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SUMMARY
Background. Traumatic spinal cord injury (SCI) can cause functional changes in patients of different ages. 
Material and methods. The study aims to determine whether there are social, clinical, and radiological dif-

ferences between young, middle-aged, and elderly adults with SCI caused by a ground-level fall. This retro-
spective study analyzed the records of patients with a clinical diagnosis of SCI. It enrolled patients with trau-
matic spinal cord injury after a ground-level fall divided as follows: young aged adults 18–35 years of age (G1);
middle-aged adults aged 36–60 years (G2); and elderly adults aged over 60 years (G3). Their clinical, social,
and radiological variables were analyzed.

Results. It is observed that low schooling level, being widowed, and being a homemaker were more fre-
quently encountered among elderly adults, whereas being single was more common in middle-aged adults. The
morphologic diagnosis of compression fracture and the associated injury of facial trauma occurred more fre-
quently in elderly adults, with an increasing tendency with age. Conservative therapeutic management was most
commonly encountered in elderly adults, compared to surgery from a posterior approach in middle-aged adults.
Listhesis was better identified in middle-aged adults by computed tomography (CT). Spinal cord contusion and
injury to the C1 vertebra were demonstrated in young adults by magnetic resonance imaging (MRI). 

Conclusions. SCI patients differ with regard to certain aspects at different ages. Level of evidence: II.
Retrospective study.
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BACKGROUND
Traumatic spinal cord injury (SCI) is a lesion that

can affect several spinal structures, including the ver-
tebrae, spinal cord, ligaments, and other adjacent parts
of the spine [1,2]. Damage to these structures may
result in partial or total loss of function, depending
on the injured complex [1]. The injury mechanisms
include direct or indirect trauma due to falls, automo-
bile accidents, gunshot injuries, and others [1,3].

Falls are the second leading cause of SCI in Bra -
zil [4] and developed countries [3]. The management
of these patients entails high costs for the health care
system [1]; therefore, knowing the specific and dis-
tinct characteristics of this patient population may
help to direct preventive measures to improve care
and reduce expenses.

Physiological changes occurring during adulthood
[5] can lead to changes in clinical and radiological
characteristics [4,6,7]. Reis and Fradique proposed
one way of stratifying the phases of adulthood [8], by
categorizing the population as young, middle-aged,
and elderly adults. This stratification allows for the
identification of characteristics in specific groups and
evaluation of these changes throughout life [8], which
can guide policies and reduce costs for the govern-
ment in the management of these patients [1].

Therefore, this study aimed to determine whether
there are social, clinical, and radiological differences
between young, middle-aged, and elderly adults who
suffered spinal trauma as a result of a ground-level fall.

MATERIAL AND METHODS
This retrospective, descriptive, and inferential stu dy

applied an intentional non-probabilistic sampling
method to collect medical records from the Hospital de
Base de São José do Rio Preto, a tertiary reference cen-
ter [9]. The study was approved by the Institutio nal
Ethics Committee of the Faculdade de Medicina de Rio
Preto (FAMERP, n. 806.452) according to the ethical
aspects of Resolution 466/12 do Conselho Nacional de
Saúde/Conselho Nacional de Ética em Pesquisa.

Data were obtained from the medical records of
440 patients admitted between 2008 and 2018. The
study included elective patients with traumatic SCI due
to a fall. Patients with no diagnosis or incomplete age
data were excluded. Age-based groups were form ed as
described in other studies [8,10,11]. The indivi duals
were divided into the following groups: young adults
(18–35 years of age, G1); middle-aged adults (36–60
years, G2); and, elderly adults (over 60 years, G3).

Data on social variables including sex, marital sta -
tus, educational level, religion, and occupation were
collected. Similarly, data on clinical variables includ-

ed syndromic presentation, topography and morpho-
logic diagnosis of injury, neurological status (on ad -
mission and outcome), associated lesions, therapeu-
tic management, clinical complications during hospi-
talization, and outcome. Computed tomography (CT)
and magnetic resonance imaging (MRI) examination
reports were also analyzed.

The following syndromic presentations were con-
sidered: cervicalgia, decreased strength, dorsal pain,
low back pain, paraparesis, paraplegia, paresis, pare -
sthesia, tetraparesis, and tetraplegia [12]. The topog-
raphy was classified as described elsewhere [11,12]
and included injuries to the cervical (C1–C7), tho-
racic (T1–T10), thoracolumbar transition (T1–L2),
and lumbosacral (L3–S1) regions [13]. The morpho-
logic diagnoses of injury were based on those de -
fined by Denis [14] and included spinal cord contu-
sion, compression fracture, dislocation fracture, lin-
ear fracture in the vertebral body, odontoid fracture,
burst fracture, fracture in the posterior elements, pos-
terior ligamentar complex injury, and listhesis. The
neurological status (admission and outcome) was de -
scribed using the American Spinal Injury Association
(ASIA) scale [15].

