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ABSTRACT

Advanced imaging and surgical field have improved treatment and management of unstable thoracolumbar spine
fractures significantly. Its emergence is boosting surgical accuracy, efficiency and its use has increased patient recovery
rate. This systematic analysis is conducted to explore how these technologies affect functional, neurological and
postoperative outcomes. Our aim is to evaluate and investigate previous evidences and various studies. This systematic
analysis will be based entirely on retrospective analyses, randomized controlled trials, and other systematic reviews.
While conducting methodology, we assessed several factors like pedicle screw placement accuracy, surgery time,
radiation exposure and noted overall patient outcomes across different navigation systems like intraoperative CT
navigation (iCT-Nav), 3D navigation, and augmented reality. The primary results of this systematic review revealed
pedicle screw placement accuracy was high (up to 96.9% with iCT-Nav), with fewer revision surgeries needed. 3D
navigation reduced fluoroscopy time significantly (p=0.0002) while still maintaining accuracy and evidence confirmed
these techniques also helped lower blood loss (p<0.05) and improved spinal alignment without adding significant time
to the surgery. Evidence showed radiation exposure remained an issue with varying levels of dose-length product (DLP)
but it was dependent on the complexity of the procedures. Conservative management failed in 9.2% of cases while long-
segment stabilization helped prevent further vertebral fractures. After all these results, we came to a conclusion that
advanced imaging and navigation technologies have revolutionized thoracolumbar fracture management because its use
has improved accuracy and patient outcomes which is confirmed. These technologies are also seen to reduce the need
for revision surgeries and made minimally invasive surgeries more effective and also helped stabilize the spine in the
long term. The challenges linked to these procedures are radiation exposure, standardization and costs which need to
be carefully handled and need attention. Future research should explore what the role of artificial intelligence is and
how it can work to bring maximum outcomes while making these technologies more accessible is also critical.

Keywords: Advanced imaging, Surgical navigation, Thoracolumbar spine fractures, Unstable spine fractures, Spinal
surgery, Functional outcomes, Neurological outcomes
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INTRODUCTION

Unstable thoracolumbar spine fractures contain about
more than 90% of all traumatic spinal injuries while it is
estimated that it comes with a global incidence of 3.79 per
100,000 individuals annually which is significant
challenge which increases global burden because in
Europe, surgical intervention for unstable thoracolumbar
spine fractures has been reported to cost approximately
€31,900 per patient.! Result from high-energy trauma
together with motor vehicle collisions (45%) falls from
momentous heights (30%) and sports-related accidents
(10%).2 Impact on affected individuals is profound as
nearly 40% of patients experience varying degrees of
spinal cord damage while leading to functional
impairments or chronic pain which can reduce quality of
life.23 Reports show there is high morbidity associated
with these fractures so timely interventions are important
to improving outcomes and preventing long-term
disability.*> Historically, spinal trauma assessments have
focused on plain radiography and computed tomography
(CT) and both provide important structural insights but
have limits in soft tissue evaluation and intraoperative
precision. Recent advances like intraoperative three-
dimensional (3D) fluoroscopy, cone-beam CT and high-
resolution magnetic resonance imaging (MRI) have
greatly improved diagnostic accuracy.® Together with real-
time surgical navigation systems, these technologies have
transformed the surgical management of unstable
thoracolumbar fractures.® Most current studies show that
navigation-assisted spine surgery reduces pedicle screw
malposition rates from 15% to as low as 2% which reduce
the risk of iatrogenic damage and reoperation.®’

Despite the promised benefits, introduction if these
modern imaging and navigation systems is still being
debated because of related issues like long-term clinical
outcomes or its cost-effectiveness and usability. Some
researchers suggested these technologies improve
intraoperative efficiency and reduce radiation exposure for
both patients and surgeons but definitive information
about their influence on functional recovery and
neurological improvement is lacking.® This systematic
analysis will critically relevance of sophisticated imaging
and surgical navigation in the treatment of unstable
thoracolumbar fractures. We will emphasize on functional,
neurological, and postoperative outcomes. We aim to
collecting the most recent information from 2019-2025, to
establish if technological improvements translate into
substantial gains in patient care and recommend intriguing
areas for future research.

