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ABSTRACT

BACKGROUND: Traumatic spinal injuries (TSI) are a major public health concern associated with substantial morbidity. As the
first study to provide a regional forensic medicine perspective, this study aimed to retrospectively evaluate the clinical characteristics,
etiological factors, injury patterns, and long-term sequelae of traumatic spinal fractures among patients presenting to Department of
Forensic Medicine, Atatiirk University between 2020 and 2022.

METHODS: Medical records of 12,029 cases evaluated at the Department of Forensic Medicine, Atatiirk University between 2020
and 2022 were reviewed. A total of 277 cases with confirmed spinal fractures were included. Demographic characteristics, etiology,
Injury Severity Score (ISS), fracture levels, associated injuries, and treatment methods were analyzed. Long-term sequelae were as-
sessed in 174 patients with at least 12 months of follow-up.

RESULTS: Among the patients, 74.1% were male (male-to-female ratio: 2.85), and the mean age was 40.1116.69 years. The most com-
mon etiology was vehicle occupant motor vehicle accidents (VO-MVA) (56.3%), followed by motor vehicle accidents involving vulnerable
road users (VRUs-MVA) (15.5%) and high-energy falls (HEF) (13.4%). A statistically significant association was found between age and
etiology (p=0.001); VO-MVA predominated in the 18—44-year age group, whereas VRU-related injuries increased among individuals aged
265 years. Injuries resulting from VRUs-MVA and HEFs were significantly associated with major trauma (ISS 216) (p=0.044) and multiple
vertebral fractures (p=0.001). The thoracolumbar junction (T | [-L2) was the most frequently affected region (3 1.8%). A significant asso-
ciation was identified between head/facial trauma and cervical fractures (odds ratio [OR]=3.59; 95% confidence interval [CI]: 1.89-6.82),
and between intra-abdominal organ injuries and sacral fractures (OR=6.47; 95% Cl: 2.40—17.39). Permanent sequelae were observed in
50% of patients with follow-up data; the most common were restricted spinal mobility (46.8%) and spinal cord injury (13.5%).

CONCLUSION: Although vehicle occupant traffic accidents are the most common cause of spinal fractures, accidents involving
vulnerable road users and high-energy falls are associated with greater injury severity and multiple fractures. Clinicians should maintain
a high index of suspicion for cervical fractures in patients presenting with head trauma and sacral fractures in those with abdominal
injuries. Rapid triage and careful evaluation are essential, particularly in cases involving high-energy mechanisms and associated organ
injury. These findings highlight the substantial long-term morbidity associated with traumatic spinal fractures and underscore the im-
portance of multidisciplinary follow-up.
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INTRODUCTION tures of the spine.l'" Traumatic spinal fractures are included

within this group and account for approximately 6% of all
Traumatic spinal injury (TSI) encompasses damage to the  fractures annually.”? These injuries impose substantial medi-
bones, spinal cord, nerve roots, and discoligamentous struc- cal, psychological, and economic burdens on patients, their
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families, and society because of their high morbidity and mor-
tality rates.’! Consequently, TSI is increasingly recognized as
an important public health issue.™

Despite its significance, information regarding the global prev-
alence of TSI is limited. Although spinal cord injury (SCI) is
the most extensively studied topic in the literature, epide-
miological evidence suggests that traumatic spinal injuries are
considerably more common.P! Furthermore, studies often fo-
cus on selected spinal regions, specific age groups, or short-
term outcomes, limiting understanding of the epidemiology
and long-term outcomes of TSLE!

Regardless of etiology, spinal injuries frequently require
medico-legal evaluation. In Tirkiye, individuals with TSI may
undergo assessment within both compensation and criminal
law frameworks through clinical forensic medicine practice.
Forensic medicine specialists evaluate factors including injury
mechanism, injury severity, healing process, and sequelae, and
subsequently provide reports to judicial authorities.

This study retrospectively examined the clinical characteris-
tics, etiological factors, treatment approaches, and outcomes
of traumatic spinal fractures. The aim was to provide clini-
cians and forensic medicine specialists with evidence to sup-
port the diagnosis, treatment, and prevention of vertebral
injuries.

