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Study design: A systematic review.

Background: The number of traumatic spinal cord injury (TSCI) reports grows annually, especially in China and

Korea. The epidemiological characteristics of TSCI in Asia differ from those in other countries. Thus, we

compiled epidemiological factors from Asia to compare with those from other countries.

Method: We searched articles published in any language between January 1980 to December 2011 using the

terms “spinal cord injury”, “traumatic spinal cord injury”, “epidemiology”, and “Asia”. The articles were reviewed

for information regarding TSCI incidence, total cases, case criteria, case source, causes of injury, male/female

ratio, mean age, prospective or retrospective, neurological level of injury, extent of injury, and America Spinal

Injury Association Impairment Scale (AIS)/grade.

Results: Epidemiological datawere extracted from 39 reports in the published literature that met the inclusion criteria.

Only two studies reported prevalence rates. Incidence rates ranged from 12.06 to 61.6 per million. The average age

ranged from 26.8 to 56.6 years old. Men were at higher risk than women. Motor vehicle collisions (MVCs) and falls

were the main causes of TSCI. However, several countries reported war wounds as the major cause. The

neurological level and extent of injury were mixed, and most patients were categorized as AIS/Frankel grade A.

Conclusion: TSCI is an important public health problem and a major cause of paralysis. We must understand the

epidemiology to implement appropriate preventative measures. Asian epidemiology is different from that in other

regions, so intervention measures must be established according to population-specific characteristics.
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Introduction
Traumatic spinal cord injury (TSCI) is one of the most

devastating types of injury, and it results in varying

degrees of paralysis, sensory loss, and bladder/bowel

dysfunction. The effects of TSCI are not limited to an

individual’s health; it also creates an enormous financial

burden for families and society at large.1 As there is no

cure for TSCI, prevention is critical. A thorough epide-

miological understanding is vital for implementing

preventative measures and planning clinical services.

Numerous articles on TSCI epidemiology have come

out of Europe, North America, and Australia2–4

because most Western countries have implemented

TSCI registries or databases that provide convenient

systems for collecting patient information and facilitate

the comparison of epidemiological characteristics from

different time periods. However, with the exceptions of

Taiwan and Japan, most Asian countries do not have

TSCI registries; therefore, it is difficult to accurately

assess epidemiological data and TSCI characteristics

in Asia. While the number of studies from Asian

countries has increased in recent years, especially

reports from China5–7 and Korea,8 a systematic review

on TSCI epidemiology in Asia has not been published

to date.

The aim of this review was to compile epidemiological

characteristics of TSCI in Asia in order to increase pre-

vention awareness. In addition, we gave recommenda-

tions for future epidemiological studies to improve

comparisons with other countries and enriched world-

wide epidemiological data regarding this important

subject.

Methods
Search strategy

PubMed, EBSCO, MEDLINE, EMBASE, and Google

Scholar™ databases were queried for TSCI articles
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published from January 1980 through December 2011

with the following key indexing and MeSH terms:

“spinal cord injury”, “traumatic spinal cord injury”,

“epidemiology”, “incidence”, and “Asia”. These terms

were linked using combinations of “epidemiology” or

“incidence” plus “spinal cord injury” or “traumatic

spinal cord injury” and “Asia”. No language restrictions

were used. References from the retrieved reports were

reviewed to find additional relevant articles that may

have been omitted from the database search. We also

collected relevant abstracts from conference proceedings

(Fig. 1).

Inclusion criteria

Two reviewers independently assessed the titles and

abstracts of the publications produced by the initial

search strategy. To be eligible for inclusion, studies

had to meet the following criteria: (1) describe an

original study involving TSCI and (2) report Asian

TSCI epidemiological data. General population

studies were eligible for inclusion.

Data extraction

Available methodological information and data were

extracted from the articles, including country (region),

number of patients, source population, case criteria, inci-

dence period, male/female ratio and incidence, causes of

TSCI, mean age, prospective or retrospective, and

America Spinal Injury Association Impairment Scale

(AIS)/Frankel grade. In addition, the extent level of

neurological injury (tetraplegia or paraplegia) and

extent of injury (complete or incomplete) were recorded.

If these data were not fully reported, we contacted the

corresponding author and requested the missing

information.

Results
We identified 39 reports with data on TSCI epidemiol-

ogy from 16 Asian regions in the published literature.

Of those, 15 reports were from east Asia, 2 from south-

east Asia, 9 from south Asia, and 13 from west Asia.