METHODS

We have followed preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines to
conduct our research systematically and identify targeted
outcomes mainly integration of advanced imaging and
surgical navigation in treating unstable thoracolumbar
spine fractures. Databases including PubMed, Embase,

Web of science, Cochrane Library, and Scopus were
systematically searched for relevant literature published up
to 2024. Our initially designed primary key terms are:
"thoracolumbar spine fractures,” "advanced imaging,"
"surgical navigation," "intraoperative navigation,"
"pedicle screw placement,” "3D navigation”, "CT
navigation," and "functional outcomes."

Design and inclusion/exclusion criteria

Included studies of this analysis include range of
methodologies  like retrospective  cohort  studies
randomized controlled trials, systematic reviews and
bibliometric analyses. Other grey literature, editorials, and
case studies are not considered. Critical aspect of data
selection involves ensuring methodological rigor,
relevance and comparability across studies. Primary
inclusion criteria consist of studies which has primary
outcomes about intraoperative navigation, pedicle screw
placement  accuracy, radiation  exposure  and
thoracolumbar fracture management. We selected the
studies utilizing CT-navigation, 2D/3D navigation and
systematic reviews evaluating outcomes related to spinal
surgeries are considered. This paper only papers from
reputable sources while we did not extract information any
information from unrecognized journals. Papers published
between 2019 to 2025 are considered. Research studies
were excluded based on inadequate quantifiable results
while lacking methodological comparisons between
navigation methods and existing without quantitative
evidence. Papers published prior to 2019 are skipped, and
data extraction process adopts standardized methods
which fully covers significant project parameters. A
comprehensive analysis includes the study authors and
design type plus details about participant demographics
and sample count and intervention approach and
methodology combined with main results for both primary
and secondary outcomes and supporting quantitative data
together with author conclusions and documented biases
along with identified research limitations. Research data
groups are organized to enable effective comparison
analysis.

Methodology for risk of bias assessment

Because the variability in included study’s methodology,
we decided to use CASP tool. Risk of bias assessment in
CASP tool is based on various factors influencing the
quality and reliability of a study. Criteria such as clarity of
aims, appropriate study design, sample selection, validity
and reliability of data, control of biases, statistical analysis,
and ethical considerations are all raised which can be seen
in Table 2. We have classified each study based on these
factors into levels of bias (low, moderate, or uncertain).

Primary and secondary results
Integration of advanced imaging and surgical navigation

in the treatment of unstable thoracolumbar spine fractures
have shown various improvements in accuracy, surgical
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efficiency and patient outcomes based on our included
studies. Retrospective analysis by Hagan et al have shown
96.9% pedicle screw placement accuracy with
intraoperative CT navigation (iCT-Nav) while eliminating
need for revision surgeries. Secondary outcomes included
a 2.64% intraoperative revision rate (37 screws and 31
patients) and quantitative data showed an odds ratio (OR)
of 6.21 for lateral breaches and OR of 5.79 for anterior
breaches (p<0.001).

Brunken et al have reported 3D navigation improved
accuracy (92.66%) over fluoroscopy (88.08%) as
fluoroscopy time is reported lower in the navigation group
(p=0.0002), though no significant differences were found
in radiation exposure or surgical duration. Randomized
controlled trial by Zhang et al shows improved screw
placement accuracy in the navigation group and
intraoperative blood loss and Cobb angle correction are
improved (p<0.05) while surgical duration and drainage
volume remained statistically insignificant. Bourret et al
has also reported radiation exposure data: dose-length
product (DLP) for standard deviation (SD) was 1175
mGy-cm and degenerative disease (DD) was 762.74
mGy-cm while vertebral fractures (VF) were 649.36
mGy-cm. Another primary outcome by Tan et al show
conservative management failure rate of 9.2% (95% CI:
4.5-13.9%). Spiegl et al reported an Oswestry disability
index (ODI) score of 31.3+24.7, sagittal loss of 5.1°+4.0,

and a 35.3% sequential vertebral fracture rate with
reported significant p wvalue (0.03) for fractures.
Comprehensive results by Heydar et al and Gonzalez-
Gonzélez et al have shown augmented reality's role with
the most cited article receiving 733 citations (average
59.27 citations/year).
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Figure 1: Forest plot.
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Figure 2: PRISMA flow chart.

Table 1: Primary and secondary keywords, MeSH terms, and boolean search strategy.

. Secondary .

