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Analysis of the causes and types of traumatic
spinal cord injury based on 561 cases in China from
2001 to 2010

R Hua1,3, J Shi1,3, X Wang1, J Yang1, P Zheng1, H Cheng1,2, M Li1, G Dai1 and Y An1,2

Objectives: A remarkable increase in traumatic spinal cord injury (TSCI) morbidity has occurred in China from 2001 to 2010 due to
rapid industrial and economic development; this increase seriously threatens public health. The current study investigated the major
causes and severity of TSCI in 561 hospitalized TSCI patients who came from all over China to the General Hospital of Chinese
People’s Armed Police Forces.
Methods: Information (including each patient’s age, gender, time and cause of injury and severity of spinal cord injury (SCI, complete
or incomplete)) regarding 561 hospitalized TSCI patients whose injuries occurred between 2001 and 2010 was retrospectively
analyzed.
Results: Among the 561 patients, the youngest was 9 months old and the oldest was 67 years old; the average patient age was
34.74±12.24 years. The sex ratio was 4.1:1 (male:female). The injuries were primarily caused by transportation accidents (51.2%),
falling from a height (23.9%), tamping (8.6%), stumbling (8.0%), stabbing (3.0%) and crushing (1.8%). Although no statistically
significant associations were observed between the different injury causes and severity of the injury, a statistically significant
association was observed between the different injury causes and levels of the lesion.
Conclusion: Transportation accidents, falling from a height, tamping, stumbling, stabbing and crushing are the most common causes
of TSCI. No statistically significant relationships were observed between certain injury causes and either complete or incomplete
injury. However, different injury causes usually led to different levels of the lesion. No statistical differences were observed between
the levels of the lesion and either complete or incomplete injury.
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INTRODUCTION

Traumatic spinal cord injury (TSCI) refers to any injury to the spinal
cord that is caused by direct or indirect trauma. TSCI patients may
suffer from conditions such as spasticity, sensory changes, sphincter
dyssynergia and exaggereted reflex activities. The symptoms and signs
vary depending on the levels of the lesion. TSCIs seriously threaten
public health and longevity. The survival rate of TSCI patients is 30%
lower than that of the total population during the same period.1,2

Because of the rapid development of industries and the industrial
economy in China, the incidence of TSCIs has rapidly increased.
However, due to lack of large samples and multi-center investigations,
it is difficult to obtain accurate epidemiological data regarding the
details of TSCIs across the country. Studies have demonstrated that
TSCI incidence per million population per year is 73.0 in Taiwan
(2000–2003), 15.0 in Australia (2007–2008), 44.0 in Russia (1994–
1996), 13.8 in Finland (1976–2005) and 40.0 in USA (2005).3–7 It is
estimated that the annual incidence in Beijing is 60.6 per million,8

which is much higher than the reported figures for some other
countries and regions. A 10-fold increase has occurred in Beijing

compared with the rates from the 1980s (6.8 per million) to 2002 (60
per million).
A constant increase in the incidence of TSCIs was observed in many

studies conducted within and outside of China. Transportation
injuries were the leading injury cause of TSCIs in many developed
countries, such as the USA, Canada, Australia, New Zealand and some
West European countries.9–13 However, falling was the primary injury
cause of TSCI in developing countries, such as Russia, Pakistan, Nepal
and some portions of southern Asia.14–16

Similar to other developing countries, the top three causes of TSCI
in the hospitalized patients in Beijing (according to a sampling survey
conducted in 2002) were falling from a height (37.5%), transportation
accidents (26.9%) and being struck by an object (16.3%).8 In the
present study, 561 TSCI patients whose injuries occurred between
2001 and 2010 were recruited. These patients came from all over
China. This study primarily focused on the following questions:
(1) What are the top causes of TSCI in update China? (2) Is there any
correlation between the causes of TSCI and the severity of the injury
(complete or incomplete injury)? and (3) Is there any correlation
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between the causes of TSCI and the levels of the lesion? We used these
questions to examine epidemiological data regarding TSCIs between
2001 and 2010.

MATERIALS AND METHODS

Patients
All 561 TSCI patients whose injuries occurred between 2001 and 2010 received

routine emergency treatment in their local hospitals after onset. They were

then transferred to our hospital (one of the most qualified Chinese hospitals

for TSCI repair and rehabilitation that is open to the entire population) for

further care and rehabilitation. A retrospective analysis was performed

following the hospitalization. All of the cases were confirmed as TSCIs based

on the clear history of traumatic injury, magnetic resonance imaging and

physical examination. Information was collected from each patient, including

the patient’s age, gender, injury time and injury causes.

