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Abstract
Study design A hospital-based retrospective epidemiological study.
Objective To describe the demographic and epidemiological characteristics of patients with traumatic spinal cord injury
(TSCI) in Xi’an to help health-related institutions formulate corresponding measures.
Setting People with TSCI, all spine centres and orthopaedic centres in Xi’an, China.
Methods We retrospectively reviewed the medical records of the all spine centers or orthopedic centers in Xi’an according
to the International Classification of Disease Version 10 (ICD-10) and diagnostic code of TSCI. Variables included gender,
age, medical insurance, etiology, occupation, level of injury, and severity of injury, multiple injury, complication, treatment,
and so on.
Results The study included the medical records of 1730 patients with TSCI from 2014 to 2018. The estimated annual
incidence rate increased from 39.0 cases (95% CI, 34.7–43.3 cases) per 1 million persons in 2014 to 43.2 cases (95% CI,
39.0–47.5 cases) per 1 million persons in 2018. The leading cause of TSCI was high falls (35.5%, 614 cases). The most
common injury site was the cervical spinal cord, accounting for 55.7% (963 cases). The degree of injury severity with the
highest proportion was incomplete tetraplegia (47.2%, 816 cases). In addition, 71.4% (1236 cases) of TSCI cases had spinal
fracture or dislocation.
Conclusions There are specific epidemiological characteristics of TSCI patients in Xi’an, and preventive measures are
suggested to be based on the characteristics of the different types of patients with TSCI and focused on high-risk groups.

Introduction

Traumatic spinal cord injury (TSCI) is highly disabling. It
places a heavy burden on individuals, families and society
as a whole because of the labour loss, the need for long-
term rehabilitation, the occupation of a large amount of
medical resources and expensive medical costs. Developed

countries in Europe and the United States have identified
the epidemiological characteristics of TSCI patients through
large-scale domestic investigations. Although injury pre-
vention initiatives have attempted to reduce the occurrence
of TSCI, the incidence and prevalence of TSCI have been
increasing, with the annual incidence rate estimated to be
10.4–83 cases per million persons in North America and
Western Europe. [1–4]

In China, studies reported an annual incidence rate of
23.7 per million persons in Tianjin [5] and 60.6 per million
persons in Beijing [6]. The epidemiological characteristics
of TSCI vary across regions with different economic levels
and economic periods. It is of great importance to conduct
such epidemiological research at the local population level.
Xi’an is the city with the largest population (more than 10
million residents in 2019) and the highest-level economy in
northwest China. However, at present, very little is known
and has been reported about epidemiological research on
TSCI in Xi’an. Therefore, our hospital-based retrospective
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study aimed to examine the demographics and epidemio-
logical characteristics of patients with TSCI in Xi’an to help
health-related institutions develop measures to determine
the best allocation of medical resources to ease financial and
social burdens.

Methods

Study design and participants

We retrospectively reviewed the medical record data of all
spine centres and orthopaedic centres that qualified to
treat patients with TSCI in the city from 2014 to 2018
using the International Classification of Diseases Version
10 (ICD-10) and the diagnostic code for TSCI. People
who with TSCI live in Xi’an will eventually be referred to
these centers due to standardized hierarchical medical
system. The cases from these centres are representative of
the population of Xi’an. The inclusion criteria were as
follows: (1) met the diagnostic criteria for TSCI; (2)
newly injured patients; (3) patients admitted to the hos-
pital from January 1, 2014, to December 31, 2018; (4)
patient often lives in Xi’an; and (5) in-hospital medical
records with complete key information. The exclusion
criteria were as follows: (1) patients who died before
hospitalization; (2) emergency department patients who
were never hospitalized; (3) referrals between hospitals
only recorded the first time; and (4) patients undergoing
rehabilitation or outpatient follow-up care. For any patient
undergoing rehabilitation or post-acute care, we obtained
the medical records from the first or major receiving
hospital after the injury. The Ethics Committee of Xi’an
Honghui Hospital and the ethics committee of each par-
ticipating centre approved the review process and waived
the requirement to obtain patients’ written informed
consent. All methods were performed in accordance with
the GATHER Statement guidelines.