MATERIALS AND METHODS

Ethical approval was obtained from the Atatiirk University
Faculty of Medicine Non-Interventional Clinical Research
Ethics Committee (May 3, 2024; Session No. 3; Approval No.
4). Medical records of 12,029 patients evaluated at the De-
partment of Forensic Medicine, Atatiirk University, between
January 1, 2020 and December 31, 2022, were reviewed. Cas-
es with documented spinal fractures were included. Cases
recorded as having "suspected fractures" were re-evaluated
based on consultations with the Department of Radiology.
Thirty-three cases without confirmed spinal fractures were
excluded. When multiple reports referred to the same trau-
matic event in a single patient, only one report was included.
Ultimately, 277 cases with confirmed spinal fractures and
documented fracture levels were included in the retrospec-
tive analysis.

Variables analyzed included age, sex, injury mechanism, In-
jury Severity Score (ISS), spinal cord injury level, associated
injuries, and treatment modality. Patients injured in motor
vehicle accidents (MVAs) were categorized as either vehicle
occupants (VO) or vulnerable road users (VRUs). The VRU
category included pedestrians and cyclists. Because most
cases referred for disability assessment in forensic medicine
practice involve traffic accidents, these categories may be
overrepresented; therefore, etiological analyses should be in-
terpreted cautiously. Trauma mechanisms were classified as
vehicle occupant motor vehicle accidents (VO-MVA), VRU-
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related accidents, high-energy falls (22 meters), assault, or
other causes. The assault category included blunt trauma,
sharp-force injuries, penetrating injuries, and firearm-related
injuries. The "other" category included low-height falls onto
the spine, animal-related injuries, and sports injuries. Fracture
levels were categorized as cervical (C), thoracic (Th), lumbar
(L), sacral (S), or coccygeal (Co). Continuous variables were
categorized using clinically relevant thresholds: age (0-17,
1844, 45-64, and 265 years); ISS (major trauma 216, minor
trauma <16); and number of fractures (single, multiple [2-3],
or extensive [24]). Associated injuries included fractures and
internal organ injuries; soft tissue injuries were excluded. A
total of 174 patients with final follow-up evaluations per-
formed at least 12 months after trauma and/or surgery were
identified. Sequelae were calculated according to the tables
and guidelines specified in the Regulation on Disability As-
sessment for Adults.

Statistical analyses were performed using IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp., Armonk, NY, USA).
Comparisons were performed using chi-square or Fisher’s
exact tests as appropriate. Statistical significance was set at
0.05. Odds ratios are reported with corresponding 95% con-
fidence intervals (Cl), presented in parentheses.

This article is derived from the author's medical specialty the-
sis entitled “Evaluation of Columna Vertebralis Traumas in
Terms of Clinical Forensic Medicine Practices” (Thesis No.
934204), submitted to Atatiirk University in 2025.

RESULTS

Of the cases included in the study, 74.1% (n=205) were
male and 25.9% (n=72) were female, resulting in a male-to-
female ratio of 2.85. The mean age at the time of trauma was
40.1£16.69 years. A significant difference in mean age was ob-
served between male and female patients at the time of injury
(t(275)=-1.992, p=0.047); on average, male patients were ap-
proximately 4.5 years younger than female patients (Table 1).

The most common cause of fractures across all age groups
was VO-MVA (56.3%), followed by motor vehicle accidents
involving vulnerable road users (VRUs-MVA) (15.5%) and
high-energy falls (HEF) (13.4%). Assault (9.4%) and other
causes (5.4%) were less frequently observed.

A statistically significant association was found between age
group and trauma etiology (x2(12)=32.518; p=0.001), indi-
cating that the distribution of etiologies differed across age
groups. The highest proportion of cases was observed in the
|8—44-year age group (53.1%). VO-MVA was the predominant
etiology in both the 0—17 and 18—44-year age groups. HEF and
assault were also relatively more common among individuals
aged 1844 years. In the 45—64 and 265-year age groups, VO-
MVA and HEF were the predominant injury mechanisms.