Standards

1. Classifications of TSCI injury causes: According to version 1.2 of the

International Classification of External Causes of Injuries, the causes of the

patients’ injuries were categorized as follows: (1) transportation accident—

any incident involving a transportation device, including traffic injuries;

(2) falling from a height— of at least 1m above the ground; (3) tamping—

hit or struck by a moving object; (4) stumbling—slipping or falling on

the same level; (5) stabbing—being stabbed with a knife, sword or

other sharp implement; (6) crushing—being squeezed horizontally between

heavy objects.

2. Classifications of the severity of the injury: One method is to classify a SCI

as either a complete injury or an incomplete injury. ‘Complete injury’ refers

to complete spinal cord transaction, which results in total denervation

below the level of the lesion. ‘Incomplete injury’ refers to a partial

transaction of the spinal cord, which results in incomplete denervation

below the level of the lesion.17 Another method is to classify the SCI defined

by the skeletal level according to the anatomical identity of the level of the

lesion. The spinal cord is anatomically divided into the cervical, thoracic

and lumbar cords according to the location in the bony spinal column.

Therefore, injuries can be classified as cervical, thoracic or lumbar cord

injuries. With the exception of patients with a single level of the lesion,

patients may also have TSCIs with combined cervical and thoracic cord

injuries or combined thoracic and lumbar cord injuries.

Data
Original medical records were typed into a SQL database. The derived data

were statistically analyzed using the SPSS 16.0 software program. The

measurements include the means, maxima, minima and standard deviations.

Comparisons of the frequency of injury within the group were performed with

the chi-square test and Po0.05 was used as the cutoff for statistical

significance.

RESULTS

The TSCI patients in this study ranged from 9 months old to 67 years
old; the average patient age at baseline was 34.74±12.24 years; the
average patient age at injury was 31.85±12.15 years; there were 451
men (80.4%) and 110 women (19.6%), which resulted in a sex ratio
of 4.1:1, respectively (Table 1). There were 280 complete injury cases
(49.9%) and 281 incomplete injury cases (50.1%). The six most
common causes of injury, which were the focus in further analyses,
were transportation accidents (51.2%), falling from a height (23.9%),
tamping (8.6%), stumbling (8.0%), stabbing (3.0%) and crushing
(1.8%). The total number of patients with these six main injury
causes was 541.It also showed that the mean(±s.d.) age of stumbling
was 40.67±12.73 years, which was older than the high falls
group (P¼ 0.003, 95% confidence interval, 2.17–10.28) (Table 1).

Statistically significant differences in the causes of SCI were observed
between genders (P¼ 0.003). For both male and female patients, the
most common cause of injury was transportation accident (49.8% of
male patients and 66.1% of female patients), and the second most
common injury cause was falling from a height (26.4% of male
patients and 18.3% of female patients) (Table 2).
The injury causes did not correlate with whether the resulting

injuries were complete or incomplete among the 561 TSCI patients
(P¼ 0.251). The ratios of incomplete injuries to complete injuries due
to different injury causes were 137:150, 64:70, 25:23, 25:20, 13:4 and
4:6 for transportation accidents, falling from a high place, tamping,
stumbling, stabbing and crushing, respectively (Table 3).
A statistically significant correlation was observed between the

levels of the lesion and the different injury causes among the 561
TSCI patients (Po0.001). Different injury causes usually led to
injuries in specific levels of the lesion. For example, among the 561
patients included in this study, 55.7% of the transportation accidents
resulted in cervical cord injuries, 45.5% of the falls from a height
resulted in cervical cord injuries, 39.6% of the tampings resulted in
thoracic cord injuries, 55.6% of the stumblings resulted in
cervical cord injuries, 64.7% of the stabbings resulted in thoracic
cord injuries and 60.0% of the crushings resulted in thoracic cord
injuries (Table 4).

