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The epidemiological survey of acute traumatic spinal cord injury
(ATSCI) of 2002 in Beijing municipality
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Studydesign: Epidemiological survey.
Objectives: To study the incidence and epidemiology of acute traumatic spinal cord injury (ATSCI) of
2002 in Beijing municipality.
Setting: Beijing.
Methods: After quota sampling, data of all ATSCI patients who were injured in Beijing in 2002 from
sample hospitals were collected for detailed investigation.
Results: In all, 1079 patients were estimated to have ATSCI in 2002 in Beijing municipality and the
annual incidence was 60.6 per million. The incidence increased more than ninefold compared with that
of 6.7 per million between 1982 and 1986. The mean age of patients at the time of injury was 41 years.
The male/female ratio was 3.1/1. The causes of injury were fall from height (37.5%), traffic accidents
(26.9%), struck by object (16.3%) and fall on ground (8.3%), in that order. The mean expenditure of
hospitalisation was 27819.3 RMB in 2002. The proportion of cervical, thoracic and lumbar injuries was
4.9, 28.0 and 65.9, respectively in 2002. The mean time of hospitalisation was 18.9 days and only 1.5%
of the spinal cord injury (SCI) patients went to rehabilitation hospitals after their discharge. The severity
of neurological impairment was not recorded in the majority of hospitals.
Conclusion: There was a rapid increase of the annual SCI incidence from 1982 to 2002 during an
economic boom. Safety regulations are of primary importance in preventing the injury. Once
happened, long-term health insurance is essential for the well-being of the victims. Although some
improvement has been made since 2002, much remains to be done in this direction.
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Introduction

Spinal cord injury (SCI) is a devastating and debilitating

condition that affects all regions of the world.1,2 Its

pathology affects multiple systems of the human body, and

its management could be lengthy and very expensive.

Although on its own, it affects only a small section of the

population, its impact spreads far beyond the victims

themselves to people and institutions surrounding and

supporting them, such as relatives, carers, friends, construc-

tion and other industries, social welfare system, charities,

regulatory bodies and many others. It becomes even more so

in developing countries where nationwide rehabilitation

programs are almost non-existent, and the victims totally

dependent. Prevention is the best way to minimise such

adverse impact. Since early 1990, China has experienced a

sustained economic boom. According to Ackery et al.,1 SCI

incidence was closely related with the economy of the

country. Hence, changes in the incidence and causes of SCI

were expected in China. An epidemiological survey to shed

some light on the issue would be instrumental in formulat-

ing an up-to-date prevention strategy.

Materials and methods

Stratification of data collection

The hospitals in Beijing are divided into two categories

depending upon the nature of their authorities, namely

civilian hospitals and military hospitals. The latter also treat

civilians. Civilian hospitals are subdivided into primary,

secondary and tertiary hospitals according to their size and
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expertise. Military hospitals are mostly tertiary. There is no

specialised centre for trauma. Public and health authorities

recognise a hospital with strong orthopaedic department as

specialised in trauma. In this study, three civilian hospitals

were classified as such. As to SCI, there was and still is no

specialised centre in strict sense, except one. It is known as

the China Rehabilitation Research Centre where acute care

to completion of medical rehabilitation is provided. How-

ever, the general misperceptions that rehabilitation is a

second rate service and acute traumatic spinal cord injury

(ATSCI) patients must be treated surgically have led to the

allocation of these patients to the nearest hospitals where

spine surgery can be done at the earliest. These mispercep-

tions have made spine surgery popular and widely done. The

overwhelming majority of ATSCI patients in these hospitals

do not receive any rehabilitation owing to either financial

restraint or lack of expertise. Hospitals of traditional Chinese

medicine normally do not take ATSCI patients.

The survey was approved by the Beijing Health Bureau and

authorities of military hospital involved in the survey.

The data for the survey were searched in the Information

Center of Beijing Health Bureau, using the term ‘paraplegia’

or ‘tetraplegia’ in Chinese language. The normal practice is

that patients’ data were reported to and archived in the

Bureau after discharge of patients. One thousand seven

hundred and ninety two ATSCI patients were admitted to

civilian hospitals from 1 January to 31 December 2002, while

205 patients were admitted to military hospitals during that

period. Materials from military hospitals were not reported

to the bureau and kept confidential within the military

establishment. However, access to materials of individual

military hospitals was permitted. This was the way data from

relevant military hospitals were collected. There were four

military hospitals well known for taking ATSCI patients.

They were all chosen for the survey. The method of

collecting data was quota sampling. The statistical method

of sampling was designed by the Mathematical Department

of Capital University of Medical Sciences.