Study characteristics including country (region),

authors, year of publication, source population, case

source, case criteria, and prospective or retrospective

design are listed in Table 1, and incidence, gender

ratio, cause of injury, and mean age are summarized

in Table 2. A comparison of these parameters revealed

marked variation in study years, inclusion criteria,

case source, and methods employed. Concerning study

design, 35 reports were retrospective and 4 were prospec-

tive. Regarding case criteria, 7 studies made use of

International Classification of Diseases codes, 4 used

the definition of Kraus et al.
9 and the remaining 28

did not mention specific criteria. Case-finding

Figure 1 Flow diagram of the systematic literature review.
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Table 1 Profile of traumatic spinal cord injury in Asian countries and regions

Study author(s)

(year) (ref.)

Country

(region)

Incidence

period Source population Case source Case criteria

Prospective/
retrospective

East Asia Ning et al. (2011)
[20]5

Tianjin, China 2004–2008 All TSCI patients aged 15 years or
older who were admitted to tertiary

hospitals in Tianjin

Records data from
hospitals

ICD-10 codes for hospital
admitted patients

Retrospective

Li et al. (2011) [35]6 Beijing, China 2002 All TSCI patients admitted to sample
hospital in Beijing

Records data from
hospitals

N Retrospective

Feng et al. (2011)
[26]7

Tianjin, China 1998–2009 TSCI patients admitted to a Tianjin
Medical University General

Hospital

Records data from
hospitals

Diagnostic code T09.302 Retrospective

Yang et al. (2008)

[29]10
Taiwan 2000–2003 Patients hospitalized with a spinal

trauma in Taiwan from the National

Health Insurance entire inpatient
database

National register ICD9-CM 805.00–805.9,

806.00–806.9,

952.00–952.9

Retrospective

Chen and Lien
(1985) [10]11

Taipei, Taiwan 1978–1981 Patients admitted to general
hospitals with acute SCI

Records data from
hospitals

ICD codes 806.0–806.9 or
968.0–968.9

Retrospective

Ye et al. (2009)
[20]**12

Beijing, China 1993–2006 Patients in four general hospitals and
two rehabilitation institutions

Records data from
hospitals

N Retrospective

Chen et al. (1997)

[27]13
Taiwan 1992–1996 Patients attended by physicians from

various medical centers and
general hospitals in Taiwan

National register SCI was defined according

to Kraus et al.
9

Prospective

Chen and Boore
(2008) [41]14

Taiwan 2002–2003 Patients in a rehabilitation hospital in
Taiwan

Semi-structured, tape-
recorded interview and

observation of a group
discussion

N Retrospective

Lan et al. (1993)

[13]15
Hualin county,

Taiwan

1986–1990 Patients in four local general

hospitals in Taiwan

Records data from

hospitals

ICD codes 806.0–806.9 or

968.0–968.10

Retrospective

Yeh et al. (1993)

[13]16
Taiwan, China 1977–1989 Admitted to the Chang Gung

Memorial Hospital in Taiwan

Records data from

hospitals

N Retrospective

Yang et al. (2011)

[28]8
Korea 2006–2009 Patients at the hospitals of six

Universities

Questionnaire N Retrospective

Shingu et al. (1995)

[17]17
Japan 1990–1992 All patients with SCI admitted to the

47 prefectures

Mailing survey N Retrospective

Ide et al. (1993)
[5]18

Okayama,
Japan

1988–1989 The registration lists contained in the
Law for the Welfare of the

Physically Disabled

Register N Retrospective

Suyama et al. (1997)

[10]19
Japan 1980–1994 Records data from

hospitals

N Retrospective

Shingu et al. (1994)

[10]20
Japan 1990 SCI patients at nationwide

rehabilitation institutions

Mail study ICD.806.0–9:ICD952.0–9 Retrospective

Southeast
Asia

Pajareya et al.

(1996) [16]21
Thailand 1989–1994 All patients with traumatic SCI who

were admitted to Siriraj Hospital,

Bangkok

Records data from
hospitals

According to Kraus et al.
9 Retrospective

Kovinpha et al.

(1993) [12]22
Chiang Mai,

Thailand

1985–1991 Spinal cord injured patients admitted

at Maharaj Nakorn Chiang Mai
Hospital

Records data from

hospitals

N Retrospective
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Table 1 Continued

Study author(s)

(year) (ref.)