‘ Primary keywords keywords | MeSH terms . Boolean string |
Thoracolumbar "Spinal "Thoracolumbar fractures" OR "unstable spine
fracture Spine surgery fractures"[MeSH] frac_ture_s ,'?\ND advanced imaging" OR "surgical

navigation
Surgical Auamented realit "Image-guided "Spinal navigation" OR "O-arm CT" AND
navigation 9 y surgery"[MeSH] "neurological outcome" OR "functional recovery"
i . . "Tomography, X-ray  "3D imaging" OR "CT-guided surgery" AND
O e 1D e 17 computed"[MeSH] "postoperative outcome" OR "complication rates"
Neurological Postoperative "Spinal cord "Neurological recovery" OR "ASIA score” AND
recovery complications injuries"[MeSH] "surgical outcomes" OR "reoperation rates"
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Table 2: CASP risk of bias assessment.

 Validity Statis Results Ethical
Clear Sample : : :
. and reli- -tical and conside .
statement size and . . . Bias level
. : ability of analy findin- -
of aims selection . .
_data -Sis rations
Hagan et al® Yes Yes Yes Yes Yes Yes Yes Yes Low
Brunkenetal®® Yes Yes Yes Yes No Yes Yes Yes Moderate
Zhang et al' Yes Yes No Yes Yes  Yes  Yes Yes Moderate
Bourret et al? Yes Yes Yes Yes Yes Yes Yes Yes Low-
moderate
Zileli et al*® Yes Yes Uncertain  Yes Yes  Yes  Yes Yes Low
Aldosari et al'*  Yes Yes Yes Uncertain  Yes Yes Yes Yes Low-
moderate
Heydaretal®  Yes Yes Yes Yes No Yes Yes Yes Moderate
Gonzalez-
. 16 Ye€s Yes Yes Yes Yes Yes Yes Yes Low
Gonzalez et al
Tan et al'’ Yes Yes Yes Yes Yes Yes Yes Yes Low
Spiegl et al'® Yes Yes Yes Yes Yes Yes Yes Yes Low
Sample Size
601

Study/Research

Hagan et al. Brunken Fet ZhangK-Ret BourretSet ZileliMetal AldosariKH Heydar AM  Spiegl UJ et
2022 al. 2024 al. 2022 al. 2022 2021 etal. 2019 etal. 2024 al. 2021

Sample Sizes in Medical Research Studies

Figure 3: Sample sizes in medical research studies.

Table 3: Study details.

Author(s) Study design Population characteristics S_ample Pl ellios-
size/range

Retrospective . N .

Haganetal® 2022  single-center Pat|_e nts undergoing iCT-Nav 208 patients, 2015-2017
. pedicle screw placement 1400 screws
analysis
. Patients with traumatic .
Brur11(!< en 2024 Slngle—ce_nter, thoracolumbar junction 25 patients per Not specified
et al comparative study group
fractures
. Patients undergoing anterior 40 patients
Randomized e May 2018 to
11
Zhang et al 2022 controlled trial approach thoracolumbar (navigation August 2019
surgery versus control)

Boml’zret 2022 Retrospective Patl_ents undgrgomg CT- 101 patients No fc_>||ow—up
et al cohort study navigated spine surgery mentioned

Systematic review . .
Zilelietal®® 2021  and consensus Studies on thoracolumbar celalitlzs 2010-2020

. spine fractures and trauma reviewed

meeting
Aldosari Cross-sectional Young adults, adolescents, . Follow-up from
etal* 2019 study mostly male (84.1%) 120 patients triage to discharge

Continued.
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Study design

Population characteristics

Sample Duration/follow-

size/range up

Heydar Comprehensive Spine surgery patients (MIS, - 7
et al®® A literature review tumor resection) Netgprifsstle e Emp e
Gonzélez- e . . . .
. Bibliometric Spine surgery articles on 100 most cited
é;toar:fsalez 2024 analysis intraoperative navigation articles 1995-2019
. . Neurologically intact patients .
Systematic review - 601 patients e
17
Tan et al 2022 and meta-analysis with stable thoracolumbar (16 studies) Not specified
burst fractures
. Elderly patients (=65 years) —
Spieglet al'® 2021 Retrospective with unstable midthoracic 59 patients Mean follow-up:
cohort study f 60 months
ractures
Table 4: Intervention and methodology.
| Author(s Intervention Methodolog
Hagan et al® iCT-Nav-assisted pedicle screw placement BRG] EREEESEE VB & 2 I (e e gre g

system

Brunken et al®

3D-navigated versus fluoroscopy-guided
percutaneous pedicle screw placement

Accuracy assessed with postoperative CT using
Gertzbein-Robbins classification

Zhang et al'!