Altogether, 1997 patients with ATSCI from 86 hospitals

were documented in the archives. Of these hospitals, 82 were

civilian. Three of the civilian hospitals were more or less

specialised in SCI, although none of them offered compre-

hensive management in strict sense. All their ATSCI patients

were included for analysis. Apart from the 3 specialised

hospitals, of which all were included, the primary principle

of stratification of the other 79 civilian hospitals was their

size and expertise, as just mentioned. They were further

divided into eight zones depending upon their distance from

the city centre. One biggest hospital was chosen from each of

the eight zones to represent the zone and detailed data were

collected for analysis. Of the four military hospitals, two

were randomly chosen for further detailed analysis together

with the civilian hospitals. The high rate of two out of four

was used because military hospitals were normally of high

expertise and attracted more ATSCI patients than average

civilian hospitals. In summary, a total of 13 hospitals,

namely three specialised civilian, eight general civilian and

two military, were included for detailed demographic, social

and medical data collection and analysis.

The survey team was composed of three groups. Each

group consisted of a rehabilitation physician and two

rehabilitation nurses. They had been briefed and trained

for the purpose and standardised method of conducting the

survey before they embarked on the retrospective review of

medical records of ATSCI patients. SPSS10 was used for

statistical analysis.

From the above-mentioned 13 hospitals, the total number

of ATSCI patients was 710. They included those injured in

and outside Beijing. When those injured outside Beijing were

excluded, there were only 264 patients who were injured in

Beijing. These patients serve as the material for epidemiolo-

gical analysis below.

The proportion of ATSCI patients in each category of the

sample hospitals, who were injured in Beijing, was calculated

by dividing the number of these patients in the category by

the total number of ATSCI patients, regardless of their

location of injury:

Proportion of ATSCI patients of each category¼
Number of ATSCI patients in sample hospitals of each category injured in Beijing

Total number of ATSCI patients in and outside Beijing in the category of sample hospitals

Assuming that all hospitals in each category had similar

percentage of ATSCI patients who were injured in Beijing as

the sample hospitals did, then the total number of such

patients in various categories can be calculated using the

following formula: total number of ATSCI patients of all

hospitals in the category�% of patients injured in Beijing in

the category.

Results

Incidence

The average proportions of ATSCI patients in each category

of sample hospitals, who were injured in Beijing, are:

1. General civilian hospitals: 159/252 (63.1%)

2. Specialised civilian hospital: 75/412 (18.2%)

3. Military hospitals: 30/46 (65.2%)

4. The numbers of patients injured in Beijing of all hospitals

in each category are:

5. General civilian hospitals: 1380�63.1%¼870

6. Specialised civilian hospital: 412�18.2%¼75

7. Military hospitals: 205�65.2%¼ 134

8. Total 1079

Hence, the estimate of total of ATSCI occurred in the entire

Beijing municipality in 2002 based on all admissions into

hospitals is 1079.

A total of 1079 patients sustained ATSCI in Beijing. During

this period, the permanent population amounted 14 million,

while floating 3.8 million. The total population was 17.8

million. Hence, the annual incidence of ATSCI was estimated

to be 60 per million population.

Gender and age

Among the 264 ATSCI patients, there were 200 male and

64 female patients, the male/female ratio being 3:1. The
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youngest at the time of injury was 6 years, while the oldest

was 80 years, with a mean age of 41.7 years (Figure 1).

Vocation

The vocational characteristics are shown in Table 1. The

industrial workers and farmers constituted the majority of

62.5%. The large number of unclassified occupation is due to

poor documentation. This on its own indicates that the

overwhelming majority of them were migrant workers in the

construction industry who did not even have a proper

identity in the city.

Cause

The major causes of ATSCI were fall from height, road traffic

accident and hit by an object, in order of frequency. They

constituted 82.2% of all cases. The breakdown is shown in

Table 2.

Level of vertebral injury

The level of vertebral injury and its relation to age are shown

in Figure 2. Apart from 3 patients (1.1%) with unknown level

of injury, cervical injuries were recorded in 13 patients

(4.9%), thoracic in 74 (28.0%), thoracolumbar, lumbar and

lumbosacral in 176 (66.0%). Regardless of the level of injury,

the peak age is always between 30 and 49 years. Neurological

impairment was so poorly documented that the data were

not satisfactory for analysis.

Management

Ninety-seven patients (36.7%) had received surgical treat-

ment for stabilisation of the spine. The remaining 167

patients received conservative treatment.

Length of hospitalisation

The time of hospitalisation was 1–136 days, with a mean of

18.9 days. The details were presented in Figure 3. The reason

of short stay in hospital was financial and lack of rehabilita-

tion facilities in almost all cases.

