrated that the
pullout strength of pedicle screws in osteoporotic
patients is markedly reduced, primarily due to
microinstability within the vertebral body and poor
engagement of the screw with trabecular bone. These
factors contribute to construct failure in up to 12% of
cases, particularly in multilevel fixation procedures [13,
14].

Early postoperative complications (within three
months) include failure of fixation components,
epidural hematoma formation, and compression
fractures of adjacent vertebrae due to increased stress
on load-bearing segments [14, 15].

Late complications, typically occurring after the
three-month postoperative period, include non-union
(pseudarthrosis), secondary fractures, loosening of

These changes lead to reduced construct stability
during transpedicular fixation, an increased risk of
spinal fusion failure, subsequent compressive events,
and progressive spinal deformity [11].

involving transpedicular fixation, cement
augmentation, expandable or bicortical screws, and
minimally invasive procedures such as vertebroplasty
and kyphoplasty. We also reviewed biomechanical
studies that assessed construct stability and clinical
outcomes following surgery.

We excluded narrative reviews without original
data, case reports, letters to the editor, studies
involving traumatic or neoplastic fractures, and
articles that lacked a clear description of surgical
techniques.

From the included studies, we extracted data on
the type of intervention, characteristics of spinal
fixation, use of cement augmentation, clinical
outcomes  (including  refracture  rates and
complications), and radiological parameters such as
local kyphosis, vertebral body height, and construct

stability.

fixation screws, adjacent segment compression, and
severe pelvic pain, particularly when iliac screws are
used. Additional issues may include discogenic
herniation, facet joint collapse, and proximal junctional
kyphosis (PJK), which often develops at the interface
between rigidly fixated and mobile spinal segments
(Figures 1, 2).

Proximal junctional kyphosis is especially
common among elderly patients with sagittal
imbalance and osteoporosis, and it increases the risk of
postoperative spinal instability and the need for
revision surgery. Contributing factors include
mismatch between the level of construct termination
and physiological transition zones, as well as

insufficient fixation length.
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Figure 1 — (A) Axial CT scan and (B) sagittal reconstruction showing bone destruction around pedicle screws (indicated by
arrows), characteristic of pseudarthrosis; (C) sagittal CT image demonstrating implant subsidence. (Image from the author’s
personal archive)

Figure 2 — Bone resorption around pedicle screws observed 12 months after surgery.
(Image from the author’s personal archive)

Figure 3 — A 59-year-old female patient presented with lower back pain that began three months earlier following heavy lifting,
later accompanied by neurological symptoms in the form of lower limb paresis. (A) T2-weighted MRI shows signal loss in the Th8
vertebral body. (B) CT scan reveals kyphotic deformity and collapse of the Th8 superior endplate. (C) Postoperative CT
demonstrates posterior decompression, anterior spinal fusion using a V-LIFT cage, transpedicular fixation with vertebroplasty,
restoration of sagittal alignment, and decompression of the spinal canal. (Image from the author’s personal archive)

Osteoporosis is a major risk factor in spinal
surgery, particularly in multilevel-instrumented spinal
fusion procedures [13]. In patients over the age of 65
who undergo instrumentation involving five or more
spinal levels, the most frequently reported
complications include compression fractures of the
uppermost adjacent segment and the development of
kyphotic deformity, which occurs in approximately
28% of cases [16]. Several studies have further
confirmed that proximal junctional kyphosis (PJK) is
the most common complication following long-
segment spinal stabilization [17].

The Scoliosis Research Society defines PJK as a
Cobb angle of >20° between the upper-instrumented
vertebra and the two vertebrae above it (see Figure 3).
Clinicians have identified this deformity in up to 39% of
patients, most commonly between the sixth and eighth
postoperative weeks. Key risk factors include advanced
age, compromised bone quality, and marked
preoperative sagittal imbalance. Approximately one-
third of patients who develop PJK require revision
surgery within the first five months due to construct
failure and spinal instability.



Trauma & Ortho Kaz, 2025, 76 (3)

A preoperative thoracic kyphosis exceeding 30°
has been identified as an independent predictor of PJK,

while effective correction of sagittal imbalance can
reduce its incidence from 45% to 19% [18].

Surgical Strategies for Pathological Vertebral Fractures in Osteoporotic Patients

Osteoporosis ~ significantly compromises the
reliability of spinal fusion and the stability of implant
fixation, particularly in elderly patients with low bone
mineral density. In response, surgical strategies have
been specifically developed to improve stabilization
outcomes in this vulnerable population. When
determining the optimal surgical approach, it is
essential to account for common failure mechanisms

Extended Instrumentation Techniques

One of the most effective approaches to improving
construct stability in osteoporotic patients is the
extension of the transpedicular fixation zone. It is
generally recommended to span at least three vertebral
segments above and below the pathologically altered
level. This extended fixation enables more uniform
distribution of biomechanical loads and reduces stress
on individual screws, which is especially important in
the context of low bone mineral density. This technique
is particularly relevant for elderly patients with spinal
deformities, who are at increased risk of implant
loosening and loss of correction [6, 19, 20].

An additional reinforcement option involves the
use of hybrid systems that combine pedicle screws with
sublaminar wires or hooks. These combined constructs
enhance the overall mechanical stability of the system,
reduce the likelihood of micromotion at the fixation
points, and promote improved fusion formation.

associated with osteoporotic bone, such as poor screw
purchase, micro-instability at the bone-implant
interface, and early loss of fixation. Modern surgical
techniques focus on addressing these challenges
through a combination of mechanical augmentation,
fixation constructs,

extended and biologically

supportive interventions.

Despite their biomechanical advantages, hybrid
systems remain limited in widespread clinical use due
to technical complexity and increased operative time
[10].

The incorporation of cross-links into the construct
is also considered a method for improving stability.
Cross-links reduce rotational and axial forces acting on
the instrumentation system and may help prevent
screw migration or mechanical failure. Experimental
studies have demonstrated that even a single cross-link
can increase the construct’s resistance to torsional forces
and screw pullout, especially in multilevel stabilization
procedures [21]. However, in osteoporotic bone, the
efficacy of cross-links may be diminished due to the
reduced holding capacity of the weakened bone tissue,
necessitating a more cautious and individualized
approach to their use in this patient population.

Technical Modifications in Pedicle Screw Placement

The stability of pedicle screw fixation depends on
a range of factors, including the anatomical and
geometric characteristics of the vertebrae, bone quality,
and the structural design of the implants. As
highlighted in several studies [13, 22, 23], these
parameters form the foundation for achieving solid
screw anchorage and overall construct reliability.
Among these, bone mineral density plays a particularly
critical role, especially in osteoporotic patients.

Reduced bone density has a direct impact on the
mechanical strength of fixation. Zhou et al. [24]
demonstrated that a decrease of just 100 mg/cm? in bone
mineral density leads to a reduction in holding strength
by approximately 10 kPa. Other authors have similarly
confirmed a strong correlation between bone
mineralization levels and pedicle screw pullout
strength [25].

One of the most crucial technical steps in screw
placement is the creation of the pilot hole. In
osteoporotic bone, the selection of the pilot hole
diameter is especially important. An excessively wide
hole compromises thread engagement with the
surrounding bone, while a hole that is too narrow
increases insertional torque and raises the risk of
cortical damage, including potential pedicle fracture.
Therefore, pilot hole diameter and depth should be
optimized based on the patient’s individual
morphometric features and bone quality [22].