Analysis of the relationship between sex and fracture etiology
using Pearson’s chi-square test did not demonstrate a statisti-
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Table |I. Association between trauma etiology and demographic and clinical characteristics

Etiology (n, %)
VO-MVA VRUs-MVA HEF Assault Other Total (n, %) P
Age group (years) 0.001
0-17 7 (2.5) 6(2.2) - | (0.4) 2 (0.7) 16 (5.8)
1844 93 (33.6) 12 (4.3) 18 (6.5) 17 (6.1) 7 (2.5) 147 (53.1)
45-64 45 (16.2) 17 (6.1) 18 (6.5) 8 (2.9) 6(2.2) 94 (33.9)
265 Il 4) 8 (2.9) | (0.4) - - 20 (7.2)
Sex 0.074
Male 110 (39.7) 28 (10.1) 32 (11.6) 22 (7.9) 13 (4.7) 205 (74)
Female 46 (16.6) 15 (5.4) 5(1.8) 4(1.4) 2 (0.7) 72 (26)
ISS 0.044
Major (216) 77 (27.8) 29 (10.5) 27 (9.7) 13 (4.7) 8 (2.9) 154 (55.6)
Minor (<16) 79 (28.5) 14 (5.1) 10 (3.6) 13 (4.7) 7 (2.5) 123 (44.4)
Number of fractured vertebrae 0.001
Single fracture 70 (25.3) 24 (8.7) 19 (6.9) 18 (6.5) 10 (3.6) 141 (50.9)
Multiple fractures (2-3) 66 (23.8) 13 (4.7) 5 (1.8) 7 (2.5) 3(l.1) 94 (33.9)
Extensive fractures (24) 20 (7.2) 6(2.2) 13 (4.7) 1 (0.4) 2 (0.7) 42 (15.2)
Treatment 0.007
Conservative 114 (41.2) 39 (14.1) 20 (7.2) 20 (7.2) 10 (3.6) 203 (73.3)
Surgical 42 (15.2) 4(1.4) 17 (6.1) 6 (2.2) 5(1.8) 74 (26.7)
Total (n, %) 156 (56.3) 43 (15.5) 37 (13.4) 26 (9.4) 15 (5.4) 277 (100)

*VO-MVA: Vehicle occupant motor vehicle accident; VRUs-MVA: Motor vehicle accidents involving vulnerable road users; HEF: High-energy fall.

cally significant association (x2(4)=8.523, p=0.074). Similarly,
the likelihood ratio test did not reach statistical significance
(p=0.057). Among male patients (n=205), VO-MVA was the
most common etiology (39.7%), followed by VRUs-MVA
(10.1%) and HEF (11.6%). Among female patients, VO-MVA
was also the predominant cause (16.6%), whereas other eti-
ologies occurred less frequently.

A statistically significant association was identified be-
tween Injury Severity Score category and trauma etiology
(x3(4)=9.789, p=0.044). Among patients with major trauma,
the most frequent etiologies were VO-MVA (27.8%), VRUs-
MVA (10.5%), and HEF (9.7%). In the minor trauma group,
VO-MVA (28.5%) was the most common etiology.

Treatment modality was significantly associated with fracture
etiology (x2(4)=14.163, p=0.007). Among patients treated
conservatively, VO-MVA (41.2%) and VRUs-MVA (14.1%)
were the most frequent etiologies, whereas among surgically
treated patients, VO-MVA (15.2%) and HEF (6.1%) predomi-
nated.

A statistically significant relationship was also observed be-
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Table 2. Distribution of vertebral fractures according to
vertebral level
Vertebral n % Vertebral n %
level level
Cl 4 0.7 T9 9 1.5
C2 16 2.7 TIO 9 1.5
C3 10 1.7 TII 9 1.5
C4 7 1.2 TI2 32 55
C5 12 2.1 LI 83 14.3
Cé 9 1.5 L2 6l 10.5
Cc7 17 2.9 L3 56 9.6
Tl 13 2.2 L4 39 6.7
T2 6 | L5 29 5
T3 5 0.9 S 29 5
T4 9 1.5 S2 23
T5 13 2.2 S3 19 33
Té6 14 24 S4 8 1.4
T7 17 29 S5 4 0.7
T8 14 24 Co 6 |
Total 582 100
865
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Figure 1. Distribution of fracture localization according to trauma etiology. “VO-MVA: Vehicle occupant motor vehicle accident; VRUs-MVA:
Motor vehicle accidents involving vulnerable road users; HEF: High-energy fall; C: Cervical; T: Thoracic; L: Lumbar; S: Sacral; Co: Coc-

cygeal.