Associated injuries identified at admission were
listed, as defined by Melo Neto et al. [11,12], as fol-
lows: appendicular lower limb, appendicular upper
limb, thoracic trauma, facial trauma, traumatic brain
injury (TBI), and others. Therapeutic management was
categorized as conservative or surgical, with the sur-
gical approaches including an anterior vs. posterior
approach [11,12]. Clinical complications during hos-
pitalization included shock, late hemodynamic insta-
bility, respiratory failure, cardiorespiratory arrest, pne -
umonia (PNM), sepsis, and others. The outcomes in
the present study were discharge or mortality.

Radiological parameters of patients who under-
went MRI and CT were included in the analysis. These
patients initially underwent clinical evaluations and
treatment according to the Advanced Trauma Life Sup -
port (ATLS) guidelines [16], followed by a neurolo -
gical evaluation and a CT examination to confirm
SCI. The criteria for this initial clinical and neurolog-
ical evaluation, as well as the criteria for performing
magnetic resonance and computed tomography of the
spine, were as described by Morais et al. [17].

The criteria included any suspicious X-ray ima -
ging findings, inadequate radiographic exams, back
pain, and persistent sensory, motor, or autonomic de -
ficits. MRI was not performed in patients with gun-
shot wounds; those requiring immediate neurosur -
gery; those with cardiovascular, respiratory, or neu-
rological instabilities; or those with devices, such as
pacemakers, surgical forceps, and/or intraocular pro -



stheses. The examination reports were completed by
radiologists and reviewed by neuroradiologists at the
Radiology Service of the Hospital de Base de São
José do Rio Preto, SP. 

The CT examinations were performed using a Phi -
lips Tomoscan SR 4000 system (Philips Medical Sys -
tems, Best, Netherlands) with the patients placed in
dorsal decubitus on a stretcher. The protocol includ-
ed multidetector-row helical CT of the affected seg-
ments in 2-mm sections and image reconstruction in
the axial, coronal, and sagittal planes. MRI studies
were performed using a 1.5 Tesla Philips Gyroscan
Intera T15 system (Philips Medical Systems, Best,
Netherlands) with the patients placed in dorsal decu-
bitus on a table. Images were acquired in the follow-
ing sequences: axial T2 and multiplanar gradient re -
called (MPGR) T2*; sagittal T1, T2, T2 selective
par tial inversion recovery (SPIR)/FAT, and coronal
proton density (PD). Patients who were agitated or in
a coma were sedated (midazolam or propofol) or sub-
jected to anesthetic induction (nitrous oxide, oxygen,
sevoflurane, or isoflurane) for image acquisition.

The radiological profile included assessments for
compression fracture, dislocation fracture, explosion
fracture, bone swelling, fracture in the posterior ele-
ments (pedicle, articular facets, blade, spinous and
transverse processes, lateral mass, arc and joint cap-
sules), listhesis, spinal canal compression, spinal cord
contusion, spinal cord compression, protrusion, ex -
tra dural hematoma, injuries to the posterior ligament
complex, and injuries to the different vertebrae [17].

The data were described using absolute and rela-
tive frequencies. Chi-square tests (χ²) were applied to
assess differences between groups. The clinical vari-
ables were subjected to trend chi-square tests (χ² Trend)
to determine how the characteristics behaved over
time (increasing or decreasing), as evidenced by the
positivity or negativity of the value of A. The de pen -
dent categorical variables (radiological findings from
CT and MRI) were analyzed using Kappa exact tests
[18] to identify weak (0.01 to 0.33), moderate (0.34
to 0.65), and high (0.66 to 1.00) agreement. Inde pen -
dent categorical variables (CT or MRI at different
stages of life) were analyzed using chi-square tests.
In addition, log-rank and Breslow and Tarone–Ware
tests were applied to analyze the independent varia -
bles along the Kaplan–Meier curve generated to veri -
fy differences in hospitalization periods. P ≤ 0.05
was considered statistically significant.

RESULTS
The total of 128 patients included 21, 52, and 55

in the G1, G2, and G3 groups, respectively. The ana-

lyzed social variables are shown in Table 1. Male pa -
tients were more affected by MRT regardless of age.
Elderly people had less education (1–3 years) than
the other groups. Regarding marital status, the young
adult group showed a higher frequency of being sin-
gle, while the elderly were more often widowed. Re -
garding occupation, being a homemaker was more
fre quently declared by elderly individuals.

Table 2 describes the clinical aspects of the pa -
tients. We observed differences between the groups
in the morphologic diagnosis of the injury, with com-
pression fracture being the most common in the eld-
erly. Face trauma was the most common associated
injury in the elderly, and there was an increasing ten-
dency with age. We observed that conservative and
surgical treatment with a posterior approach were more
frequently employed in elderly and middle-aged pa -
tients, respectively.

The radiological findings diagnosed by MRI and
CT did not differ significantly. Table 3 shows the ra -
diological findings of CT according to age group. We
observed listhesis more frequently in middle-aged
patients. Table 4 presents the radiological findings of
MRI in different age groups, showing that spinal cord
contusion and trauma to the C1 vertebra were more
frequent in young adults.

Figure 1 shows that there were no differences in
the duration of hospitalization between patients with
SCI caused by a fall between the different age groups.