2D-navigation-guided versus non-
navigation-guided vertebral screw
placement

Clinical and radiological evaluations preoperatively,
postoperatively, and at final follow-up

Bourret et al?

Intraoperative CT navigation in spine
surgery

Comparison of radiation dose and number of CT
scans

Zileli et al®

Literature review and expert consensus
meetings

Systematic review, Delphi method, consensus voting

Aldosari et al*

Conservative and surgical management of
traumatic spinal injuries

Clinical notes analysis, inclusion/exclusion criteria,
anonymous data collection

Heydar et al®®

Navigation systems in lumbar spine
surgeries

Literature review of peer-reviewed journals, clinical
trials, case studies

Gonzalez-
Gonzélez et al®

Intraoperative image-guided navigation in
spine surgery

Systematic search in Scopus and Google Scholar

Tan et al'’

Conservative management, surgical
fixation for failure cases

PRISMA-guided systematic review, pooled analysis

Spiegl et al'®

Posterior stabilization (short-segmental
versus long-segmental)

Evaluation of clinical outcomes, trauma mechanism,
and radiographic loss

Primary outcomes

Table 5: Outcomes and findings.

Secondary outcomes

Key takeaways

Quantitative data

; . OR 6.21 (lateral . -
0, =
Hagan 96.9% accuracy, 0 2.64@ intraoperative breach), OR 5.79 iCT Nav_redgces revision
S S ’ revisions (37 screws, : surgery risk, improves
et al revision surgeries 31 patients) (anterior breach), ACCUrac
P p<0.001 y
Fluoroscopy time,
Brunken 92.66% accuracy (3D-  radiation exposure, Fluoroscopy time 3D-navigation increases
ot al© navigation), 88.08% surgery duration, significantly lower accuracy, reduces
(fluoroscopy) intraoperative (p=0.0002) fluoroscopy time
complications
No significant .
" - Intraoperative blood A
et al'! placement accuracy - drainag ' significantly ; place ;
or correction of - q intraoperative blood loss
Kyphosis improved (p<0.05)

Continued.
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Key takeaways

Primary outcomes

outcomes

Cumulative radiation

Quantitative data
DLP: SD (1175

Bourret Radiation exposure dose bv suraical mGy-cm), DD Complex surgeries lead to
etal? (DLP per acquisition) indicat)i/on g (762.74 mGy-cm), higher radiation exposure
VF (649.36 mGy-cm)
Incidence and Regional variations, o Increasing incidence in
Zilelietal®™® epidemiology of trauma causes, DB elderly and developing
; . provided .
thoracolumbar fractures prevention strategies countries
Aldosari Severity of spinal Prognostic factors 66.6% conservative, Majority treated
ot alt4 fractures, neurosurgical  (GCS, blood 33.3% surgical conservatively, young
management transfusion) management males at higher risk
. Reduced operative Navigation improves
Accuracy of implant . .
Heydar .. time, decreased . accuracy, minimizes
15 placement, reduction in > Not provided S0
et al L radiation exposure, complications, enhances
complications ;
lower reoperation rates MIS
Gonzalez- o . Level of evidence, Most cited article: Augmented reality
. Citation trends, article A S o
Gonzélez frequency by decade author affiliations, 733 citations, avg. emerging, improved
etal'® quency by journal analysis citations/year: 59.27  evidence in recent decade
Conservative Predictive factors (age, Failure rate: 9.2% Conservative management
Tan et al*’ management failure kyphotic angle, canal (95% CI: 4.5%- fails in 9.2% of cases; risk
rate (9.2%) size) 13.9%) factors identified
. ODI score (31.3+£24.7), . ODI: 31.3+24.7, Long-segmental
Spieg| regional sagittal loss Sequential vertebral sagittal loss: stabilization reduced
et al®® g g fractures (35.3%) g i

(5.1°+4.0) 5.1°+4.0, p=0.03 sequential fractures

Table 6: Study limitations.