Data collection

Questionnaires

Referring to the relevant methods of epidemiological
research on TSCI globally, experts at Xi’an Honghui Hos-
pital designed a medical record questionnaire based on
methods include binary selection and multiple selection to
rely on software formatting to collect the data we need.
According to the rationality, scientific credibility, necessity
and feasibility of the investigation project, multiple rounds
of argumentation, modification and field testing were per-
formed until the collected information sufficiently reflected
the epidemiological characteristics of TSCI in Xi’an. Then,

the final version of the questionnaire was created, and the
corresponding database was established.

The following survey indicators were finalized: (1)
general information of patients (name, age, sex, ID number,
occupation, residence address, medical insurance, telephone
number); (2) relevant information regarding the TSCI (date
of injury, cause of injury, date of admission, injury level,
severity of injury [complete and incomplete injuries, it was
judged by investigators according to the description of the
sensation and motor dysfunction of the limbs for the first
time in the medical records of the patient at the time of
admission], with spinal fracture or not); (3) multiple inju-
ries; (4) treatment options (surgery or rehabilitation, surgi-
cal procedures and approach); (5) clinical complications
over the whole length of a person’s stay [such as pneu-
monia, bedsores, deep venous thrombosis, etc] and (6)
inpatient death and the cause of death. The patients were
divided into eight age groups: ≤14, 15–24, 25–34, 35–44,
45–54, 55–64, 65–74, and ≥75-years-old. Occupations were
categorized as civil servants, professional technicians,
enterprise staff, workers, peasants, students, freelancers,
self-employed individuals, unemployed individuals, retired
individuals, and all other occupations not classified above.
The aetiologies included injuries caused by traffic accidents,
sports, low falls (height ≤1 m), high falls (height >1 m), and
other causes. The levels of injury were divided into the
cervical spinal cord, thoracic spinal cord, and lumbosacral
spinal cord. A complete injury was defined as the absence
of sensory and motor function in the lowest sacral segments.

Quality control

Experienced investigators were selected to participate in
data collection. Relevant personnel were repeatedly trained
before data collection, a manual of procedures was dis-
tributed, and detailed instructions for administration of the
questionnaires and data entry were provided. In the inves-
tigation stage, two investigators were assigned to each
investigation unit, and they separately extracted and verified
the data and signed the questionnaire as the party respon-
sible for the authenticity of the data. Any problems
encountered by the investigators during the investigation of
medical records was solved through timely discussion and
consultation with experts. Strict review of the completed
questionnaires and re-examination of unqualified ques-
tionnaires was performed to ensure the quality of the data
entered. In the data entry phase, a double entry verification
system was adopted. After all data were entered, the epi-
demiologist checked the database data, and the investigator
traced the discovered abnormal values back to the paper
questionnaire or even the original medical records to
determine the source and to correct the error value gener-
ated during the data extraction process.
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Statistical analysis

We used Epidata software version 3.1 (Epidata Association,
Odense, Denmark) for data entry and management and
Microsoft Office Excel 2019 to check and save data. Ana-
lyses were performed with SAS (version 9.1). The mea-
surement data are expressed by absolute value and mean ±
standard deviation and median, and the classification data
and ranked data are expressed by absolute value, rate and
composition ratio.

Results

General characteristics of patients with TSCI

A total of 16 centers in Xi’an were investigated. The study
included the medical records of 1730 patients with TSCI
from 2014 to 2018; the mean (SD) age of patients was 50.1
± 14.8 years and a median of 51 years with a male to female
ratio of 2.91:1, and males accounted for 74.2%. Although
the total number of ward beds in the study hospitals
remained unchanged over the study period, the number of
TSCI admissions increased (2014: 318, 2015: 336, 2016:
320, 2017: 357, 2018: 399). The highest proportion of
TSCIs occurred in the 45–54 age group (28.2%, 487 cases),
followed by the 55–65-year-old group (21.3%, 369 cases)
and the 55–64-year-old age group (21.3%, 369 cases). The
most common occupational groups were peasants and
workers, accounting for 60.1% (1041 cases) of the total.
Regarding medical insurance, 37.3% (645 cases) of all
patients with TSCI had no insurance, and 31.2% (539 cases)
used rural cooperative medical care insurance. The length of
hospital stay ranged between 1 and 234 days, with a mean
length of 17.9 ± 16.6 days and a median of 14 days. The
general characteristics are shown in Table 1.