In standard cases, tapping the screw trajectory
before insertion helps maintain control and reduces the
risk of trajectory deviation. However, in osteoporotic
bone, this step may actually weaken fixation by
disrupting the already fragile trabecular structure.
Studies have shown that in the lumbar spine, inserting
screws without prior tapping or using smaller-diameter
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taps results in higher pullout strength, indicating better
screw—-bone interface stability. In contrast, this trend is
not observed in the thoracic spine, possibly due to
anatomical differences in vertebral morphology and
cortical distribution [25].

Thus, the technique of pedicle screw placement
should be adapted according to the surgical level, bone
mineral density, and the specific clinical context.
Optimizing pilot hole preparation and selecting an
appropriate tapping method are critical steps in
improving fixation reliability in osteoporotic bone.

Bicortical fixation is based on utilizing the
mechanical strength of the cortical bone layer, which
offers significantly greater resistance compared to
cancellous bone. This technique ensures more secure
anchorage of the implant compared to traditional
unicortical fixation, which primarily relies on trabecular
bone. The method involves the insertion of small-
diameter, fine-threaded screws that pass through the
dense cortical shell of the vertebral arch and articular
processes, rather than only through the cancellous core
of the vertebral body as in conventional transpedicular
fixation [26, 27]. A key feature of this technique is the
reversed screw trajectory — extending from the medial
surface near the spinal canal toward the lateral side —
which allows engagement of denser cortical regions.
This trajectory enhances implant bone interface
strength, improving construct stability and resistance to
micromotion and pullout.

However, extending screw trajectories near
neurovascular structures carries specific risks. These
include potential injury to the sacral sympathetic trunk,
major vessels (such as the aorta and inferior vena cava),
and intra-abdominal organs—particularly during
instrumentation near the lumbosacral junction [28].
Therefore, bicortical screw fixation is typically

Modification of Pedicle Screw Design

One of the key strategies for improving fixation
reliability in osteoporotic spines involves the
optimization of pedicle screw geometry. Increasing the
screw’s diameter and length enhances pedicle fill and
improves contact with the cortical bone. By enlarging
the surface area between the screw threads and the
surrounding bone, the implant achieves greater holding
strength an especially important consideration in
anatomically vulnerable regions such as the sacrum.
Studies have confirmed that longer and wider screws
exhibit superior mechanical stability and significantly
reduce the risk of construct failure, particularly in
osteoporotic conditions [19, 22, 25].

performed in anatomically safe zones, such as cranial or
ventral to the superior endplate of the S1 vertebra,
where the risk of intraoperative complications is
considerably lower.

Biomechanical studies have shown that bicortical
screw placement substantially enhances rotational
stability and pullout resistance under cyclic loading
conditions, outperforming traditional anteromedial
screw trajectories in terms of construct durability and
mechanical reliability [23-24].

In the sacral region, surgeons often utilize a
tricortical screw trajectory, directing the implant
toward the apex of the S1 promontory. This approach
enables simultaneous engagement of three cortical
surfaces—the posterior, lateral, and anteriosuperior
walls of the vertebral body. Despite their smaller
diameter and shorter length compared to conventional
pedicle screws, cortical screws achieve higher
insertional torque and demonstrate greater pullout
resistance in osteoporotic bone [23].

To date, only one randomized clinical trial has
evaluated the outcomes of traditional transpedicular
screw placement versus cortical screw trajectory.
According to the results, the rate of solid bone fusion
assessed by CT at 12 months postoperatively was 89.5%
(n =39) in the conventional technique group and 92.1%
(n = 38) in the cortical screw group. Moreover, no
significant differences were found between the groups
in terms of leg pain reduction or Oswestry Disability
Index scores. However, the cortical screw group
demonstrated significantly reduced intraoperative
blood loss, shorter operative times, and decreased
incision length advantages attributed to the fact that
cortical screw placement does not require exposure of
the facet joints [27].

Screws with conical geometry are of particular
interest. These implants feature either tapered
threading, a tapered core, or both. Screws with a
constant outer diameter and a tapered internal shaft
generate a stiffness gradient along their length, which
enhances thread engagement with the trabecular bone
inside the vertebral body. This design is especially
beneficial for patients with low bone mineral density,
where traditional cylindrical implants may fail to
provide adequate fixation. Experimental data indicate
that conical screws achieve higher pullout strength
compared to conventional screw designs under similar
loading conditions [29].
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In patients with severe osteoporosis, conventional
transpedicular fixation may prove insufficient for
achieving reliable stabilization. In such cases,
alternative approaches are considered, including the
Midline Lumbar Fusion (MidLF) technique, which
involves the placement of screws along a medial
trajectory that primarily engages dense cortical bone
structures.  This  technique reduces surgical
invasiveness while maintaining adequate mechanical
strength, particularly for short-segment constructs.

Another widely used method to enhance fixation

in osteoporotic bone is cement augmentation. This can

be performed via two main techniques: (1) injection of
polymethylmethacrylate (PMMA) cement through
cannulated, fenestrated screws; or (2) pre-filling the
prepared pilot hole with cement using a bone access
needle prior to screw insertion. In both methods, a
robust cement “mantle” forms around the screw,
significantly improving resistance to pullout and
mechanical loosening. This technique is especially
beneficial in vertebral bodies with severely
compromised bone quality, where intrinsic bone
retention is inadequate for safe screw implantation [30]

(Figure 4).

Figure 4 — (A) and (B) Cement augmentation in osteoporotic vertebral bodies using cannulated, fenestrated pedicle screws.
Intraoperative fluoroscopic images in lateral and anteroposterior projections. (Image from the author’s personal archive)

Transpedicular Fixation with Cement Augmentation

In recent years, the use of cement augmentation to
improve the stability of pedicle screw fixation in
osteoporotic spines has gained increasing attention.
This technique involves injecting bone cement—most
commonly polymethylmethacrylate (PMMA)—into the
trabecular bone to form a rigid mantle that redistributes
mechanical loads and compensates for the diminished
holding strength of osteoporotic bone. By creating a
stable interface with the vertebral architecture, PMMA
significantly increases screw pullout resistance, with
reported improvements ranging from two- to five-fold
compared to non-augmented constructs. These effects
have been consistently confirmed by in vitro
biomechanical studies and clinical outcomes in high-
risk patient cohorts [31]. Cement augmentation is
particularly indicated in patients with severely reduced

bone mineral density and intervertebral instability,
where standard fixation techniques often fail to achieve
adequate mechanical reliability.

Cement delivery techniques include: (1) the use of
cannulated, fenestrated screws that allow direct
injection of cement into the vertebral body; and (2) pre-
filling the screw channel with cement before inserting
the implant into the stabilized bone [32]. Both
approaches aim to improve the biomechanical strength
of the fixation and reduce the risk of construct failure.
However, the procedure requires strict adherence to
technical protocols and careful control of cement
dispersion, as there is a risk of extravasation into
venous plexuses, the spinal canal, or surrounding soft
tissues

Risks of Cement Augmentation and the Use of Expandable Screws

Despite its proven clinical efficacy, cement
augmentation carries several potential complications
related to the use of bone cement. The most frequently
reported adverse events include cement extravasation
into venous structures, which may lead to
thromboembolic events, and leakage into the spinal
canal, posing a risk of neural compression. However,

existing data suggest that most of these complications
are asymptomatic and are typically identified only
through postoperative imaging. Nevertheless, these
risks underscore the importance of strict adherence to
procedural protocols and continuous fluoroscopic
monitoring throughout all stages of cement injection
[33].
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Expandable Pedicle Screws

As part of the ongoing search for optimal surgical
solutions in the treatment of osteoporotic vertebral
fractures, screw designs with mechanically expandable
components have been developed and introduced into
clinical practice [34]. These screws are equipped with a
specialized mechanism that allows expansion of the
distal portion of the implant—located within the
vertebral body—after insertion. Notably, the pedicle
itself remains intact, preserving the external anatomical
contour and reducing the risk of intraoperative injury
(Figure 5).