DISCUSSION
Traumatic SCI can result in partial or total loss of

function and may have different clinical presentations
in patients at different ages [1,2,5]. In this study, we
identified differences in social, clinical, and radio-
logical factors at different stages of life. Lower levels
of schooling, being widowed, and being a homema -
ker were more frequently noted among the elderly,
compared to being single for middle-aged patients,
making them more susceptible to developing SCI
after a fall. We also observed that compression frac-
ture and facial trauma occurred more frequently in
elderly patients, with the prevalence of facial trauma
increasing with age. Moreover, conservative therapeu -
tic management was more prevalent in the elderly
while surgery from a posterior approach was more
common in middle-aged adults. Listhesis was better
identified in middle-aged adults by CT. Spinal cord
contusion and injury to the C1 vertebra were best seen
in young adults by MRI.

Chen et al. [19] reported being married to be the
most common among the elderly, in contrast to the
findings in the present study, which showed widower



status to be the most frequent in that population. Chen
et al. [19] also reported that more than one-third of
elderly people with SCI had a high level of school-
ing; in contrast, we observed low levels of education.
The differences between these study findings may be
attributed to different levels of socioeconomic devel-
opment. We observed that being a homemaker was
more common in the elderly, in contrast to another
study in which retired people were more common [19].
The fact that there is no regular retirement for this

profession may have been a determining factor for
the contradictory findings in the literature.

Being single was more common in middle-aged
people in this study. In contrast, Ning et al. [20] and
Feng et al. [21] reported a married status to be most
common at this stage of life. Cultural differences
may explain these contradictory results as these stud-
ies included populations from different (western and
eastern) geographical regions.

Tab. 1. Social variables of patients with SCI caused by a fall at different stages of life: young (G1), middle age (G2) and elderly
adults (G3)



Tab. 2. Clinical variables of patients with SCI caused by a fall at different stages of life: young (G1), middle age (G2) and elderly
adults (G3).



We observed that compression fracture was the
most frequent morphological aspect in the elderly,
consistent with the findings of a previous study [11].
We also observed that facial trauma was the most
common associated injury in the elderly, unlike pre-

vious studies reporting thoracic trauma [6,12] and
traumatic brain injury [11] to be the most common
associated injury. However, these studies did not com -
pare the different life stages and some [6,12] studied
populations with surgical indications.



In addition, we observed that conservative treat-
ment was the most common therapeutic management
in the elderly adults, consistent with previous results
[22], which is supported by the increased risk of pro-
longed intubation and mortality associated with sur-
gical interventions [23]. Posterior arthrodesis surgery
was performed more frequently in middle-aged pa -
tients, similar to reports in other studies [6,12]. The
surgical indication is likely due to the greater impact
of falls leading to more severe consequences.

According to Guarnieri, et al. [24], CT allows li -
mited visualization of the structures adjacent to the
spine; thus, it is more indicated for evaluation of bone

structures in cases of SCI [24]. We observed that CT
provided better visualization of listhesis in middle-
aged patients, as it better identified changes in the
positioning of bone structures.

Regarding MRI-based evaluation, we observed
better visualization of spinal cord contusions and C1
vertebra lesions in young adults, a finding consistent
with that of another study [17] in young adults. In
addition, Lammertse et al. [25] indicated that more
studies are needed to assess radiological conditions,
including spinal cord contusion [25]. Our findings
regarding the predominance of lesions in the C1 ver-
tebra are comparable to those of other studies report-

Tab. 3. Radiological aspects of Computed Tomography of patients with SCI caused by a fall at different stages of life: young (G1),
middle age (G2) and elderly adults (G3)



ing the cervical spine to be the most affected [21,26].
Bozzo et al. [26] also indicated the importance of
MRI in the evaluation of cervical lesions. In addition,
other studies [19,27] reported that cervical spine in -

juries are better identified in patients less than 45
years of age; that is, in young and middle-aged adults,
a result that partially corroborates our findings.

The limitations of this study are related to the dif-

Table 4. Radiological aspects of magnetic resonance imaging of patients with SCI caused by a fall at different stages of life: young
(G1), middle age (G2) and elderly adults (G3)



ficulties of studies utilizing data collected from medi -
cal records and the potential for flaws in the data reg-
istration process [20]. In addition, data collection
was performed by more than one person; thus, while
the data collection was based on similar criteria, the
data were not identical [20]. Feng HY, et al. [21]
reported little detail of the information as a limitation
in his study, as this can affect the analysis and accu-
racy of the information.

CONCLUSION
1.   Elderly adults with low education level, widowed,

and homemakers were more susceptible to SCI
caused by a fall. 

2.   Single marital status was more frequently noted
in young adults. 

3.   The most frequent clinical aspects were the mor-
phological aspect of compression fracture and fa -
cial trauma as an associated injury in elderly adults,
with the occurrence of facial trauma increasing
with age.

4.   Conservative therapeutic management was more
common in elderly adults than surgery from a po -
sterior approach in middle-aged adults. 

5.   Regarding the radiological aspects of CT, listhe-
sis was better identified in middle-aged adults. Spi -
nal cord contusions and C1 vertebra lesions were
better identified in young adults by MRI.
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