Incidence of TSCI

As shown in Table 2, the estimated annual incidence rate
was 39.0 cases [95% CI (Confidence interval), 34.7–43.3
cases] per 1 million persons in 2014 and 43.2 cases (95%
CI, 39.0–47.5 cases) per 1 million persons in 2018, with an
annual average of 41.0 cases (95% CI, 36.6–45.3 cases) per
1 million persons. The overall crude incidence rates of TSCI
were 59.5 (95% CI, 52.2–66.8) and 21.5 (95% CI,
17.0–26.0) per million persons (on average per year) for
males and females, respectively. Age-stratified incidence
rates showed an increasing trend in the 15–64-year-old age
groups among the male population (for instance, an increase
from an estimated 58.8 (95% CI, 40.6–77.1 cases) cases/
million persons in 2014 to 87.0 (95% CI, 64.8–109.2 cases)
cases/million persons in 2018 for the 35–44-year-old age

group) and a decreasing trend in the ≥35-year-old age
groups among the female population (for instance, a
decrease from an estimated 44.3 (95% CI, 27.9–60.6 cases)
cases/million persons in 2014 to 20.2 (95% CI, 10.3-30.1
cases) cases/million persons in 2018 for the 45–54-year-old
age group). For the overall population, a high rate of
decrease in TSCI incidence from 2014 to 2018 was
observed in elderly persons (≥65 age groups) (for instance,
from 89.6 (95% CI, 63.7–115.4 cases) cases/million persons
to 62.3 (95% CI, 44.1–80.5 cases) cases/million persons in
the 65–74-year-old age group). Age- and sex-stratified
numbers of cases and estimated incidence rates and the
population estimates used to calculate incidence rate are
provided in the Supplementary online resources.

Aetiology of the injuries

As shown in Fig. 1a, the leading causes of TSCI in Xi’an
are high falls (35.5%, 614 cases), traffic accidents (26.6%,
461 cases) and low falls (26.7%, 462 cases). Observing the
distribution of the causes of injury (Fig. 1b), we found that
in the 15–24-year-old age group, the highest cause was high
falls (54.8%, 40 cases), which tended to decrease with
increased age. The proportion in the ≥75-year-old age group
reached 21.5% (14 cases). The proportion of low falls in the
15–24-year-old age group was 12.3% (9 cases), and the
proportion increased with age and reached 50.8% (33 cases)
(≥75-year-old age group). The leading cause of injury in
patients with incomplete tetraplegia was traffic injury
(33.2%, 271 cases), and the leading cause of injury in the
remaining group was still high falls (Fig. 1c). The leading
cause of injury in patients with injury levels in the cervical
spinal cord was traffic accidents (32.3%, 311 cases); in
patients with injury levels in the thoracic spinal cord and
lumbosacral spinal cord, the leading cause was high falls
(47.3% and 50.0%, respectively) (Fig. 1d).

Injury level

The most common injury that patients with TSCI suffered
was cervical spinal cord injury (SCI) (963 cases), which
accounted for 55.7% of all cases, followed by thoracic and
lumbar injuries (241 and 526 cases, respectively) (Fig. 2a).
There was a tendency for the proportion of cervical SCI to
increase with age, and the proportion in the ≥75-year-old age
group (73.8%, 45 cases) was the highest. The proportion of
lumbosacral SCIs decreased with increasing age and was only
15.4% (ten cases) in the ≥75-year-old age group (Fig. 2b).

Severity of injury

The degree of injury severity with the highest proportion in
the included TSCI patients was incomplete tetraplegia
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Table 1 Characteristics of patients With TSCI.

Complete tetraplegia
(n= 124)

Incomplete tetraplegia
(n= 817)

Complete paraplegia
(n= 254)

Incomplete paraplegia
(n= 535)

Total
(n= 1730)

Sex

Male 95 (5.5) 622 (36.0) 216 (12.5) 354 (20.5) 1287 (74.4)

Female 29 (1.7) 195 (11.3) 38 (2.2) 181 (10.5) 443 (25.6)

Age group, years

≤14 1 (0.1) 8 (0.5) 2 (0.1) 5 (0.3) 16 (0.9)

15–24 6 (0.3) 23 (1.3) 14 (0.8) 30 (1.7) 73 (4.2)

25–34 17 (1.0) 72 (4.2) 40 (2.3) 62 (3.6) 191 (11.0)

35–44 11 (0.6) 112 (6.5) 59 (3.4) 110 (6.4) 292 (16.9)

45–54 35 (2.0) 225 (13.0) 68 (3.9) 159 (9.2) 487 (28.2)

55–64 33 (1.9) 189 (10.9) 51 (2.9) 96 (5.5) 369 (21.3)