tween the number of fractured vertebrae and trauma etiol-
ogy (x*(8)=25.515, p=0.001). Single vertebral fractures rep-
resented the largest group (50.9%), with VO-MVA (25.3%)
being the predominant etiology. Cases with two to three
fractured vertebrae accounted for 33.9% of the cohort and
were primarily associated with VO-MVA (23.8%) and VRUs-

MVA (4.7%). Patients with four or more fractured vertebrae

comprised 15.2% of cases, with HEF (4.7%) representing the
most prominent etiology within this subgroup.

A total of 582 vertebral fractures were evaluated according
to anatomical location and trauma mechanism. The thoraco-
lumbar junction (T11-L2) was the most frequently affected
region, accounting for 31.8% (n=185) of fractures. Within the
cervical spine, C2 and C7 were the most commonly affect-

Table 3. Association between fractured spinal segment and associated injuries
Fractured spinal segment (p-value/OR/95% CI)
Region Cervical Thoracic Lumbar Sacral Coccygeal
Head/facial <0.001/3.594/ 0.929/0.971/ 0.114/0.621/ 0.524/0.722/ 0.843/0.804/
1.89-6.826 0.513-1.839 0.343—-1.125 0.265-1.970 0.092-7.022
Thoracic 0.311/0.715/ <0.001/2.618/ 0.765/0.924/ 0.001/3.487/ 0.289/2.346/
0.373-1.370 1.527-4.488 0.550-1.552 1.642-7.406 0.464—11.868
Abdominal 0.189/0.381/ 0.254/0.524/ 0.278/1.718/ <0.001/6.472/ 0.366/2.653/
0.086—1.691 0.170-1.617 0.640-4.615 2.409-17.390 0.295-23.870
Upper extremity 0.441/0.735/ 0.096/1.697/ 0.374/0.758/ 0.003/3.169/ 0.911/0.884/
0.336-1.611 0.906-3.177 0.412-1.397 1.434-7.006 0.101-7.734
Lower extremity 0.225/0.545/ 0.615/0.819/ 0.480/1.298/ 0.007/3.159/ 0.134/3.485/
0.202-1.470 0.376-1.783 0.628-2.685 1.326-7.528 0.615-19.758

*OR: Odds ratio; Cl: Confidence intervals.
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ed vertebrae, with VO-MVA representing the predominant
mechanism of injury. In the thoracic region, Thl2 was the
most frequently fractured vertebra. In the lumbar region, LI
(n=83, 14.3%) and L2 (n=61, 10.5%) were the most com-
monly involved levels, with VO-MVA again representing the
leading cause (Table 2, Fig. I).

The relationship between associated injuries and spinal frac-
ture location was further examined. A significant association
was identified between head and facial injuries and cervical
fractures (x2(1)=16.433, p<0.001). Patients presenting with
traumatic lesions involving the head and face had a 3.6-fold
higher likelihood of sustaining cervical fractures than those

Table 4. Treatment approaches and surgical techniques applied in patients with traumatic spinal fractures
n %
Treatment approach
Conservative treatment 203 733
Surgical treatment 74 26.7
Total 277 100
Surgical techniques performed
Open posterior instrumentation w decompression w/o fusion 5 1.8
Open posterior instrumentation w decompression and fusion 25 9.0
Open posterior instrumentation w/o decompression w fusion 20 72
Open posterior instrumentation w/o decompression w/o fusion 0.7
Balloon kyphoplasty 0.7
Percutaneous posterior instrumentation 22
Anterior instrumentation 10 3.6
Vertebroplasty 4 1.4

*w: with; w/o: without.