Author(s Limitations/biases

Hagan et al° Single-center data, retrospective design

Brunken et al* No significant differences in radiation exposure, surgery time

Zhang et al'! No significant differences in some clinical outcomes and radiographic measures
Bourret et al*? Technical limitations of CT navigation lead to higher radiation doses

Zileli et al*® Predominance of retrospective studies, regional bias

Aldosari et al** No detailed statistical analysis, potential selection bias

Heydar et al*® Lack of specific statistical analysis or patient data

Gonzalez-Gonzélez et al'® Articles not specifically on thoracolumbar fractures

Tan et al*’ Limited data on surgical management in failure cases
Spiegl et al'® High mortality rate (21 patients, 35.6%)
DISCUSSION developing improved treatment selection strategies. Hagan

Most of included papers collectively points out that
advanced imaging and surgical navigation in treating
unstable thoracolumbar spine fractures is beneficial.
Emergence of these technologies have improved screw
placement and results declared this use also reduce
revision surgeries. Navigation-assisted techniques are seen
to outperform traditional fluoroscopy in precision and
efficiency while minimizing intraoperative complications.
Medical navigation represents both an opportunity to
enhance  minimally invasive  procedures  while
simultaneously decreasing patient repetition operations
despite radiation exposure risks. The rising importance of
augmented reality technology and navigational systems
becomes clearer through systematic review research.
These technologies face current challenges stemming from
research methodological uncertainties and participant
selection inconsistencies yet require ongoing work for

et al conducted retrospective and single-center study
analyzing 208 patients who underwent iCT-Nav-assisted
pedicle screw placement. Using a 2-mm grading system,
results show 96.9% of 1400 screws were placed
accurately, with no postoperative revision surgeries
required. Intraoperative screw revision occurred in 2.64%
of cases while statistical analysis revealed higher odds of
high-grade breaches for lateral (OR=6.21, p<0.001) and
anterior (OR=5.79, p=0.001) placements. Hagan et al have
concluded iCT-Nav enhances screw placement accuracy
while eliminating postoperative revision surgery risks but
is important to know that single-center retrospective
design might limits generalizability of findings.® Brunken
et al also conducted a research in 2024 where they
compared 3D-navigation and fluoroscopy for pedicle
screw placement in traumatic thoracolumbar fractures. In
results, it was clear that 3D-navigation yielded 92.66%
accuracy compared to 88.08% for fluoroscopy (p=0.19).
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They have also reported that fluoroscopy time was
reported lower for the navigation group (p=0.0002).
Radiation exposure, surgery time or intraoperative
complications showed no significant differences between
the two methods and thus, it is determined that 3D-
navigation enhances screw placement accuracy and
reduces fluoroscopy time without increasing surgery
duration or radiation exposure which points out its
potential benefit for thoracolumbar spine fracture
surgery.’® Another research by Zhang et al in 2022 is
reported in the form of randomized controlled trial where
they compared 2D-navigation-guided and non-navigation-
guided screw placement in anterior thoracolumbar surgery
for burst fractures. Zhang’s findings show navigation
group achieved more accurate screw placement and
reduced intraoperative blood loss while, on the same time
it improved Cobb angle measurements in the coronal
plane. Both groups verified improvements in kyphosis
correction but no significant differences were found in
surgery time, drainage volume or other radiological
measures so this study concludes that navigation enhances
screw placement accuracy and or it might have a positive
impact on long-term patient prognosis without potentially
affecting other surgical limitations.!* Bourret et al have
retrospectively analyzed 101 patients and all these
underwent CT-navigated spine surgery to evaluate patient
radiation exposure. Primary results of this research show
radiation dose per acquisition was similar across surgical
indications (spinal deformity, degenerative disease, and
vertebral fracture) but complex surgeries which were
spinal deformities required more CT scans resulting in a
higher cumulative radiation dose: 1175 mGy-cm versus
762.74 mGy-cm for degenerative disease and 649.36
mGy-cm for vertebral fractures. Bourret et al have
concluded CT navigation is and effective tool to reduce
surgical complications but there is possibility that it can
increases radiation exposure when it comes to complex
procedures.’ Another systematic research by Zileli et al
analyzed 39 studies on thoracolumbar spine fractures from
2010 to 2020 and this study primarily aimed to assess the
incidence and epidemiology of thoracolumbar fractures
and inform prevention strategies. Using the Delphi
method, expert consensus was gathered revealing that
thoracolumbar fractures are increasing, especially among
the elderly in developed countries and due to motor vehicle
accidents in developing countries. The review presents
need for targeted prevention efforts and acknowledges
regional differences in injury patterns, while showing
importance of epidemiological data in guiding prevention
strategies.® Aldosari et al conducted a cross-sectional
study which is based on 120 Saudi patients with traumatic
spinal injuries (TSIs). This study looked at severity of
injuries and management measures, concluding that road
traffic accidents emerged as leading cause. Majority of
patients (66.6%) were treated conservatively with 33.3%
undergoing surgical intervention and study discovered that
TSIs mostly impacted young adults and adolescents with a
higher proportion of male patients. It indicated that early
management is critical to avoiding negative outcomes in
cervical spine injuries. Conservative treatment was more