Expenses of hospitalisation

The average expense of hospitalisation was 27 819.3 RMB

(Chinese currency unit), a rough equivalent of $3500. Of

51.8% of the patients, the expenses were below 5000 RMB,

a rough equivalent of $525 in 2002. The breakdown of

expenses is shown in Table 3.

Destination after discharge from acute hospital

Of the 264 patients, only 4 (1.5%) went to rehabilitation

hospitals after acute hospitals, while 250 (94.7%) went home

without further treatment or rehabilitation. The destinations

of the remaining 10 patients (3.8%) were unclear.

Discussion

Before the current epidemiological survey of ATSCI, there

was another survey conducted in the Beijing municipality

during 1982–1986. The previous one covered the period

when China’s economy began to open to the outside world,
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Figure 1 Age distribution at the time of injury.

Table 1 Vocational distribution of 264 ATSCI patients

Vocation No. of patients Percentage (%)

Worker 79 29.9
Farmer 86 32.6
Clerical staff 15 5.7
Government officials 4 1.5
Unclassified and others* 80 30.3
Total 264 100

Abbreviation: ATSCI, acute traumatic spinal cord injury.

*Most of them are migrant workers without accurate data in the medical

records.

Table 2 Causes of ATSCI

Cause of injury No. of patients Percentage (%)

Fall from a height 109 41.3
Road traffic accident 59 22.3
Struck by object 49 18.6
Sports 3 1.1
Stab 1 0.4
Others 43 16.3
Total 264 100

Abbreviation: ATSCI, acute traumatic spinal cord injury.
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Figure 2 Breakdown of level of vertebral injury in relation to age.
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while the current one experienced a booming economy with

unprecedented pace.

In both surveys, the overwhelming cause of injury was fall

from height, 36% in the previous, while 41% in the current

one. However, the overall incidence had risen drastically

from 6.7 per million to 60 per million population, a little

over ninefold. The populations of these two surveys were not

totally comparable. In the 1987 survey, only permanent

residents were included, while the 2003 SCI survey included

all patients admitted to hospitals of Beijing municipality

regardless of their status of residency, permanent or

temporary. The latter involved a large population of migrant

workers who constituted 70–90% of all workforce in the

construction industry that expanded rapidly and enor-

mously to cope with the pace of the economic develop-

ment.3–5 It was this workforce who sustained fall from height

most despite this difference in inclusion of candidates

between the two studies. The inclusion of migrant workers,

the overwhelming majority of whom were construction

workers, and the colossal scale of construction of 2002

explain the drastic ninefold increase of SCI. The incidence

was the highest of all reports on ATSCI, occurring from late

1980s worldwide.6–30 The high incidence and its pattern can

to certain extent reflect the scale and pace of economic

development, particularly in rapidly developing countries.

It also helps understand the culture of the country and

its people.

Lack of strict safety regulations and insurance contributed

to the high incidence. Proper management of acute stage

was impossible without medical insurance, let alone that

beyond it. Obviously, resolving these issues is far beyond the

responsibility of medical profession. Under public and

government pressure and guidance, the situation has been

improved dramatically since 2002. However, studies are

needed to substantiate the improvement.

The male/female ratio of 3/1 is in the lower middle of the

ranges reported in the literature. The highest of 5.8/1 was

recorded in Jordan, while the lowest of 2.4/1 in the United

States.11,30 This was probably due to the difference in culture

to what degree women are exposed to the open society and

risk of SCI.

The peak age in the overwhelming reports is 20–29 because,

as a general rule, population of this age group are most active

physically and easily exposed to SCI. However, in this study,

the first and second peak age groups were 30–39 and 40–49,

respectively.10–34 It was because fall from height in construc-

tion industry was the main cause of injury followed by road

traffic accident. In China, members of a farmer’s family aged

20–29 are not keen to travel far away from home to take a

risky job like construction worker. They prefer staying at

home, getting married and establishing a family. Only

afterwards, they go to big cities to find a job with higher

earning. As to road traffic accident, people of 20–29 are not

rich enough to own a car or become a professional driver

because of lack of experience. As fall from construction site

and road traffic accident are the main causes of injury, people

of 30–39 prevailed instead of those of 20–29. Also, people of

20–29 were not as active as their western counterparts in

those activities that could lead to SCI, such as horse riding,

rugby, skiing, assault and so on. It is exceptional that in a

Japanese report, the main peak was at 59 years. This is obvious

because of the high incidence of degenerative diseases of the

spine, particularly cervical spine in Japan. Although ossifica-

tion of the posterior longitudinal ligament is also seen in

other countries, including China, it is a rarity. The high

incidence of cervical injuries in Japan further supports this

judgement.16 There is no cervical injury before the age of 30

simply because they were well protected. In contrast to

western people, Chinese are not keen to take physical risk at

this stage when safe earning is the priority of their life.