Table 5. Frequency and systemic distribution of sequelae in patients with traumatic spinal injury (TSI)

Follow-up physical examination findings n %

Patients with sequelae 87 50

Patients without sequelae 87 50

Total 174 100
Distribution of sequelae according to body system n %

Spinal mobility restrictions 45 46.8
Musculoskeletal system* 2] 21.8
Spinal cord injury 13 13.5
Digestive system 5 5.2
Peripheral nervous system 5 5.2
Mental, psychiatric, and behavioral disorders 3 3.1

Respiratory system 2 2.0
Central nervous system 2 2.0
Total** 96 100

*Excluding the spinal column. **The total number of sequelae (n=96) exceeded the number of patients with sequelae (n=87) because some patients experi-

enced sequelae involving multiple body systems.
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without such injuries (odds ratio [OR]=3.594, 95% CI:
1.892-6.826). A significant association was also observed
between thoracic injuries and thoracic vertebral fractures
03(1)=12.626, p<0.001). Patients with traumatic lesions in-
volving the thoracic region had approximately 2.6 times great-
er odds of sustaining thoracic spine fractures compared with
patients without thoracic injuries (OR=2.618, 95% CI: 1.527-
4.488). Additionally, sacral fractures showed significant asso-
ciations with traumatic lesions involving the thoracic region,
abdominal organs, and upper and lower extremities. Notably,
patients with intra-abdominal organ injuries had a 6.4-fold
greater likelihood of sustaining sacral fractures (OR=6.472,
95% Cl: 2.409—-17.390) (Table 3).

Analysis of treatment methods demonstrated that 73.3%
(n=203) of patients were managed conservatively, whereas
26.7% (n=74) underwent surgical intervention. Among surgi-
cal procedures, the most commonly performed techniques
were open posterior instrumentation with decompression
and fusion (9%, n=25) and open posterior instrumentation
with fusion without decompression (7.2%, n=20) (Table 4).

Following the designated recovery period (minimum 12
months after trauma or final surgical intervention), 174 pa-
tients underwent physical examination at our clinic. Perma-
nent sequelae were identified in 50% (n=87) of these cases.
Among these 87 patients, a total of 96 sequelae were docu-
mented, reflecting that some individuals experienced impair-
ments involving multiple body systems. Analysis of affected
systems showed that 46.8% (n=45) of sequelae were related
to restricted spinal mobility, 21.8% involved the non-spinal
musculoskeletal system, and 13.5% (n=13) resulted from spi-
nal cord injury (Table 5).

DISCUSSION

This study is the first comprehensive regional investigation
from a forensic medicine perspective to evaluate the etiology
of vertebral fractures, trauma severity, treatment approaches,
and long-term outcomes among patients with TSI.

The male-to-female ratio in our cohort was 2.85, which is
consistent with previous reports. Kumar et al.ll reported a
global male-to-female ratio of 3.0, whereas Oliver et al.? re-
ported a ratio of 3.04 in a |3-year study . This finding may
reflect greater exposure among men to occupational hazards,
risk-taking behaviors, and high-energy injury mechanisms.
The mean age of patients was 40.| years, and male patients
were approximately 4.5 years younger than female patients,
with the highest incidence observed in the 18—44-year age
group. These findings are consistent with the meta-analysis by
Kumar et al.,['! which reported a mean age of 40 years for TSI
globally (9), and with Leucht et al.! who demonstrated that
traumatic spinal fractures occur more frequently in young
adults. The younger age distribution among men in our co-
hort suggests that young males may represent a particularly
vulnerable population for TSI.
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Regarding etiology, VO-MVA was the leading cause of injury,
followed by VRUs-MVA, HEF, assault, and other mechanisms.
Previous studies from different international settings have
identified motor vehicle accidents and falls as the principal
causes of TSL.”# Global epidemiological analyses similarly
identify road traffic accidents and falls as the predominant
mechanisms.['l Therefore, the etiological distribution ob-
served in our cohort is consistent with the literature. How-
ever, because a substantial proportion of cases were referred
for disability assessment following traffic accidents, VO-MVA
and VRUs-MVA may be overrepresented in our sample.