The expansion mechanism compresses the
surrounding trabecular bone, resulting in local
densification and improved mechanical interlock with
the implant. Experimental studies have demonstrated
that expandable screw designs can increase pullout

strength by up to 50% compared to conventional screws
in osteoporotic bone [35]. Additional stability gains can
be achieved when expandable screws are combined
with cement augmentation, where cement is introduced
after expansion to form a dense mantle around the
implant.

Despite their clear biomechanical advantages,
expandable screws also present certain limitations. A
major drawback is the technical complexity of revision
procedures, particularly when implant removal is
necessary. The tight engagement between the expanded
component and the surrounding bone often makes
extraction challenging and potentially traumatic,
rendering revision surgeries more invasive and
associated with greater risk [34].

Figure 5 —CT images showing expandable pedicle screws (A) and (B). The arrow indicates the expansion
zone within the vertebral body [34]

Prevention of Kyphotic Spinal Deformities

One of the most challenging aspects of surgical
management in patients with osteoporotic changes is
the prevention of postoperative kyphosis, particularly
deformity [36].
According to the kyphoscoliosis classification, two

when combined with scoliotic
primary types are distinguished: Type I is characterized

predominantly by lumbar scoliosis without a
significant rotational component, while Type II
involves pronounced kyphotic curvature accompanied
by vertebral rotation and substantial torsional
imbalance [37]. For Type I deformities, short-segment
instrumentation is often sufficient to achieve local
stabilization. In contrast, Type II kyphoscoliosis
typically requires long-segment fixation that addresses
both angular deformity and rotational imbalance.

The optimal surgical strategy for these complex
deformities remains a topic of ongoing debate.
However, most authors emphasize the importance of

thorough neural decompression to achieve durable

clinical outcomes. The prevailing surgical approach for
severe deformities includes multilevel laminectomy
followed by transpedicular fixation (TPF) that spans
either the entire deformity or the most unstable
segments [38].

To date, there is no universally accepted strategy
for preventing postoperative kyphotic progression.
However, both clinical experience and evidence from
the literature highlight several principles that may
reduce the risk of secondary kyphosis. These include
contouring the support rod to restore physiological
sagittal alignment based on the patient’s preoperative
kyphosis; using transverse process hooks on the
uppermost vertebrae to enhance terminal construct
stability; and avoiding fixation across segments with
pre-existing kyphotic deformity unless required for
neural decompression. Preoperative assessment of bone
density is
osteoporotic bone is a strong predictor of both construct

mineral particularly important, as
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failure and postoperative deformity progression.
Osteoporosis management prior to surgery is
essential

considered  an component of the

multidisciplinary  approach. ~Among additional

Clinical Approach and Case Observation

At our center, we apply a comprehensive
management protocol for patients with degenerative
kyphoscoliosis complicated by osteoporotic changes.
The surgical strategy involves thorough decompression
of neural elements within the spinal canal and long-
segment stabilization, either using transpedicular
systems or Midline Lumbar Fusion (MidLF) constructs,
depending on the anatomical and functional
characteristics of each case.

All procedures were performed under operative
microscopic visualization and included laminectomy
minimize

instruments to

using  microsurgical

preventive strategies, prophylactic vertebroplasty of
one or two levels above the instrumentation has been
proposed to reduce the risk of fractures and structural
failure in vulnerable adjacent segments.

neurological risks. As an illustrative example, we
present a clinical case from our practice involving a late
complication following percutaneous vertebroplasty.
The patient presented with progressive lumbar spinal
deformity and segmental instability that developed
after a previously performed minimally invasive
procedure. A combined surgical strategy was
employed, consisting of transpedicular fixation,
kyphotic ~ deformity  correction, and cement
augmentation of structurally compromised segments.

Further details are provided in Figure 6.

Figure 6 — Preoperative CT images demonstrating a type A3 compression fracture of the L1 vertebral body with spinal cord
compression (A, B). Postoperative CT scans obtained on postoperative day 1(C, D)

Minimally invasive techniques for vertebral body
reinforcement, such as vertebroplasty and kyphoplasty,
have become widely adopted in the treatment of
osteoporotic compression fractures, particularly in
elderly patients. These image-guided procedures are
performed percutaneously via a transpedicular
approach and allow for effective spinal stabilization
without the need for open surgery. Initially introduced
for the management of vascular spinal tumors—
specifically vertebral hemangiomas —these techniques
were later successfully adapted to alleviate pain
associated with osteoporotic fractures and to prevent
further vertebral body collapse [39]. Under real-time
imaging guidance (fluoroscopy or CT navigation), a
cannulated needle is inserted into the affected vertebra,
through which polymethylmethacrylate (PMMA) bone
cement is slowly injected. The cement infiltrates the
trabecular bone and hardens, stabilizing the fracture
site. This process leads to rapid pain relief by reducing

micromotion and restoring the vertebral body’s axial
load-bearing capacity [38, 39].

Kyphoplasty modifies traditional vertebroplasty
by introducing an inflatable balloon prior to cement
injection. Surgeons insert the balloon into the vertebral
body and carefully inflate it to partially restore
vertebral height and morphology, reduce kyphotic
deformity, and create a contained cavity for safer
cement delivery. After removing the balloon, they fill
the cavity with high-viscosity cement under low
pressure, which significantly lowers the risk of
extravasation beyond the vertebral body. Both
techniques reinforce structurally weakened vertebrae,
relieve pain, stabilize the axial spinal column, and
improve patient mobility and quality of life. Clinical
studies and practical experience consistently support
the safety and effectiveness of vertebroplasty and
kyphoplasty in treating osteoporotic vertebral
compression fractures, especially in patients without
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neurological deficits or severe segmental instability.
Figure 7 presents a clinical example demonstrating
successful use of this approach in a patient with an

osteoporotic fracture complicated by spinal deformity

and pain.

Figure 7 — Preoperative CT scans of a patient with a pathological vertebral fracture due to osteoporosis in the remote period after
vertebroplasty (A, B). Postoperative CT scans obtained on day 2 following revision surgery (C, D, E).
(Image from the author’s personal archive)

Extensive clinical research and guidelines from
leading professional organizations confirm that
vertebroplasty and kyphoplasty are safe, effective, and
evidence-based treatment options for patients with
symptomatic osteoporotic or neoplastic vertebral
fractures, provided that proper indications and
procedural standards are followed [32].

These interventions are particularly appropriate in
cases where conservative treatment fails to adequately

4. Discussion

A review of the literature indicates that surgical
treatment of osteoporotic vertebral body fractures
presents a number of biomechanical, technical, and
prognostic challenges, requiring a comprehensive and
individualized approach to the selection of stabilization
methods. All current techniques offer both advantages
and limitations, which depend on bone quality, the

control pain, leading to reduced mobility, deterioration
of general condition, and diminished quality of life. Due
to their minimally invasive nature, rapid recovery, and
high likelihood of clinical improvement, vertebroplasty
and kyphoplasty remain valuable tools in the
management of compression fractures associated with
systemic osteoporosis.

anatomical level of the lesion, and specific clinical
indications.