Table 1 Cause of TSCI among the 561 patients

Cause Cases Percentage

(%)

Age at baseline

(Years)

Age at injury

(Years)

Transportation

accident

287 51.2 34.41±12.72 31.73±12.34

Falling from a

height

134 23.9 34.44±11.32 31.84±11.51

Tamping 48 8.6 34.15±8.84 31.51±9.46

Stumbling 45 8.0 40.67±12.73 37.74±13.22

Stabbing 17 3.0 28.35±14.66 23.78±11.69

Crushing 10 1.8 28.10±7.52 26.30±7.02

Gunshot wound 6 1.1 29.33±6.38 24.33±5.57

Diving 6 1.1 36.67±11.33 21.67±13.31

Spinal surgery 4 0.7 52.75±0.50 50.25±0.50

Blunt-force trauma 2 0.4 50, 52a 47.50±2.12

Traction by machine 2 0.4 21, 36a 19, 26a

Total 561 100 34.74±12.24 31.85±12.15

Abbreviation: TSCI, traumatic spinal cord injury.
aThe actual age of the two patients.

Table 2 Comparison of primary causes among TSCI patients

according to gender

Primary cause Gender

Male Female

Transportation accident 215 (49.8%) 72 (66.1%)

Falling from a height 114 (26.4%) 20 (18.3%)

Tamping 46 (10.6%) 2 (1.8%)

Stumbling 33 (7.6%) 12 (11.0%)

Stabbing 14 (3.2%) 3 (2.8%)

Crushing 10 (2.3%) 0

Total 432 (100.0%) 109 (100.0%)

P value 0.003

Abbreviation: TSCI, traumatic spinal cord injury.
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No statistically significant correlation was observed between the
levels of the lesion and the severity of the injury (complete or
incomplete) among the 561 TSCI patients (P¼ 0.048). Cervical cord
injury was the most common injury in both incomplete (48.3%) and
complete (47.9%) TSCIs (Table 5).

DISCUSSION

Previous studies have shown that male SCI patients outnumber
female SCI patients.6–8 In Beijing, the 2002 sampling survey shows
that the ratio of males to females was 3.11:1.ref.3 In the current
study, the gender ratio is 4.1:1, which also indicates that males
account for the majority of TSCIs. In both male and female patients,
transportation accidents are the primary injury cause of TSCIs,
accounting for 49.8% and 66.1% of all TSCIs, respectively. The six
most common TSCI injury causes in this study are transportation
accidents, falling from a height, tamping, stumbling, stabbing and
crushing, which is consistent with the results of relevant studies that
were conducted during the last two decades in some developed
countries (USA, 2008; Canada, 1997–2001; Australia, 2006–07) and
China (Beijing, 2007).9–11,18 The epidemiological analysis of TSCI
patients in Beijing in 2007 demonstrated that transportation accidents
caused 44.3% of TSCIs18 (significantly higher than the 22.3%4

reported in 2002), becoming the primary injury cause of all TSCIs.
In the current study, 51.2% of TSCIs were caused by transportation
accidents; this result is higher than the figure obtained from Beijing in
2007.18 Compared with previous studies, the current study reveals the
following characteristics: (1) The average age of the patients in the
study is 34.74±12.24 years, which is similar to the average age of
TSCI patients in other developing countries. The mean age is lower in
Iran (31 years), Russia (34.2 years) and Jordan (33 years).5,14,19 The
younger average age of TSCI patients in developing countries is

related to the large number of young people working in the industrial
economy and inherent habits and lifestyles. For example, young
people usually sleep on rooftops during hot summers in Turkey, and
young people climb trees to pick fruit in South Asia. Activities such as
these are more likely to cause TSCIs. (2) Transportation accidents
have become the primary injury cause of TSCIs. In 2002, the primary
cause of TSCIs in Beijing was falling from a high place, which was
related to the accelerated industrialization process and the flourishing
construction industry during that period. However, 5 years later,
transportation accidents had replaced falling from a height as the
primary cause of TSCIs in Beijing. The number of private cars in
Beijing was less than 1.2 million in 2002, nearly 2.4 million in 2007
and nearly 4.8 million in 2010, representing an approximately
fourfold increase over 8 years. The percentage of TSCIs caused by
transportation accidents was 49.8%, which was twice as high as in
2002; this increase is also consistent with the increased number of
vehicles. This phenomenon has spread all over China, which suggests
that the Chinese government must further strengthen transportation
safety. Both medical and insurance institutions should modify their
strategies to address this trend.
Transportation accidents, falling from a height and stumbling

primarily cause cervical cord injuries (approximately 50% of each
injury cause leads to SCIs). Tamping, stabbing and crushing primarily
cause thoracic cord injuries, accounting for 39.6%, 64.7% and 60.0%
of the TSCIs, respectively. This specific cause–level relationship
can be explained by the anatomical characteristics of the spinal
column; cervical vertebrae are small but highly mobile, which allows
them to be easily dislocated, causing cervical cord injury.20 The ribs
and thoracic vertebrae form the thoracic cavity, which limits
the movement of the thoracic vertebrae and stabilizes them.
Therefore, only a violent external force or from the insertion of a
foreign object into the narrow space between two vertebrae can
damage the thoracic cord.