65–74 19 (1.1) 146 (8.4) 15 (0.9) 57 (3.3) 237 (13.7)

≥75 2 (0.1) 42 (2.4) 5 (0.3) 16 (0.9) 65 (3.8)

Occupation

Civil servants 1 (0.1) 8 (0.5) 1 (0.1) 10 (0.6) 20 (1.2)

Professional technicians 1 (0.1) 11 (0.6) 3 (0.2) 14 (0.8) 29 (1.7)

Enterprise staff 3 (0.2) 20 (1.2) 5 (0.3) 23 (1.3) 51 (2.9)

Workers 17 (1.0) 93 (5.4) 32 (1.8) 61 (3.5) 203 (11.7)

Peasantsa 57 (3.3) 408 (23.6) 142 (8.2) 231 (13.4) 838 (48.4)

Students 4 (0.2) 16 (0.9) 7 (0.4) 15 (0.9) 42 (2.4)

Freelances 3 (0.2) 23 (1.3) 4 (0.2) 16 (0.9) 46 (2.7)

Self-employed 1 (0.1) 13 (0.8) 1 (0.1) 9 (0.5) 24 (1.4)

Unemployed 0 (0.0) 8 (0.5) 4 (0.2) 10 (0.6) 22 (1.3)

Retired 4 (0.2) 48 (2.8) 5 (0.3) 17 (1.0) 74 (4.3)

Other 33 (1.9) 169 (9.8) 50 (2.9) 129 (7.5) 381 (22.0)

Medical insurance

None 46 (2.7) 293 (16.9) 108 (6.2) 198 (11.4) 645 (37.3)

Rural cooperative medical care 35 (2.0) 254 (14.7) 80 (4.6) 170 (9.8) 539 (31.2)

Urban residents basic health
insurance

11 (0.6) 61 (3.5) 13 (0.8) 43 (2.5) 128 (7.4)

Urban employees basic medical
insurance

3 (0.2) 39 (2.3) 7 (0.4) 20 (1.2) 69 (4.0)

Commercial insurance 0 (0.0) 5 (0.3) 0 (0.0) 5 (0.3) 10 (0.6)

Free medical service 3 (0.2) 31 (1.8) 14 (0.8) 32 (1.8) 80 (4.6)

Other 26 (1.5) 134 (7.7) 32 (1.8) 67 (3.9) 259 (15.0)

Cause of injury

Traffic accidents 33 (1.9) 271 (15.7) 43 (2.5) 114 (6.6) 461 (26.6)

Sports 1 (0.1) 18 (1.0) 1 (0.1) 2 (0.1) 22 (1.3)

Low falls 29 (1.7) 262 (15.1) 30 (1.7) 141 (8.2) 462 (26.7)

High falls 48 (2.8) 192 (11.1) 145 (8.4) 229 (13.2) 614 (35.5)

Other 13 (0.8) 74 (4.3) 35 (2.0) 49 (2.8) 171 (9.9)

Injury level

Cervical spinal cord 121 (7.0) 759 (43.9) 27 (1.6) 56 (3.2) 963 (55.7)

Thoracic spinal cord 1 (0.1) 33 (1.9) 122 (7.1) 85 (4.9) 241 (13.9)

Lumbosacral spinal cord 2 (0.1) 25 (1.4) 105 (6.1) 394 (22.8) 526 (30.4)

With spinal fracture

No 35 (2.0) 395 (22.8) 25 (1.4) 39 (2.3) 494 (28.6)

Yes 89 (5.1) 422 (24.4) 229 (13.2) 496 (28.7) 1236 (71.4)
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(47.2%, 816 cases), followed by incomplete paraplegia
(30.9%). The proportion of complete injuries (21.8%) was
as follows: 8.6% in the cervical spine, 7.2% in the thoracic
spinal region, and 6.2% in the lumbar spine.

Level and type of fracture

A total of 71.4% (1236 cases) of TSCI cases had spinal
fractures or dislocations. The most common level of fracture
that patients with TSCI suffered was cervical (37.1%, 515
cases), followed by lumbosacral and thoracic (34.7% and
28.2%, respectively). The proportion of TSCIs combined
with cervical vertebrae fractures in all age groups gradually
increased with age, up to 53.3% (≥75-year-old age group),
while the proportion of lumbosacral vertebrae fractures
gradually decreased with increasing age, with the lowest
proportion being 20.0% (≥75-year-old age group) (Fig. 3a).
In the cervical spine, the C5 (7.9%, 161 cases) and C6
(10.4%, 211 cases) vertebral bodies were more commonly
combined with fractures, and the major fracture type was
dislocation. T12 (9.6%, 195 cases) had the highest pro-
portion of fractures in the thoracic spine, and burst fractures
were the main fracture type. In the lumbar spine, L1
(14.7%, 299 cases) and L2 (8.1%, 164 cases) were easily
combined with fractures, and the fracture type was mainly
burst fracture (Fig. 3b).