A significant association was identified between age group
and injury etiology, indicating that mechanisms of injury vary
across age groups. The predominance of traffic accidents
among young adults (18—44 years) is consistent with previ-
ous reports. Kumar et al.l'! reported that motor vehicle ac-
cidents account for 36.5% of TSI cases among young adults in
high-income countries. Likewise, El-Faramawy et al.l”! identi-
fied traffic accidents as the leading cause of spinal injuries
among young men and recognized this population as a high-
risk group.These findings support strengthening traffic safety
measures targeting young adults, including speed regulation
and prevention of impaired driving. Among individuals aged
265 years, the relatively high proportion of VRUs-MVA sug-
gests increased vulnerability among elderly pedestrians. Oli-
ver et al.”! reported that older individuals experience a higher
risk of pedestrian traffic accidents and may sustain more se-
vere spinal injuries. Additionally, the increased frequency of
high-energy falls among middle-aged individuals (45-64 years)
may reflect greater exposure to occupational hazards and
physically demanding activities. Leucht et al.[¥! identified falls
as the second most common cause of spinal injury in this age
group, particularly among individuals employed in construc-
tion and industrial sectors. These observations emphasize
the importance of strengthening workplace safety policies,
including adherence to personal protective equipment and
preventive health measures.

In our study, we investigated the association between TSI
etiology and both trauma severity (major vs. minor trauma
according to the ISS) and the number of vertebral fractures.
Our findings indicate that trauma mechanisms influence
both injury severity and the number of vertebral fractures.
VRUs-MVA and HEF were significantly associated with major
trauma. Approximately two-thirds of patients in the VRUs-
MVA group and three-quarters of patients in the HEF group
sustained major trauma. Previous studies have similarly dem-
onstrated that severe trauma and multiple fractures occur
more frequently among unprotected pedestrians and indi-
viduals sustaining falls from height.l'"] These findings suggest
that injury mechanisms lacking protective energy-absorbing
elements may result in more severe trauma.

Similarly, a significantly greater proportion of multiple verte-
bral fractures (24 levels) was observed in HEF cases. Leucht
et al.¥! reported that 77% of type B and C fractures according
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to the AO (Arbeitsgemeinschaft fiir Osteosynthesefragen)
classification system were associated with traffic accidents
and falls. This finding supports the concept that high-energy
falls can generate simultaneous traumatic loading across mul-
tiple spinal segments.

On the other hand, the relatively high frequency of minor
trauma and single vertebral fractures among patients involved
in VO-MVA is noteworthy. Previous studies suggest that pas-
sive safety measures in modern vehicles, such as seat belts
and airbags, may reduce the transmission of traumatic forces
to the body and thereby decrease the risk of severe injuries
and multiple fractures.*! In contrast, cases involving HEF
and VRUs-MVA, which generally lack comparable protective
mechanisms, were associated with greater trauma severity
and a higher incidence of multiple vertebral fractures in our
cohort. Therefore, clinicians should maintain a high index of
suspicion for major trauma and multiple spinal fractures, par-
ticularly in patients presenting after VRUs-MVA or HEF.

Analysis of the anatomical distribution of 582 vertebral frac-
tures demonstrated that the thoracolumbar junction (T11-
L2) was the most frequently affected region. Within this re-
gion, LI had the highest fracture frequency, followed by L2
and T12. These findings are consistent with previous studies
identifying the thoracolumbar junction as the most common
site of traumatic spinal injury.l*'%'2 Within the cervical re-
gion, C2 and C7 were more frequently affected than other
cervical vertebrae, with VO-MVA representing the predomi-
nant etiology. Bakhsh et al.l'¥l similarly reported that C2 is
the most commonly injured cervical vertebra. This pattern
may be explained by the biomechanical characteristics of C2
within the atlantoaxial complex and the location of C7 at the
cervicothoracic transition zone, both of which are exposed
to increased mechanical stress.*' These findings support the
concept that traumatic vertebral fractures occur more fre-
quently at biomechanical transition zones and highlight the
importance of careful radiological evaluation of these regions.

Within the sacral region, S| and S2 were the most frequently
affected vertebrae, with VRUs-MVA, VO-MVA, and HEF rep-
resenting the predominant etiologies. The increased contri-
bution of HEF in this region is noteworthy. Sacral fractures
are widely recognized as indicators of high-energy trauma and
frequently occur in association with pelvic ring injuries.l'™! Ac-
cordingly, careful assessment of both the sacrum and pelvic
ring is required in patients presenting after HEF.