Open transpedicular fixation remains the standard
approach in cases of severe instability, spinal canal
stenosis, or multilevel deformity. However, in elderly
patients with osteoporosis, this technique is associated
with a high complication rate. The most common
complications include screw loosening, nonunion
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(pseudarthrosis), and proximal junctional kyphosis
(PJK), which has been reported in up to 39% of cases
involving long-segment constructs [17]. Extending the
fixation span and incorporating additional stabilizing
elements, such as hybrid constructs, may partially
reduce these risks but at the cost of increased
invasiveness and additional stress on adjacent
segments [21]. Furthermore, the mechanical strength of
conventional screws remains limited in osteoporotic
bone due to reduced thread engagement with the
trabecular structure [22-24].

Expandable pedicle screws represent a logical
evolution in improving implant anchorage without the
need for cement augmentation. These screws have
demonstrated superior pullout resistance and
compressive stability through mechanical expansion
within the trabecular bone following insertion [33].
They are particularly beneficial in patients with severe
osteoporosis for whom cement use is undesirable.
However, their widespread adoption is limited by high
cost, lack of universality, and technical difficulties
during implant removal. Additionally, the current
literature lacks sufficient long-term follow-up data to
definitively recommend these devices as a first-line
option.

Minimally invasive techniques vertebroplasty and
kyphoplasty have demonstrated high efficacy in the
treatment of stable osteoporotic compression fractures
deficits.  Their
advantages include rapid pain relief, restoration of

without neurological primary
mobility, and a low invasiveness profile [38, 39].
Kyphoplasty offers additional control over vertebral
body deformation through the use of an inflatable
balloon. However, both procedures have limitations in
cases of instability, significant kyphosis, or neural
compression, where they fail to provide sufficient
segmental stabilization [3, 27].

In this context, cement augmentation remains one
of the most effective strategies for enhancing fixation
strength. Randomized trials have shown that vertebral
body cementation increases pedicle screw pullout
strength by a factor of 2 to 5 and helps maintain
construct stability even in the presence of low bone

5. Conclusions

Osteoporosis significantly complicates the surgical
management of spinal disorders by increasing the risk
of instability and postoperative complications. This
necessitates the adaptation of stabilization strategies
based on bone quality. Contemporary techniques—
including cement augmentation, expandable and

mineral density [30, 35]. The use of cannulated,
fenestrated screws for intravertebral cement delivery
has proven effective in reducing micromotion and
preventing screw failure [4, 32]. Nevertheless, this
technique requires strict adherence to procedural
protocols, as the main concern lies in the risk of cement
extravasation into venous structures or the spinal canal,
which may lead to embolic complications [31].

Several studies have demonstrated that the
optimal strategy for managing unstable osteoporotic
fractures involves combining transpedicular fixation
with cement augmentation of the screws and/or
vertebral bodies. This approach provides high
biomechanical stability, reduces the risk of screw
loosening — particularly in the lumbar spine and lowers
the likelihood of adjacent-level kyphotic deformity
when the fixation termination level is appropriately
planned [6, 30]. Comparative studies have shown that
short constructs involving four vertebrae, when
supported by cement augmentation, offer stabilization
outcomes comparable to those of traditional long-
segment constructs, while also resulting in fewer
surgical complications, reduced intraoperative blood
loss, and shorter operative times [26, 12].

From the perspectives of effectiveness, safety, and
accessibility, cement-augmented transpedicular
fixation currently represents one of the most rational
and balanced surgical options for treating osteoporotic
fractures—particularly in elderly patients with
significantly reduced bone mineral density. When
combined with minimally invasive techniques, such as
vertebroplasty at the affected level, this method further
enhances construct stability while minimizing surgical
trauma [35].

However, surgical intervention alone is not
sufficient to ensure long-term clinical success.
Comprehensive treatment must also include
osteoporosis-targeted pharmacotherapy and structured
rehabilitation. A multidisciplinary approach remains
the only reliable strategy to reduce the risk of recurrent
fractures, improve patient quality of life, and minimize
disability in this high-risk population [8, 5].

fenestrated screws, and minimally invasive
procedures—have improved fixation reliability and
clinical outcomes. The growing number of surgeries for
osteoporotic fractures reflects not only the increasing
prevalence of the condition but also advancements in

surgical technology. Combined approaches, such as
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transpedicular fixation with vertebroplasty, have
proven effective in reducing construct failure,
particularly in elderly patients with severe
osteoporosis. Percutaneous techniques for stable
fractures demonstrate clinical outcomes comparable to
those of open surgery while offering lower surgical
morbidity. However, no technique can be considered
complete without achieving stable spinal fusion. Only
the integration of surgical, pharmacological, and

rehabilitative strategies can ensure safe and long-term
recovery in patients with osteoporotic spinal pathology.

Conflict of Interest: The authors declare no
conflicts of interest.

Financing. None.

Author Contributions: Conceptualization — N.A,,
D.B.; Methodology - T.K., A.K,; Validation - T.K., V.A,,
Kh.M.; Formal Analysis — N.A., M.O., RM.; Writing —
Original Draft Preparation — N.A., G.K., D.B.; Writing —

Review & Editing - G.K,, D.B., Zh.T.

References

1. Ballane, G., Cauley, J. A., Luckey, M. M., & El-Hajj Fuleihan, G. (2017). Worldwide prevalence and incidence
of osteoporotic vertebral fractures. Osteoporosis International, 28, 1531-1542. https://doi.org/10.1007/s00198-017-3909-3
2. Skjedt, M. K., & Abrahamsen, B. (2023). New insights in the pathophysiology, epidemiology, and response to

treatment of osteoporotic vertebral fractures. The Journal of Clinical Endocrinology & Metabolism, 108(11), e1175-e1185.
https://doi.org/10.1210/clinem/dgad256

3. Yaman, O., Zileli, M., & Sharif, S. (2022). Decompression and fusion surgery for osteoporotic vertebral

fractures: WFNS spine committee recommendations. Journal of Neurosurgical Sciences, 66(4), 327-334.
https://doi.org/10.23736/s0390-5616.22.05640-5

4. Prost, S., Pesenti, S., Fuentes, S., Tropiano, P., & Blondel, B. (2021). Treatment of osteoporotic vertebral
fractures. Orthopaedics & Traumatology: Surgery & Research, 107(1), 102779. https://doi.org/10.1016/j.otsr.2020.102779

5. Zileli, M., Fornari, M., Parthiban, J., & Sharif, S. (2022). Osteoporotic vertebral fractures: WFNS Spine
Committee Recommendations. Journal of Neurosurgical Sciences, 66(4), 279-281. https://doi.org/10.23736/s0390-
5616.22.05771-x

6. Guo,D.Q, Yu, M, Zhang, S. C,, Tang, Y. C, Tian, Y., Li, D. X,, & Liang, D. (2019). Novel surgical strategy for
treating osteoporotic vertebral fractures with cord compression. Orthopaedic Surgery, 11(6), 1082-1092.
https://doi.org/10.1111/05.12558

7. Zollinger, C., Landauer, F., & Trieb, K. (2025). Literaturrecherche zur Kyphoplastie als Behandlung
osteoporotischer Frakturen an der Wirbelsaule. Die Orthopidie, 1-6. https://doi.org/10.1007/s00132-025-04648-1

8. Dimar, J., Bisson, E. F., Dhall, S., Harrop, J. S., Hoh, D. J.,, Mohamed, B., ... & Mummaneni, P. V. (2021).
Congress of neurological surgeons systematic review and evidence-based guidelines for perioperative spine:
519-525.

preoperative assessment.
https://doi.org/10.1093/neuros/nyab317
9. Muzzammil, M., Bhura, S., Hussain, A. S., Bashir, S., Muhammad, S. D., Kumar, M,, ... & Shah, S. G. M. (2024).