Multiple injuries

With regard to multiple injuries, injuries to the chest
(37.6%, 514 cases) accounted for the highest proportion
among all TSCI patients, followed by those to the head
(33.7%, 460 cases) and limbs (18.8%, 257 cases) (Online
Resource 5.3 Fig. 4A). Although there were insufficient
data in the ≥75-year-old age group, the distribution of
multiple head injuries in the rest of the age groups showed a
trend of increasing with age, up to 44.3% (65–74-year-old
age group). Multiple limb and pelvic injuries showed a
tendency to decrease with increasing age (Online Resource

5.3 Fig. 4B). The distribution of multiple injuries for dif-
ferent causes of injury was also different. The leading site
for multiple injuries caused by traffic accidents and low falls
was the head (38.2% and 47.1%, respectively). However, in
patients experiencing high falls, the site was the head
(40.4%) (Online Resource 5.3 Fig. 4C).

Clinical complications

A total of 24.7% (427 cases) of patients with TSCI
experienced clinical complications, of which 28.2% (211
cases) had respiratory complications, electrolyte disorders
(17.7%, 132 cases) and venous thrombosis (15.1%, 113
cases) (Online Resource 6.3 Fig. 5A). The main clinical
complication of injuries at the cervical and thoracic levels
was still respiratory distress (31.2% and 31.4%, respec-
tively); however, for injuries at the lumbosacral level, the
main complication was venous thrombosis (23.2%) (Online
Resource 6.3 Fig. 5B).

Treatment options

A total of 1274 (73.6%) patients underwent surgical treat-
ment, and the main surgical procedure was decompression,
fixation and bone graft fusion, occurring in a total of 993
(77.9%) patients (Table 3). Regarding the surgical
approach, 381 (29.9%) patients underwent anterior surgery,
and 846 (66.4%) patients underwent posterior surgery. A
total of 511 (29.5%) patients underwent inpatient
rehabilitation.

Death and the cause of death

Thirteen (0.75%) patients died during hospitalization, and
the oldest was 89 years old. Of these 13 patients, 76.9% (10
cases) died from respiratory failure. The injury level of 11
(84.6%) dead patients was in the cervical spinal cord, 6
(46.2%) dead patients had experienced high falls, and 5
(38.5%) dead patients had been in traffic accidents.

Table 1 (continued)

Complete tetraplegia
(n= 124)

Incomplete tetraplegia
(n= 817)

Complete paraplegia
(n= 254)

Incomplete paraplegia
(n= 535)

Total
(n= 1730)

Multiple injury

No 45 (2.6) 460 (26.6) 71 (4.1) 285 (16.5) 861 (49.8)

Yes 79 (4.6) 357 (20.6) 183 (10.6) 250 (14.5) 869 (50.2)

Complication

No 45 (2.6) 670 (38.7) 149 (8.6) 439 (25.4) 1303 (75.3)

Yes 79 (4.6) 147 (8.5) 105 (6.1) 96 (5.5) 427 (24.7)

Data are n (%), % mean the proportion of n to a total of 1730 patients.
aPeasant means a farmer or agricultural worker of low status.
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Discussion

Although many epidemiological articles on TSCI have been
published, the advantage of our research is that it is more
useful to a more local audience as the main area of difference

is in how local factors affect the previously documented
epidemiology. To our knowledge, the current study is the first
hospital-based retrospective study on TSCI in Xi’an city.

We found that the average age of Xi’an TSCI patients
(50.1 ± 14.8) was higher than the global average age of

Fig. 1 Proportion of different layers of aetiology. a Bar graph of aetiology for TSCI patients; b distribution of aetiology for TSCI patients by age
group, c severity of injury, and d injury level.

Fig. 2 Proportion of different
layers of injury level. a Bar
graph of injury level for TSCI
patients; b distribution of injury
level for TSCI patients by age
group.