Table 3 Comparison of the severity of the injury

Cause The severity of TSCI

Incomplete Complete

Transportation accident 137 (51.1%) 150 (54.9%)

Falling from a height 64 (23.9%) 70 (25.6%)

Tamping 25 (9.3%) 23 (8.4%)

Stumbling 25 (9.3%) 20 (7.3%)

Stabbing 13 (4.9%) 4 (1.5%)

Crushing 4 (1.5%) 6 (2.2%)

P value 0.251

Abbreviation: TSCI, traumatic spinal cord injury.

Table 4 Analysis of primary injury causes and the levels of the lesion of the 561 TSCI patients

Cause The levels of the lesion

Cervical cord Cervico-thoracic combined cord Thoracic cord Thoracico-lumbar combined cord Lumbo-sacral cord

Transportation accident 160 (55.7%) 13 (4.5%) 94 (32.8%) 13 (4.5%) 7 (2.4%)

Falling from a height 61 (45.5%) 3 (2.2%) 45 (33.6%) 11 (8.2%) 14 (10.4%)

Tamping 14 (29.2%) 0 19 (39.6%) 11 (22.9%) 4 (8.3%)

Stumbling 25 (55.6%) 2 (4.4%) 11 (24.4%) 2 (4.4%) 5 (11.1%)

Stabbing 4 (23.5%) 0 11 (64.7%) 2 (11.8%) 0

Crushing 1 (10.0%) 1 (10.0%) 6 (60.0%) 1 (10.0%) 1 (10.0%)

P value o0.001

Abbreviation: TSCI, traumatic spinal cord injury.

Table 5 Analysis of the severity of the injury and the levels of the

lesion

The severity

of the injury

The levels of the lesion

Cervical

cord

Cervico-thor-

acic combined

cord

Thoracic

cord

Thoracico-

lumbar com-

bined cord

Lumbo-

sacral cord

Incomplete 129 (48.1%) 10 (3.7%) 84 (31.3%) 22 (8.2%) 23 (8.6%)
Complete 136 (49.8%) 9 (3.3%) 102 (37.4%) 18 (6.6%) 8 (2.9%)
P value 0.048
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No relationship was observed between the injury causes and the
severity of TSCI (complete or incomplete). The ratio of incomplete to
complete injuries due to transportation accidents, falling from a
height, tamping, stumbling, stabbing and crushing were 137:150,
64:70, 25:23, 25:20, 13:4 and 4:6, respectively; these ratios were not
significantly different. As mentioned above, the ability of a TSCI event
to lead to complete or incomplete TSCI is apparently related to the
severity of the external forces and the anatomical structure of the
levels of the lesion. Injuries to more vulnerable spinal spots and
injuries caused by more powerful external forces were more likely to
cause complete TSCIs.
This retrospective analysis of 561 hospitalized TSCI cases injured

between 2001 and 2010 in China reveals two primary conclusions.
First, with economic development, the incidence and etiology of
TSCI in China is changing from that of developing countries to that
of developed countries, which mirrors China’s changing economic
position in the world. For example, transportation accidents (51.2%)
have eclipsed falling from a height to become the leading injury cause
of TSCIs in China; this phenomenon differs from other developing
countries or regions. Transportation accidents have become the
primary cause of TSCIs in China owing to the rapid increase in
the number of motor vehicles. A lifestyle involving more non-manual
labor and private cars, similar to that in developed countries, has
contributed to this change. The average age of the patients in our
study was younger than the data reported for developed countries.
Because developed countries typically contain higher proportions of
older individuals, TSCI patients are typically older in developed
countries. Second, although different injuries usually led to injuries
in specific levels, the injury cause is not statistically correlated with
the severity of TSCI (complete or incomplete). A relationship exists
between complete or incomplete TSCI and the severity of the
external forces and the anatomical structure of the spinal cord.
Although this study has some limitations, such as the small sample

size, lack of the information on seat belt or helmet use and the single
source of patients, it is a valuable supplement to TSCI epidemiology
and provides updated data on TSCIs in China. The study also
demonstrates how the modernization of China has affected the
incidence and nature of TSCIs, which is useful for the Chinese
government, hospitals and medical insurance companies.
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