Undiagnosed vertebral fragility fractures in patients with distal radius fragility fractures: an opportunity for

osteoporosis Neurosurgery, 89(Supplement_1),

prevention of morbimortality in osteoporotic patients in developing countries. Osteoporosis International, 35(10), 1773-
1778. https://doi.org/10.1007/s00198-024-07149-7
10.Spiegl, U., Jarvers, J. S., Heyde, C. E., & Josten, C. (2017). Osteoporotic vertebral body fractures of the

thoracolumbar spine: indications and techniques of a 360°-stabilization. European journal of trauma and emergency
surgery : official publication of the European Trauma Society, 43(1), 27-33. https://doi.org/10.1007/s00068-016-0751-9
11.Schnake, K. J., Blattert, T. R.,, Hahn, P., Franck, A., Hartmann, F., Ullrich, B., Verheyden, A., Mork, S.,
Zimmermann, V., Gonschorek, O., Miiller, M., Katscher, S., Saman, A. E., Pajenda, G., Morrison, R., Schinkel, C., Piltz,
S., Partenheimer, A., Miiller, C. W., Gercek, E. Spine Section of the German Society for Orthopaedics and Trauma



https://doi.org/10.1007/s00198-017-3909-3
https://doi.org/10.1210/clinem/dgad256
https://doi.org/10.23736/s0390-5616.22.05640-5
https://doi.org/10.1016/j.otsr.2020.102779
https://doi.org/10.23736/s0390-5616.22.05771-x
https://doi.org/10.23736/s0390-5616.22.05771-x
https://doi.org/10.1111/os.12558
https://doi.org/10.1007/s00132-025-04648-1
https://doi.org/10.1093/neuros/nyab317
https://doi.org/10.1007/s00198-024-07149-7
https://doi.org/10.1007/s00068-016-0751-9

Trauma & Ortho Kaz, 2025, 76 (3)

(2018). Classification of Osteoporotic Thoracolumbar Spine Fractures: Recommendations of the Spine Section of the
German Society for Orthopaedics and Trauma (DGOU). Global spine journal, 8(2 Suppl), 465-49S.
https://doi.org/10.1177/2192568217717972

12.Huang, Y. S., Hao, D. ], Wang, X. D., Sun, H. H., Du, J. P, Yang, ]. S., Gao, J., & Xue, P. (2018). Long-Segment
or Bone Cement-Augmented Short-Segment Fixation for Kummell Disease with Neurologic Deficits? A Comparative
Cohort Study. World neurosurgery, 116, e1079—-e1086. https://doi.org/10.1016/j.wneu.2018.05.171

13. Hosogane, N., Nojiri, K., Suzuki, S., Funao, H., Okada, E., Isogai, N., Ueda, S., Hikata, T., Shiono, Y., Watanabe,
K., Watanabe, K., Kaito, T., Yamashita, T., Fujiwara, H., Nagamoto, Y., Terai, H., Tamai, K., Matsuoka, Y., Suzuki, H.,

Nishimura, H., ... Ishii, K. (2019). Surgical Treatment of Osteoporotic Vertebral Fracture with Neurological Deficit-A
Nationwide  Multicenter Study in Japan. Spine surgery and related  research, 3(4), 361-367.
https://doi.org/10.22603/ssrr.2019-0004

14.Hinde, K., Maingard, J., Hirsch, J. A., Phan, K., Asadi, H., & Chandra, R. V. (2020). Mortality Outcomes of
Vertebral Augmentation (Vertebroplasty and/or Balloon Kyphoplasty) for Osteoporotic Vertebral Compression
Fractures: A Systematic Review and Meta-Analysis. Radiology, 295(1), 96-103.
https://doi.org/10.1148/radiol.2020191294

15. Lechtholz-Zey, E. A., Ayad, M., Gettleman, B. S., Mills, E. S., Shelby, H., Ton, A. T, Shah, 1., Wang, ]. C., Hah,
R.J., & Alluri, R. K. (2024). Systematic Review and Meta-Analysis of the Effect of Osteoporosis on Reoperation Rates

and Complications after Surgical Management of Lumbar Degenerative Disease. Journal of bone metabolism, 31(2), 114—
131. https://doi.org/10.11005/jbm.2024.31.2.114

16. Watanabe, K., Katsumi, K., Ohashi, M., Shibuya, Y., Hirano, T., Endo, N., Kaito, T., Yamashita, T., Fujiwara,
H., Nagamoto, Y., Matsuoka, Y., Suzuki, H., Nishimura, H., Terai, H., Tamai, K., Tagami, A., Yamada, S., Adachi, S.,

Yoshii, T., Ushio, S., ... Ishii, K. (2019). Surgical outcomes of spinal fusion for osteoporotic vertebral fracture in the

thoracolumbar spine: Comprehensive evaluations of 5 typical surgical fusion techniques. Journal of orthopaedic science :

official journal of the Japanese Orthopaedic Association, 24(6), 1020-1026. https://doi.org/10.1016/j.jos.2019.07.018
17.Wang, T., Wang, ]., Hu, X., Hao, K, Xiang, G., Wu, Z., Ma, Z,, Li, T., Chen, Y., Zhao, X, Zhang, Y., Ma, T., Ren,

J., Lei, W., & Feng, Y. (2023). Diabetes-related Screw Loosening: The Distinction of Surgical Sites and the Relationship

among Diabetes, Implant Stabilization and Clinical Outcomes. Orthopaedic surgery, 15(12), 3136-3145.
https://doi.org/10.1111/05.13915
18. Gupta, A., Upadhyaya, S., Cha, T., Schwab, J., Bono, C., & Hershman, S. (2019). Serum albumin levels predict

which patients are at increased risk for complications following surgical management of acute osteoporotic vertebral

compression fractures. The spine journal: official journal of the North American Spine Society, 19(11), 1796-1802.
https://doi.org/10.1016/j.spinee.2019.06.023

19.Yang, B., Xu, L., Zhou, Q., Qian, Z., Wang, B., Zhu, Z., Qiu, Y., & Sun, X. (2022). Relook into the Risk Factors
of Proximal Junctional Kyphosis in Early Onset Scoliosis Patients: Does the Location of Upper Instrumented Vertebra
in Relation to the Sagittal Apex Matter?. Orthopaedic surgery, 14(8), 1695-1702. https://doi.org/10.1111/0s.13380

20. Burguet Girona, S., Ferrando Meseguer, E., & Maruenda Paulino, J. I. (2022). Minimally invasive surgical

treatment options for osteoporotic vertebral fractures OF4. Opciones de tratamiento quirdrgico minimamente invasivo
en las fracturas vertebrales osteoporoticas OF4. Revista espanola de cirugia ortopedica y traumatologia, 66(2), 86-94.
https://doi.org/10.1016/j.recot.2021.07.009