Fig. 3 Injury level and type of injury. a Distribution of fracture level for TSCI patients by age group and (b) by type of fracture.
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TSCI patients (33 years) [7], which was also higher than the
average age of Chinese TSCI patients reported in a previous
review [8]. Previous studies have shown that the age of
patients with TSCI has a bimodal distribution [9–11];
however, this study had a unimodal distribution for age.
Most of the injuries were in the 45–54-year-old age group
(28.2%, 487 cases), followed by the 55–64-year-old age
group (21.3%, 369 cases), which shows that adults are still
the main population that has TSCI. We also found that men
in Xi’an have a higher risk of suffering from TSCI than
women (2.91:1). This is in accordance with a previous study
on TSCI conducted in Chongqing [12]. According to other
countries’ data, for patients with TSCI, the ratio of males to
females was 2.3–2.8:1 in the United States from 1993 to
2012 [3]; in Australia, the ratio from 2002 to 2012 was
~1.5–2.4:1. The main reason is that most women are
housewives with low-risk occupations, but men are more
likely to engage in high-risk work outdoors [9, 10]. The
imbalance between men and women in China may be one of
the factors that make the male-female ratio slightly higher
than that in other countries.

Moreover, this study revealed that the main aetiologies of
TSCI in Xi’an included high falls (35.5%, 614 cases), traffic
accidents (26.6%, 461 cases), and low falls (26.7%, 462
cases). A 2011 report from Tianjin [5], a 2017 report from
Guangdong [13], and the present study all found that high

falls were the leading cause in most cities of China. High
falls mainly occur at construction sites, and the Chinese
government has increased economic support for the north-
western region in recent years and vigorously pursued
infrastructure construction. The construction unit needs to
strengthen the individual’s awareness of safety and security,
focus on monitoring the safety and quality of production,
and provide a safe working environment. Low falls are an
important cause of TSCI in Xi’an, and a tendency for them
to increase with increased age means that low-energy
injuries mainly occur in elderly individuals. Therefore, fall
prevention in older people needs more attention than pre-
vention measures for other risk factors. The main cause of
injury in patients with incomplete tetraplegia was traffic
injury (33.2%, 271 cases), followed by low falls (32.1%,
262 cases). Previous investigations have reported that cer-
vical SCI is most likely to occur when suffering a whiplash
injury to one’s neck during a traffic accident or when an
elderly person falls, and most cases are incomplete tetra-
plegia [14]. Our findings that the main cause of injury in
patients with cervical SCI was traffic injury (32.3%, 311
cases), followed by low falls (32.1%, 309 cases),
demonstrate this.

Cervical injuries were most common, which accounted
for 48.7% (963 cases) of the total cases, which is in
accordance with a previous study [9, 15, 16]. We found that
the proportion of persons with cervical SCI increased sig-
nificantly with age. The possible reason for this outcome is
that degeneration and hyperplasia of the cervical vertebrae
are obvious with increasing age. Cervical spinal canal ste-
nosis is caused by disc herniation and ossification of the
ligamentum flavum, and the volume of the spinal canal
available for compensation is significantly reduced during
trauma; thus, even low-energy trauma, such as a low fall,
can easily cause damage to the spinal cord. We also found
that the proportion of low falls continues to increase
with age.

Traumatic spinal cord injury with spinal fracture is more
common than without fracture. The C5 and C6 vertebrae
were more common in cervical spinal fracture, and the L1
and L2 vertebrae were more common in lumbar spinal
fracture, showing a bimodal distribution. This finding is
consistent with previous research conclusions [12, 17], but
we further studied the types of fractures and found that the
most common fracture form of C5 and C6 vertebrae was
dislocation and that the fracture types of T12 vertebrae and
L1 and L2 vertebrae were mainly burst fractures. We found
that the proportion of TSCIs with cervical spine fractures
increased with age, and the proportion of lumbosacral
fractures decreased with increasing age. This may be
because with increasing age, people’s bones gradually
become looser, and they are slow-moving, have decreased
vision, slow protective responses, etc., which makes it

Table 3 Treatment options followed by patients with TSCI by the
severity of the injury.