Spinal fractures are inherently complex injuries, and associ-
ated fractures or organ injuries may further complicate evalu-
ation and management. Assessment may be particularly chal-
lenging in unconscious patients. In this context, our study
aimed to assess the association between associated injuries
and the likelihood of fractures in specific anatomical regions
of the spine. Patients with head and facial trauma demonstrat-
ed a 3.6-fold greater likelihood of cervical fractures. Previous
studies have reported similar associations between traumatic
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head injury, facial fractures, and cervical spine fractures.['s!"]
Likewise, patients with thoracic injuries had a 2.6-fold greater
likelihood of thoracic vertebral fractures. Existing evidence
demonstrates that concomitant thoracic injuries frequently
accompany thoracic spine fractures.l'®#?%! These findings em-
phasize the importance of careful evaluation of the thoracic
spine, particularly the thoracolumbar junction, in patients
presenting with thoracic trauma.

Sacral fractures were associated with the broadest pattern
of concomitant injuries.?'"! Significant associations were ob-
served with injuries involving the thorax, abdomen, and up-
per and lower extremities. Most notably, intra-abdominal
organ injuries increased the likelihood of sacral fracture by
6.4-fold. These findings suggest that sacral fractures should
prompt evaluation for injuries involving adjacent anatomical
structures, particularly intra-abdominal organs and the pelvic
ring.

Treatment selection in traumatic vertebral fractures depends
on fracture stability, neurological status, and patient-specific
considerations. In our study, conservative treatment was
applied in 73.3% of cases, supporting its continued role as
the primary approach for stable fractures.”? Among surgi-
cal procedures, open posterior instrumentation and fusion
predominated, emphasizing the importance of stabilization
in unstable injuries.””® The relatively limited use of minimally
invasive procedures suggests that these techniques remain
reserved for selected indications; however, minimally inva-
sive surgery may represent an effective alternative in patients
unsuitable for conservative management, particularly those
with polytrauma or significant comorbidities such as obesity
or compromised pulmonary function.?’]

Half of the patients in our cohort developed sequelae fol-
lowing completion of recovery, highlighting the substantial
long-term morbidity associated with traumatic spinal frac-
tures. This finding is consistent with Filiberto et al.,* who
reported mild-to-moderate functional impairment following
spinal fracture. Restricted spinal mobility represented the
most common sequela, underscoring the direct impact of
vertebral injury on long-term physical function.

Traumatic spinal cord injury is one of the most severe com-
plications of TSI because of its profound functional, social,
and economic consequences for affected individuals, their
families, and caregivers. In 2021, approximately 15.4 million
individuals worldwide were estimated to be living with SCI.
] Leucht et al.? reported neurological deficits in 24.7%
of patients with traumatic spinal fractures. Consistent with
previous findings, spinal cord injury accounted for 13.5% of
sequelae in our cohort. The identification of multi-system se-
quelae in patients with TSI in our study highlights the broad
and persistent impact of these injuries.

These findings support multidisciplinary long-term follow-up
and early initiation of comprehensive rehabilitation programs.
Future prospective studies incorporating forensic medicine
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evaluation may further strengthen multidisciplinary assess-
ment of these complex cases.

Limitations

Despite being the first comprehensive study examining trau-
matic spinal fractures from a forensic medicine perspective,
several limitations should be acknowledged. First, the ret-
rospective design may have introduced information bias and
incomplete data collection. Second, selection bias is possible
because many patients were referred for disability assess-
ment following traffic accidents, potentially leading to over-
representation of VO-MVA and VRUs-MVA and limiting the
generalizability of etiological findings. Third, although statisti-
cal thresholds (p=0.05) were applied (using chi-square and
Fisher’s tests), clinically meaningful associations may have
been overlooked; for example, the association between sex
and etiology approached significance (p=0.074) but was not
statistically confirmed. Finally, as a single-center study, these
findings may not be fully generalizable to broader populations.
Prospective multicenter studies are needed to validate these
findings.