21.Han, L., Yang, H., Li, Y., Li, Z, Ma, H., Wang, C., Yuan, J., Zheng, L., Chen, Q., & Lu, X. (2022). Biomechanical
Evaluation of the Cross-link Usage and Position in the Single and Multiple Segment Posterior Lumbar Interbody
Fusion. Orthopaedic surgery, 14(10), 2711-2720. https://doi.org/10.1111/0s.13485



https://doi.org/10.1177/2192568217717972
https://doi.org/10.1016/j.wneu.2018.05.171
https://doi.org/10.22603/ssrr.2019-0004
https://doi.org/10.1148/radiol.2020191294
https://doi.org/10.11005/jbm.2024.31.2.114
https://doi.org/10.1016/j.jos.2019.07.018
https://doi.org/10.1111/os.13915
https://doi.org/10.1016/j.spinee.2019.06.023
https://doi.org/10.1111/os.13380
https://doi.org/10.1016/j.recot.2021.07.009
https://doi.org/10.1111/os.13485

Trauma & Ortho Kaz, 2025, 76 (3)

22.Mandelka, E., Gierse, J., Zimmermann, F., Gruetzner, P. A., Franke, J., & Vetter, S. Y. (2023). Implications of
navigation in thoracolumbar pedicle screw placement on screw accuracy and screw diameter/pedicle width ratio.
Brain & spine, 3, 101780. https://doi.org/10.1016/j.bas.2023.101780

23.Lee, G.W,, Son, J. H,, Ahn, M. W., Kim, H. J., & Yeom, J. 5. (2015). The comparison of pedicle screw and cortical
screw in posterior lumbar interbody fusion: a prospective randomized noninferiority trial. The spine journal: official
journal of the North American Spine Society, 15(7), 1519-1526. https://doi.org/10.1016/j.spinee.2015.02.038

24.Zhou, C. S, Xu, Y. F.,, Zhang, Y., Chen, Z.,, & Lv, H. (2014). Biomechanical testing of a unique built-in
expandable anterior spinal internal fixation system. BMC musculoskeletal disorders, 15, 424. https://doi.org/10.1186/1471-
2474-15-424

25.Roth, S., Oberthiir, S., Sehmisch, S., & Decker, S. (2024). Osteoporotische Wirbelkorperfrakturen der Brust-
und Lendenwirbelsédule [Osteoporotic vertebral fractures of the thoracic and lumbar spine]. Unfallchirurgie (Heidelberg,
Germany), 127(4), 263-272. https://doi.org/10.1007/s00113-023-01407-9

26. Shafiekhani, P., Darabi, M., Jajin, E. A., & Shahmohammadi, M. (2023). Pedicle Screw Fixation With Cement

Augmentation Versus Without in the Treatment of Spinal Stenosis Following Posterior Spinal Fusion Surgery,

Superiority According to Bone Mineral Density: A Three-Arm Randomized Clinical Trial. World neurosurgery, 180,
e266—e273. https://doi.org/10.1016/j.wneu.2023.09.050
27.Spirig, J. M., Winkler, E., Cornaz, F., Fasser, M. R,, Betz, M., Snedeker, J. G., Widmer, J., & Farshad, M. (2021).

Biomechanical performance of bicortical versus pericortical bone trajectory (CBT) pedicle screws. European spine

journal: official publication of the European Spine Society, the European Spinal Deformity Society, and the European Section of
the Cervical Spine Research Society, 30(8), 2292-2300. https://doi.org/10.1007/s00586-021-06878-1

28.Hosogane, N., Nojiri, K., Suzuki, S., Funao, H., Okada, E., Isogai, N., Ueda, S., Hikata, T., Shiono, Y., Watanabe,
K., Watanabe, K., Kaito, T., Yamashita, T., Fujiwara, H., Nagamoto, Y., Terai, H., Tamai, K., Matsuoka, Y., Suzuki, H.,

Nishimura, H., ... Ishii, K. (2019). Surgical Treatment of Osteoporotic Vertebral Fracture with Neurological Deficit-A
Nationwide Multicenter Study in Japan. Spine surgery and  related  research, 3(4), 361-367.
https://doi.org/10.22603/ssrr.2019-0004

29. Abishev, N. (2022). Hirurgicheskoe lechenie pereloma pojasnichnogo otdela pozvonochnika na fone

sistemnogo osteoporoza. Klinicheskij sluchaj. Traumatology and Orthopaedics of Kazakhstan, 29-34. (Surgical Treatment
of a Fracture of the Lumbar Spine Associated with Systemic Osteoporosis. Clinical case) [in Russian].
https://doi.org/10.52889/1684-9280-2022-3-64-29-34

30.Song, Z., Zhou, Q. Jin, X.,, & Zhang, J. (2023). Cement-augmented pedicle screw for thoracolumbar

degenerative diseases with osteoporosis: a systematic review and meta-analysis. Journal of orthopaedic surgery and
research, 18(1), 631. https://doi.org/10.1186/s13018-023-04077-w

31.Bousson, V., Hamze, B., Odri, G., Funck-Brentano, T., Orcel, P., & Laredo, J. D. (2018). Percutaneous Vertebral
Augmentation Techniques in Osteoporotic and Traumatic Fractures. Seminars in interventional radiology, 35(4), 309-323.
https://doi.org/10.1055/s-0038-1673639

32.Pawar, A., Badhe, V., & Gawande, M. (2022). Treatment of Osteoporotic Compression Fractures at

Thoracolumbar Spine With Neurodeficit: Short-Segment Stabilization With Cement-Augmented Fenestrated Pedicle
Screws and Vertebroplasty by Minimally Invasive Percutaneous Technique. International journal of spine surgery, 16(3),
465-471. https://doi.org/10.14444/8243

33. Fischer, C. R, Hanson, G., Eller, M., & Lehman, R. A. (2016). A Systematic Review of Treatment Strategies for
Degenerative Lumbar Spine Fusion Surgery in Patients With Osteoporosis. Geriatric orthopaedic surgery & rehabilitation,
7(4), 188-196. https://doi.org/10.1177/2151458516669204



https://doi.org/10.1016/j.bas.2023.101780
https://doi.org/10.1016/j.spinee.2015.02.038
https://doi.org/10.1186/1471-2474-15-424
https://doi.org/10.1186/1471-2474-15-424
https://doi.org/10.1007/s00113-023-01407-9
https://doi.org/10.1016/j.wneu.2023.09.050
https://doi.org/10.1007/s00586-021-06878-1
https://doi.org/10.22603/ssrr.2019-0004
https://doi.org/10.52889/1684-9280-2022-3-64-29-34
https://doi.org/10.1186/s13018-023-04077-w
https://doi.org/10.1055/s-0038-1673639
https://doi.org/10.14444/8243
https://doi.org/10.1177/2151458516669204

Trauma & Ortho Kaz, 2025, 76 (3)

34. Gazzeri, R., Roperto, R., & Fiore, C. (2016). Surgical treatment of degenerative and traumatic spinal diseases
with expandable screws in patients with osteoporosis: 2-year follow-up clinical study. Journal of neurosurgery. Spine,
25(5), 610-619. https://doi.org/10.3171/2016.3.SPINE151294

35.Diaz-Romero Paz, R., & Reimunde Figueira, P. (2018). Osteoporosis y cirugia de raquis: estrategias de
tratamiento médico. Revista de Osteoporosis y Metabolismo Mineral, 10(1), 41-54. https://dx.doi.org/10.4321/s1889-
836x2018000100007

36.Ma, N., Tang, X,, Li, W,, Xiong, Z., Yan, W., Wang, J., Gu, T., & Tan, M. (2023). Is coronal imbalance in
degenerative lumbar scoliosis patients associated with the number of degenerated discs? A retrospective imaging
cross-sectional study. BMC musculoskeletal disorders, 24(1), 414. https://doi.org/10.1186/s12891-023-06558-9