common and early surgical intervention resulted in
positive outcomes in certain cases.!* A review of
navigation systems for lumbar spine surgery was
performed by Heydar et al. This review traced the
progression of these techniques starting from the use of
computer-assisted surgery through image-guided surgery
before reaching robotic systems over the past forty years.
The research confirmed that implant accurate placement
depends on navigation systems which result in reduced
surgical procedure complications while also decreasing the
need for additional surgeries. The research methodology
revealed multiple benefits including reduced surgical
duration with significantly lowered exposure to radiation.
Extended cost effectiveness along with surgeon education
will make spinal surgery navigation essential despite
ongoing studies needed to achieve the system's greatest
clinical benefits.'®> Gonzalez-Gonzalez et al have recently
in 2024, conducted bibliometric analysis of the 100 most
cited articles on intraoperative image-guided navigation in
spine surgery and this study analyzed trends across
publication years (1995-2019) identifying key articles,
authors, and evidence levels. Results revealed a peak in
publications from 2010 to 2019 with significant
advancements in augmented reality in spine surgery while
majority of articles had clinical research and reviews with
evidence grades IV-V. This research stated technological
progress in navigation systems has positively impacted
spine surgery increasing citation frequencies and
enhancing evidence-based practices in the field.*6 Tan et al
in 2022 in their systematic review and meta-analysis, have
accessed failure rate of conservative management for
neurologically intact thoracolumbar burst fractures and
this study found a 9.2% failure rate (95% CI: 4.5-13.9%)
and identified key predictive factors were: age, kyphotic
angle, residual canal size, and interpedicular distance. All
these identified factors help predict failure in conservative
management and promote shift to surgical intervention
while it is also stated that careful consideration of these
factors is critical when deciding between conservative and
surgical approaches while presenting need for further
prospective studies on management strategies.!’ The
researchers from Spiegl et al examined elderly patients
(>65 years) with unstable midthoracic spine fractures who
received posterior stabilization procedures. The findings
from a 60-month patient observation demonstrated long-
segmental posterior stabilization resulted in fewer
subsequent vertebral fractures than short-segmental
stabilization (p=0.03). Among 59 elderly patients treated
by posterior stabilization the survival rate was 64.4% and
the mean ODI score was 31.3 showing minimal to
moderate long-term disability. Researchers find that
extending the extent of stabilization can lead to superior
prevention outcomes for secondary vertebral fractures
while death rates stay very high.8

CONCLUSION
After all research, it is concluded that advanced imaging

and navigation technologies have revolutionized
thoracolumbar fracture management. These technologies
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have enhanced precision and provide detailed views,
which reduce complications to improve patient outcomes.
While benefits like reduced revision rates and improved
accuracy are evident but challenges remain in optimizing
radiation exposure and standardizing navigation
techniques across diverse patient populations and these
issues need to be resolved. Future research should focus on
improving these technologies and pay more focus to
integrate artificial intelligence use. Overall, our findings
show paradigm shift in spine surgery where precision and
safety have taken precedence. Navigation technologies are
growing ways more efficient and less invasive operations
which will lead to improved long-term outcomes for
patients. Continued breakthroughs and collaborative
research are critical for overcoming current limits and
guaranteeing equal access to these innovations across
various healthcare settings.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1. EUROSPINE 2019: Quick Fires: (Concurrent Short
Communications). Eur Spine J.
2019;28(11):2805-72.

2. Katsuura Y, Osborn JM, Cason GW. The
epidemiology of thoracolumbar trauma: A meta-
analysis. J Orthop. 2016;13(4):383-8.

3. Smith LS. Conquering plagiarism in clinical practice.
Nursing. 2016;46(10):20-2.

4. Butt MF, Farooq M, Mir B, Dhar AS, Hussain A,
Mumtaz M. Management of unstable thoracolumbar
spinal injuries by posterior short segment spinal
fixation. Int Orthop. 2006;31(2):259-64.