CONCLUSION

Research addressing the etiology and long-term outcomes of
traumatic spinal injury is limited. In this context, our study
represents the first comprehensive regional forensic medicine
evaluation of traumatic spinal fractures. Our findings clinically
relevant evidence to support the prevention, diagnosis, and
management of these injuries and may inform public health
strategies. The results emphasize the importance of strength-
ening traffic safety measures, implementing fall-prevention
programs, and improving occupational safety standards. Fur-
thermore, our findings reinforce the need to maintain a high
index of suspicion for spinal fractures in patients presenting
after high-energy trauma or with associated organ injuries
and highlight the critical importance of timely triage and com-
prehensive clinical evaluation.
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ORIJINAL CALISMA - 0Z

Travmatik spinal kiriklar: Adli tip klinigi 6rneginde epidemiyolojik ve klinik
degerlendirme

AMAC: Travmatik spinal yaralanmalar (TSY), ciddi morbiditeye neden olan 6nemli bir halk sagligi sorunudur. Bolgesel bir adli tip perspektifi sunan
ilk calisma olarak, Atatiirk Universitesi Adli Tip Anabilim Dali’na (2020-2022) basvuran travmatik spinal kiriklarin klinik ézelliklerini, etiyolojik fak-
torlerini, yaralanma modellerini ve uzun donem sekellerini retrospektif olarak incelemeyi amaglamistir.

GEREC VE YONTEM: Atatiirk Universitesi Adli Tip Anabilim Dali'nda 2020-2022 yillari arasinda degerlendirilen 12.029 olgunun tibbi kayitlari ince-
lendi. Spinal kirigi dogrulanan toplam 277 olgu ¢alismaya dahil edildi. Demografik veriler, etiyoloji, ISS (Yaralanma Siddet Skoru), kirik seviyeleri, eslik
eden lezyonlar ve tedavi yontemleri analiz edildi. En az 12 ay takibi olan |74 hastada uzun dénem sekeller degerlendirildi.

BULGULAR: Hastalarin %74.1"i erkek (erkek/kadin orani: 2.85) olup, yas ortalamasi 40.1£16.69 idi. En sik goriilen etiyoloji arag igi trafik kazas
(AITK) (%56.3) iken, bunu korunmasiz yaya kazalari (KYK) (%15.5) ve yiiksek enerijili diisme (YED) (%13.4) izledi. Yas ile etiyoloji arasinda istatis-
tiksel olarak anlamli bir iligki saptandi (p=0.001); 18-44 yas grubunda AITK baskinken, 65 yas tstii grupta KYK oranlari artti. KYK ve YED kaynakli
yaralanmalarin major travma (ISS >16) (p=0.044) ve goklu vertebra kiriklari (p=0.001) ile anlamli diizeyde iligkili oldugu goriildi. En sik etkilenen
bolge torakolumbar bileske (T [-L2) (%31.8) idi. Bas/yiiz travmasi ile servikal kiriklar (OR=3.59; %95 GA: 1.89-6,82) ve karin igi organ yaralan-
malari ile sakral kiriklar (OR=6.47; %95 GA: 2.40-17.39) arasinda anlamli korelasyon saptandi. Takip edilen olgularin %50'sinde kalici sekel gézlendi;
bunlar arasinda en sik spinal hareket kisitliligi (%46.8) ve spinal kord yaralanmasi (%13.5) yer aldi.

SONUC: Arag igi trafik kazalari spinal kiriklarin en sik nedeni olsa da korunmasiz yaya kazalari ve yiiksek enerijli diismeleri iceren kazalar, daha yiik-
sek yaralanma siddeti ve ¢oklu kiriklarla sonuglanmaktadir. Klinisyenler, eslik eden bag travmasi olan hastalarda servikal, batin yaralanmasi olanlarda
ise sakral kiriklar agisindan stipheci olmalidir. Ozellikle yiiksek enerjili travma ve eslik eden organ yaralanmasi olan vakalarda, spinal kirik riski nede-
niyle hizli triyaj ve dikkatli degerlendirme hayati nem tasimaktadir. Bulgularimiz, travmatik spinal kiriklarin ciddi uzun dénem morbiditesini ortaya
koymakta ve multidisipliner takibin dnemini vurgulamaktadir.

Anahtar sozclikler: Adli tip; eslik eden yaralanma; epidemiyoloji; travmatik omurilik yaralanmasi; travmatik spinal yaralanma
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