Domestic fall of the elderly was null in this survey.

Although isolated cases may have slipped through the

survey, the number is definitely negligible. Such a low

incidence is due to housing characteristics. Beijing residents

live in flat of high-rise buildings. In developed countries,

where many old people live on their own in houses with

staircase, domestic fall from stairs is common. In China,

most old people live in apartments of high-rise buildings.

They move up and down via lift and hence domestic fall

from staircase is very rare. They are also less active than their

western counterparts and well protected by their younger

generations in a Chinese traditional extended family. In

addition, Chinese have much few degenerative diseases of

the spine compared with the Japanese.

The very low incidence of cervical injury (4.9%) in sharp

contrast with the very high one (51%) of the 1982–86 survey
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Table 3 Expenses of hospitalisation

Hospitalisation expenses No. of patients Percentage (%)

o3000 94 35.6
3000–4999 39 14.8
5000–9999 32 12
10000–14999 10 3.8
15000–19999 12 4.5
20000–24999 6 2.3
25000–29999 2 0.8
30000–34999 3 1.2
35000–39999 10 3.8
40000–44999 25 9.5
445000 24 9.1
Unclassified 7 2.6
Total 264 100
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needs some explanation.2 First, it is due to the different

populations involved in the surveys. The 1982–86 survey

included only permanent residents. Migrant workers were

completely excluded. Therefore, a huge number of falls of

construction workers who belonged to this category were

not reported. This made the number of cervical injuries

appear to be comparatively high. The cause of cervical

injuries is mainly road traffic accidents. It is very rare among

migrant workers who hardly use any fast moving motor

vehicles, public or private. However, they are the major

population of more than 70% of the entire cohort of this

study, including workers, farmers and unidentified popula-

tion. The remaining 30% of the 264 patients amount to

80 permanent Beijing residents. Then, 13 patients of cervical

injury constitute 16% of these 80 permanent Beijing

residents. However, 16% is still too far below the 51% of

the 1982–1986 survey. The second possible explanation

could be that because of the dramatically improved living,

shopping and others services in the local community from

1980s to 2000s, many people, particularly housewives no

longer need to travel long distance within the city by motor

vehicles as it was the case in the 1980s. In the 1980s, there

was only one big department store in the entire Beijing,

while in 2002 it was everywhere. All these hypotheses need

further survey to substantiate them.

The expenses of health care of the year of this survey were

relatively low. It has risen many fold since then because of

inflation in line with the rapid development of economy and

technology. The coverage of the expenses was not recorded

in the medical records for analysis. However, the small

number of state-paid employees of 19 (7.2%) explains that

most victims did not receive long-term insurance cover

because in China only state-paid employees received such

generous insurance cover. The cover for construction work-

ers was restricted to acute stage of no more than a month. Of

the 80 patients whose vocations were unclassified, the

overwhelming majority of them had to be devoid of long-

term insurance cover because otherwise their vocations

would have been documented in the medical records. Most

of them were likely to be migrant workers.

Owing to limited funding, the samples were smaller than

what the authors liked to see. Despite this limitation, the

survey has shed some light on the current status and

problems of SCI prevention and management of a rapidly

developing country. Although, the results of the survey may

not precisely reflect the reality in its entirety, the trend of

increase of SCI incidence and change of pattern is unmistak-

able. It has to be pointed out that the incidence of SCI

cannot keep increasing forever. There must be a point at

which it will plateau and go down when the conditions

improve.

It is regretful that no follow-up was done because of

financial restraint, and practical difficulties of lacking

permanent contact details of a huge number of migrant

workers. This would be possible only if China’s economy

improved tremendously. Since 2002, much stricter safety

regulations on construction industries have been implemen-

ted and basic health insurance for acute care has become

compulsory. The obvious impression of improvement needs

another survey to substantiate it. It is worth reminding that

at the moment although China’s GDP ranks third in the

world, when divided by a huge population of 1.4 billion, its

GDP per capita ranks only 98, immediately after Albania as

estimated by International Monetary Fund in 2009.35 China

remains a developing country in real sense. As SCI service is

closely related to economy, medical profession cannot on its

own influence the progress. As China’s economy is develop-

ing with unprecedented pace, it is expected that in a few

decades, health insurance and expertise in SCI care can be

improved to international standard with involvement of

medical expertise
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