37.Yasuda, T., Kawaguchi, Y., Suzuki, K., Nakano, M., Seki, S., Watabnabe, K., Kanamori, M., & Kimura, T. (2017).
Five-year follow up results of posterior decompression and fixation surgery for delayed neural disorder associated
with osteoporotic vertebral fracture. Medicine, 96(51), €9395. https://doi.org/10.1097/MD.0000000000009395

38.Chandra, R. V., Maingard, J., Asadi, H., Slater, L. A., Mazwi, T. L., Marcia, S., Barr, ]., & Hirsch, J. A. (2018).
Vertebroplasty and Kyphoplasty for Osteoporotic Vertebral Fractures: What Are the Latest Data?. AJNR. American
journal of neuroradiology, 39(5), 798-806. https://doi.org/10.3174/ajnr.A5458

39. Buchbinder, R., Johnston, R. V., Rischin, K. J., Homik, J., Jones, C. A., Golmohammadi, K., & Kallmes, D. F.
(2018). Percutaneous vertebroplasty for osteoporotic vertebral compression fracture. The Cochrane database of systematic
reviews, 4(4), CD006349. https://doi.org/10.1002/14651858.CD006349.pub3

OcTeonopOTNKaABbIK OMBIPTKA CBIHBIKTapPBIHBIH XMPYPIMABIK eMAeYiHiH 3aMaHayn
CcTpaTerusiaapbl. Oge0MueTKe mMoAy

Abumes H.B.?, bopanraanes A.C.? Kaaup6exos I'.E. 3, Kepum6Oaes T.T. 4, Tyiireinos JK.M. 5,
Omaes M.C. ¢, Azertnukos B.I'.7, Munyapos P.E. 8,
Mycrapun X.A.°, Kaanes A.b.1°

! Acrana MeannyHa yHuBepcureTiHig PhD 40KTOpaHTBI, 5Ky ABIH HEMIPOXMPYPIVCH SKoHe IepueprsAbIK KyliKe XY iteciHiy
1aTOAOTHCH OOAiMIIIeCiHiH HeMTPOXUPYPT A9pirepi, ¥ATTHIK HepOXUpyprus opraabirbl, Acrana, Kasakcran

2 JKyabIH HeMpOXMPYPIUACH >KoHe rmepudeprsAbIK Ky liKe XYieciHiH 1aToA0IMsACKH OeaiMIIIeciHiH HellpoXupypr gapirepi,
YATTHIK HellpoXupyprus opraabirbl, Acrtana, Kasaxkcran

3 JKyabIH HeMpOXMPYPIuschl KoHe rmepudeprsAbIK Ky liKe XYiieciHiH aToA0IMACKH 001iMITeciHiH HeIpOXUPYPT Adpirepi,
YATTHIK HellpoXxupyprus opraabirbl, Acrana, Kasaxkcran

4 JKyabIH HeMIpOXMPYPIusCh KoHe IepudeprAbIK KyIKe JKYeciHiH 11aToA0TMACKH DeaiMIIeciHiH MeHTepyIIici,

YATTHIK HelpoXupyprus opraabirbl, Acrtana, Kasaxkcran

5 JKyabIH HeMpOXMPYPIusCH KoHe mepudeprsaAbIK KylKe JYIIeciHiH 11aToA0TMsACkH OeaiMIIeciHiH HelIpoXupypr Japirepi,
YATTBIK HellpoXupyprus opraabirbl, Acrana, Kazaxkcran

6 JKyabIH HeVIPOXMPYPIMACH JKoHe nepM(peme/lmK KYTIKe KylieciHiH I1aToA0rusACh 6eAiMINIeciHiH HellpoXupypr Aapirepi,
YATTHIK HellpoXupyprus opraabirbl, Acrana, Kasakcran

7 Kimi nHBa3uBTI HepOXUPYpINs OeaiMIleciHiH MeHrepyIici, ¥ ATTHIK HeIIpOXUpPYpIus opTaablrsl, ActaHa, Kaszakcran

8 JKyabIH HeMpOXMPYPIUACH KoHe repudeprsAbIK KyJKe XYiteciHiH 1aToA0rmnsAcs 6eaiMIIeciHiH HelfpoXupypr gapirepi,

YATTHIK HellpoXupyprus opraabirbl, Acrana, Kasakcran
9 Kimi mHBa3uBTI HepoXUpyprus OeaiMIleciHiH HeIPOXUPYPT Aopirepi, Y ATTHIK Helipoxupyprus opraabirbl, Acrana, Kasakcran
10 Backapma TeparachiHbIH OpbIHOacapsl, ¥ ATTBIK HepOXupyprust optaabirsl, AcraHa, Kasakcran


https://doi.org/10.3171/2016.3.SPINE151294
https://dx.doi.org/10.4321/s1889-836x2018000100007
https://dx.doi.org/10.4321/s1889-836x2018000100007
https://doi.org/10.1186/s12891-023-06558-9
https://doi.org/10.1097/MD.0000000000009395
https://doi.org/10.3174/ajnr.A5458
https://doi.org/10.1002/14651858.CD006349.pub3
https://orcid.org/0009-0000-4421-3313
https://orcid.org/0009-0009-3045-0276
https://orcid.org/0009-0000-3052-345X
https://orcid.org/0000-0002-0862-1747
https://orcid.org/0000-0002-4130-0486
https://orcid.org/0009-0000-3600-0115
https://orcid.org/0000-0002-2552-1553
https://orcid.org/0000-0003-3984-9565
https://orcid.org/0000-0003-3984-9565
https://orcid.org/0000-0001-8200-1223

Trauma & Ortho Kaz, 2025, 76 (3)

Tyiingime

OMBIpTKa AeHeciHiH NaTOAOTUAABIK, OCTeOIIOPO34bIK, CHIHBIKTaphl erae >KacTaFbl HayKacTapja >Kui Ke3jeceTiH
JKoHe KAMHUKAABIK >KarblHaH KypAeai ackbplHyadapAblH Oipi Goabmm Tabpiaassl. Cyliek TiHiHIH MUHepaAAbIK
TBIFBI3ABIFBIHBIH TOMEHJEeYi OMBIPTKa KYPbIABIMAAPBIHBIH TYPaKTBIABIFBIH TOMEHAETIIl, omepaumsajaH KeliHri
MeXaHMKaABIK TYPaKCBhI3ABIK KayITiH apTTeIpajbl. bya moay PubMed, Scopus xone Web of Science aepekkopaapsiaaa
2015 >xprarel KaHTap MeH 2025 >KBIAFBL COYip apaAbIFbIHAA >KaplsadaHFaH 3eprreyaepai Taadanasl. Iloay KypaMbiHa
OCTEOIIOPOTUKAABIK ~ OMBIPTKA  CBHIHYBIH  XUPYPTUAABIK  eMJeyre apHaaAfaH TYIIHYCKaAblK  Makaaaaap,
paHJoMM3aUMAAaHFaH OaKblAayAbl 3epTTeylep, MeTa-Taljayap >KoHe XXyiieai IIoAyaap eHrisiaai.