Severity of Injury, n (%)

Complete Incomplete Total

Treatment

Conservative 89 (5.1) 367 (21.2) 456 (26.4)

Surgery 289 (16.7) 985 (56.9) 1274 (73.6)

Surgical procedures

Simple spinal cord
decompression

2 (0.2) 7 (0.5) 9 (0.7)

Decompression and fixation 46 (3.6) 180 (14.1) 226 (17.7)

Decompression, fixation
and fusion

234 (18.4) 759 (59.6) 993 (77.9)

Other 7 (0.5) 39 (3.1) 46 (3.6)

Surgical approach

Anterior 49 (3.8) 332 (26.1) 381 (29.9)

Posterior 227 (17.8) 619 (48.6) 846 (66.4)

Combination of Anterior and
Posterior

10 (0.8) 26 (2.0) 36 (2.8)

Other 3 (0.2) 8 (0.6) 11 (0.9)

Rehabilitation

No 269 (15.5) 950 (54.9) 1219 (70.5)

Yes 109 (6.3) 402 (23.2) 511 (29.5)

Data are n (%), % mean the proportion of n to a total of 1730 patients.
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easier to fall. A large number of studies have confirmed that
low falls are the most common cause of cervical fractures in
elderly patients [18], and in our study, the rising proportion
of falls that cause injury with age better explains the above
situation. Previous studies have confirmed that fractures in
elderly persons mainly occur in the thoracolumbar region,
mostly due to osteoporosis combined with low-energy
injury. The type of injury is mainly compression and rarely
causes damage to the thoracolumbar spinal cord [19].
Therefore, burst fractures of the thoracolumbar spine caused
by high energy damage are relatively rare in elderly
patients.

In this study, multiple injuries were more common in the
chest, but previous research has shown that the main mul-
tiple injury site is the head and that the main cause of injury
is traffic accidents [11, 20]. Our research also found that
high falls are most likely to cause chest injuries, and traffic
accidents and low falls are most likely to be involve head
injuries. The current results demonstrated that 24.7% (427
cases) of patients with TSCI experienced clinical compli-
cations, and the three main complications were respiratory
complications (28.2%, 211 cases), electrolyte disorders
(17.7%, 132 cases) and venous thrombosis (15.1%, 113
cases). Respiratory complications such as pulmonary
infections are the most common complication in TSCI. This
finding has become a common consensus.

We found that 1274 (73.6%) patients underwent surgical
treatment. The mainstream surgical approach involves
decompression, fixation and bone graft fusion. The poster-
ior approach is more common than the anterior approach.
Only minority of the TSCI patients (29.5%) received
rehabilitation, the following possible reasons were sum-
marized: (1) Medical resources for post-traumatic rehabili-
tation in Xi’an are still relatively scarce, and only some
large trauma centers have rehabilitation departments. (2)
Doctors pay more attention to the surgical treatment of
spinal cord injury than to rehabilitation. (3) The concept of
rehabilitation is relatively backward, still dominated by the
concept of rehabilitation of traditional Chinese medicine,
with little effect. (4) The surgical treatment of spinal cord
injury is expensive, and the heavy economic burden makes
patients have to give up rehabilitation treatment. We hope
that the Xi’an government will increase its investment in the
construction of the system of rehabilitation and attract more
professional rehabilitation professionals to improve the
current predicament.

In all of the patients included in this study, only 13 patients
(0.75%) had in-hospital deaths, with a mean length of 17.8 ±
17.2 days and a median of 14 days, which was significantly
lower than the US-reported average in-hospital mortality rate
of 7.5% in 2010–2012 [3]. We consider that the death data of
this study are heavily influenced by traditional Chinese con-
cepts. For example, for patients with severe TSCI who need to

be maintained by a ventilator, family members who choose to
give up treatment due to economic burden will maintain the
patient’s vital signs until they return home. Outcomes
regarding the main causes of death, main causes of injury, and
major injury levels for patients who died in-hospital were the
same as those in previous studies [20–22].

There are some limitations in this study. First, similar to
previous studies, our research did not take into account
those who died at the scene of the injury or in the emer-
gency department; therefore, the incidence of TSCI may be
underestimated. We lost some information because many
complications and treatments were not fully diagnosed or
recorded in the medical records. This study was a hospital-
based descriptive study about TSCI.

The epidemiological characteristics of TSCI described in
this study are somewhat different from those described in
other countries. High falls were the main cause, and the mean
age of patients with TSCI was older than that in other
countries. The most frequently reported high-risk occupations
in patients with TSCI were peasant and worker. Adult males
are still a high-risk group for TSCI. We advocate instituting
appropriate preventive policies and taking appropriate mea-
sures according to the characteristics of different types of
TSCI patients, especially for high-risk groups.
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