5.  Thomas RJFD, De Jesus O. Thoracolumbar spine
fracture. StatPearls - NCBI Bookshelf. 2023.

6. Tian NF, Huang QS, Zhou P, Zhou Y, Wu RK, Lou
Y, et al. Pedicle screw insertion accuracy with
different assisted methods: a systematic review and
meta-analysis of comparative studies. Eur Spine J.
2010;20(6):846-59.

7. Kumar DS, Ampar N, Lim LW. Accuracy and
reliability of spinal navigation: An analysis of over
1000 pedicle screws. J Orthop. 2019;18:197-203.

8. Harada GK, Siyaji ZK, Younis S, Louie PK,
Samartzis D, An HS. Imaging in Spine Surgery:
current concepts and future directions. Spine Surg
Relat Res. 2020;4(2):99-110.

9. Hagan MJ, Syed S, Leary OP, Persad-Paisley EM,
Lin Y, Zheng B, et al. Pedicle screw placement using
intraoperative computed tomography and computer-
aided spinal navigation improves screw accuracy and
avoids  postoperative revisions:  Single-center
analysis of 1400 pedicle screws. World Neurosurg.
2022;160:169-79.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Brunken F, Mandelka E, Bullert B, Gruetzner PA,
Vetter SY, Gierse J. Comparison of 3D-navigation
and fluoroscopic guidance in percutaneous pedicle
screw placement for traumatic fractures of the
thoracolumbar junction. Brain Spine.
2024,4:102769.

Zhang K-R, Yang Y, Liu H, Ma L-T. Comparison of
effect of navigation versus no navigation on vertebral
body screw placement in anterior approach surgery
for thoracolumbar burst fractures: A randomized
controlled trial. World Neurosurg.
2022;158:e154-65.

Bourret S, Cloche T, Boue L, Thompson W, Dubois
T, Le Huec JC. Computed tomography intraoperative
navigation in spinal surgery: assessment of patient
radiation exposure in current practices. Int J Spine
Surg. 2022;16(5):909-15.

Zileli M, Sharif S, Fornari M. Incidence and
epidemiology of thoracolumbar spine fractures:
WFNS  Spine  Committee  recommendations.
Neurospine. 2021;18(4):704-12.

Aldosari KH, Aldhfyan YM, Karrar MH, Aldossary
AM, Al Deailj AA, Al-Ameer KH, et al. Severity and
neurosurgical management of patients with traumatic
spinal fractures in Saudi Arabia: a cross-sectional
study. Pan Afr Med J. 2019;34:26-54.

Heydar AM, Tanaka M, Prabhu SP, Komatsubara T,
Arataki S, Yashiro S, et al. The Impact of Navigation
in Lumbar Spine Surgery: A Study of Historical
Aspects, Current Techniques and Future Directions.
J Clin Med. 2024;13(16):4663.

Gonzélez-Gonzélez F, Aguilar-Chavez F, Martinez-
Loya C, Marin-Castafieda LA, Arellanes-Chavez
CA, Lee A. Top 100 Most Cited Articles on
Intraoperative Image-Guided Navigation in Spine
Surgery. Cureus. 2024;16(8):e67950.

Tan T, Huang MS, Rutges J, Marion TE, Fitzgerald
M, Hunn MK, Tee J. Rate and Predictors of Failure
in the Conservative Management of Stable
Thoracolumbar Burst Fractures: A Systematic
Review and Meta-Analysis. Global Spine J.
2022;12(6):1254-66.

Spiegl UJ, Holbing P-L, Jarvers J-S, Ho6h NVD,
Pieroh P, Osterhoff G, Heyde C-E. Midterm outcome
after posterior stabilization of unstable Midthoracic
spine fractures in the elderly. BMC Musculoskelet
Disord. 2021;22(1):188.

Cite this article as: Fabara-Vera MD, Carrasco
CM, Vargas MAA, Jiménez-Sanchez J, Gonzalez
RDV, Barreto SB, et al. Integration of advanced
imaging and surgical navigation in the treatment of
unstable thoracolumbar spine fractures: a systematic
review of functional, neurological and postoperative
outcomes. Int J Res Orthop 2025;11:381-8.

International Journal of Research in Orthopaedics | March-April 2025 | Vol 11 | Issue 2 Page 388