Kasipri 3amaHFBI XUPYPIUAABIK TaCiAgep OCTEONOPOTUKAABIK OMBIPTKa IMAaTOAOTMACH Oap HayKacTapaa
¢ukcanusHBIH OepiKTiriH apTTHIPyfa “KoHe KAMHUKAABIK HOTIDKeAepAl >KakcapTyfa OarbITTadraH. bya moayaa
LIeMEHTIIEH KYIIEeNTiATeH TpaHCIIeAUKYASIPABIK OypaHaalap, KeHeTideTiH >KoHe Teciri Oap wMMIIAaHTTap,
KOPTHMKaAbAbl TpaeKTOpV: OOVBIMEH OpPHATBIAATBHIH >Kylledep, COHAali-aK BepTeOpoIllacTMKa MeH KudoIllacTuka
CUAKTHI Killli MTHBA3MBTi 94icTep KapacTbpblaaAbl.

Oebu JepekTep KoOpceTKeHJell, CylieK ILleMeHTiH KoadaHy OypaHJadapAblH OepikTiriH eaayip apTTBHIPHII,
acKbIHyAapAbIH >Xuiairin asairaasl. Kudonaacruka depopManuisiHbl Ty3eTyre >KoHe aybIPCBIHYABI a3aliTyra THMiMAi
MYMKiHAiK Gepeai.

XupyprmusaaplK TaKTMKaHBI >KOCIlapAayJa CyJeK carachl MeH aHaTOMUAABIK epeKIleaikrepai eckepeTiH
JKeKe/AeHAipiAreH Tacia4iH MaHbI3AbIABIFEI aTal eTizeai. MyHaail ke3Kapac KaliTadaMa ollepanysaiapAblH aaAblH alyFa
JKoHe y3aK Mep3iMai TypaKTHIALIKTE KaMTaMachl3 eTyTe MyMKiHAiK Oepeai.

Tyitin ce3aep: OCTeonopo3, OMBIPTKAHBIH IATOAOTMAABIK, CBHIHYBI, TPAHCIIeAUKYAAPABIK OeKiTy, IJeMeHTTIK

ayrMeHTaIu:1, KeHelieTiH OypaHAaaap, Ku¢oIriaacTika, BepredporiaacTmka.

CoBpeMeHHBbIe CTpPaTeIMy XUPYPIMUIECKOTO Ae9eHNsI OCTeONOPOTUYEeCKMX IIepeaOMOB
no3BOHO4YHNKA. O030p auTepaTypsnl

Abumes H.B.?, bopanraanes A.C.? Kaaup6exos I'.E. 3, Kepum6Oaes T.T. 4, Tyiireinos JK.M. 5,

Omaes M.C. ¢, Azertnukos B.I.7, Munyapos P.E. 8,
Mycradun X.A.°% Kaanep A.B.1°

1PhD gokropant MeauiuHckoro ynusepcutera ActaHa, Bpad HeipOXUPYPT OTAeAeHNUs CIIMHAABHON HeIfPOXUPYPTUM U ITaTOAOTUI
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3 Bpau HeIpOXUPYPT OTAeAeHNsI CIIMHAABHON HEVIPOXUPYPIUU U IAaTOAOIVM IepudepiaecKoii HEpBHO CUCTEMBI,
Harmonaanneiii eHTp Hevipoxupyprun, Acrana, Kasaxcran
4 3aBeAymlnit oTAeAeHUEeM CIIMHAABHON HEMIPOXUPYPIUM U IIAaTOAOIUN NepudeprdecKoil HepBHON CHUCTEMBI,
Harnonaanneiii eHTp Hevtpoxupypruu, Acrana, Kasaxcran
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Pe3iome

Ocreonoporuyeckre IepeAoMBl TeA IIO3BOHKOB SBASIOTCS OAHUMM M3 HauboJlee YacTBIX U KAMHMYECKU
3HAYMMBIX ITOCAEACTBMII CHCTEMHOTO OCTEOIIOpO3a, OCOOEHHO Yy IIalleHTOB IIOXKMAOro Boszpacra. CHIrKeHue
MIHEpaAbHOI IIAOTHOCTY KOCTHOM TKaHM yXyAIlaeT CTaOMABHOCTH CIIMHAABHBIX (PUKCATOPOB M IIOBBHIIIAET PIUCK
I10C/€O0IIePallVIOHHO KOHCTPYKTMBHOI HECOCTOATEABHOCTM. B paMKax 0030pa IIpoaHaAM3MPOBaHBI MCCAeJOBaHIL,
orrybAMKoBaHHBIE B Oazax gaHHBIX PubMed, Scopus 1 Web of Science 3a nepunoga c ssuBapst 2015 mo ampeas 2025 roga.
BkaloueHBI OpUIMHAABHBIE CTaThll, PaHAOMU3UPOBAaHHBIE KOHTPOAMPYEMBIE NCCAAOBAHMSA, MeTaaHaAM3Bl U
crcTeMaTrndecKyie 0630pHl, IIOCBSIIeHHbIE XM PYPIMYECKOMY A€4eHIIO OCTEOIIOPOTUIECKIX IIePeA10MOB ITI03BOHOUHMKA.

O630p ocBellaeT COBpeMeHHbIe XUPYPrUIecKye II0AX0Abl, HallpaBAeHHBbIe Ha ITOBHIIIeHNe IIPOYHOCTY (UKCa LN
U yAydllleHre KAVMHIYECKNX Pe3yAbTaToB y Ial[leHTOB C OCTEOIIOPOTUYECKMM IIOpa’keHneM I1o3soHoYHMKa. Ocoboe
BHUMaHIE yAeAseTCA IPUMEHEHUIO TPaHCIIeAUKYASPHBIX BUHTOB C IIEMEHTHON ayrMeHTallMel, pacIIMpsAeMbIX U
(JeHecTpupOBaHHBIX MMILIaHTATOB, CHUCTEM C OIOPOIl Ha KOpPTMKaAbHblE CTPYKTYpPBl, a TakKXe Ma/OMHBa3VBHBIX
BMeIIIaTeAbCTB, TAKMX KaK BepTeOpoILaacTuka 1 KugoIriiacTuka.

JaHHBIe AUTepaTyphl AE€MOHCTPUPYIOT, YTO BBeJeHMEe KOCTHOIO IIeMeHTa CYIIeCTBEHHO IIOBBIIIAET
YAEP>KMBAIOIIYIO CIIOCOOHOCTh BMHTOB M CHIKAeT PUCK II0CAeOIepalMOHHBIX ocaoxHeHuit. Kudoraacruka
AOTIOAHUTEABHO II03BOASIET KOPPEeKTUPOBaTh gepopManyy 1 9PPeKTUBHO KyIpoBaTh 60A€BOI CMHAPOM.

ObocHoBana HeOOXOAVMOCTh MHAMBUAYAAU3UPOBAHHOTO XUPYPTUYECKOTO MIA1aHMPOBAHMS C y4eTOM KadecTBa
KOCTHOJI TKaHU Y aHaTOMMYECKMX OCODEHHOCTEell IOopa’keHus. Takoil IOAXOJ KPUTUYECKM BasKeH AASl CHUKEHVII
BEpPOSITHOCTY IIOBTOPHBIX OIlepallnii 1 00ecIiede s 40ATOCPOYHOI cTabyAM3any II03BOHOYHNUKA.

Karogespre ca0Ba: 0CTeOnopos, MaTOAOTMYECKNII IepeaoM ITO3BOHOYHMKA, TPaHCIIeAMKYASpHas (PUKCaIus,

IIeMeHTHasl ayTMeHTals, paciIypseMble BUHTH, KM(OIlacTMKa, BepTeOpoIlaacThKa.