Country

(region)

Incidence

period Source population Case source Case criteria

Prospective/
retrospective

South Asia Qureshi et al. (2010)
[20]23

Pakistan 2001–2008 Non-disaster spinal injury patients
admitted to the Spine Unit of a

tertiary care hospital in Pakistan

Records data from spinal
unite

N Retrospective

Rathore et al. (2008)
[24]24

Pakistan 2006 Admitted at Armed Forces Institute of
Rehabilitation Medicine

Records data from spinal
unite and patients

N Prospective

Masood et al. (2008)
[21]25

Pakistan 2003–2007 Admitted to the Department of
Neurosurgery at Civil Hospital

Karach

Specially designed
proforma

N Retrospective

Singh et al. (2003)

[9]26
Haryana, India 2000–2001 All the patients with traumatic spinal

injuries reporting to accident and

emergency department and
outdoor and indoor patients of

orthopaedics department

N N Prospective

Chacko et al. (1986)

[7]27
India 1980–1986 Patients with spinal injuries at the

Kasturba Medical College
Hospital, Manipal

Records data from

hospitals

N Retrospective

Hoque et al. (1999)

[10]28
Bangladesh 1994–1995 All patients with SCI admitted to the

The Centre for the Rehabilitation of
the Paralysed during 1994–1995

Records data from

hospitals

SCI was defined according

to Kraus et al.
9

Retrospective

Islam et al. (2011)
[19]29

Bangladesh 2009 Patients admitted at the Centre for
the Rehabilitation of the Paralysed

Face-to-face interview N Retrospective

Lakhey et al. (2005)
[13]30

Eastern Nepal 1997–2001 Admitted to the orthopaedic ward of
BP Koirala Institute of Health

Sciences

Records data from
hospitals

N Retrospective

Shrestha et al.

(2007) [10]***31
Dharan, Nepal 2001–2004 Patients with suspected cervical

spine injuries presented in

emergency and accident
department of BP Koirala institute

of Health Sciences

N N Prospective

West Asia Deconinck (2003)

[30]32
Kabul and

Herat,

Afghanistan

March–July

2001

The residents of Kabul and Herat

(N= 311) with traumatic SCI

A standardized

questionnaire and

interview

N Retrospective

Rahimi-Movaghar

et al. (2009)
[18]33

Tehran, Iran 2003–2008 Cases with definite traumatic SCI in

Tehran

Interview N Retrospective

Gur et al. (2005)
[31]34

Anatolia,
Turkey

1990–1994,
1995–1999

SCI patients registered between
1990 and 1999

Records data from
hospitals

ICD codes 806.0–806.9
or 968.0–968.9

Retrospective

Karacan et al.

(2000) [21]35
Turkey 1992 TSCI cases during 1992 in Turkey Postal questionnaires N Retrospective

Karamehmetoğlu

et al. (1995)
[17]36

Istanbul,

Turkey

1992 Patients with a traumatic spinal cord

in all of the hospitals of Istanbul

Records data from

hospitals

N Retrospective

Ones et al. (2007)
[29]37

Turkey 2002–2005 Patients treated in Training and
Research Hospital 3rd Clinic of

Records data from
hospitals

N Retrospective
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Table 1 Continued

Study author(s)

(year) (ref.)

Country

(region)

Incidence

period Source population Case source Case criteria

Prospective/
retrospective

Physical Medicine of Physical

Medicine
Cosar et al. (2010)

[20]38
Turkey 1996–2008 In-patient rehabilitation program at

the rehabilitation unit of a tertiary
research hospital

Records data from

hospitals

N Retrospective

Karamehmetoğlu

et al. (1997)
[17]39

Southeast

Turkey

1994 TSCI was conducted in all the

hospitals in Southeast Turkey

Records data from

hospitals

N Retrospective

Dincer et al. (1992)
[19]40

Turkey 1974–1985 Patients with TSCI in the
rehabilitation program at the

Ankara Rehabilitation Centre

Records data from
hospitals

N Retrospective

Otom et al. (1997)

[16]41
Amman-

Jordan

1988–1993 Patients at the Ankara Rehabilitation

Centre at the Royal Jordanian

Rehabilitation Centre (RJRC) King
Hussein Medical Centre (KHMC)

Amman-Jordan

Records data from

hospitals

Defined according to

Kraus et al.
9

Retrospective

Al-Jadid and Robert

(2010) [33]42
Saudi Arabia 2005–2008 Patients who completed the TSCI

and NTSCI rehabilitation program
at Sultan Bin Abdulaziz

Humanitarian

Records data from

hospitals

N Retrospective

Mena et al. (2002)
[15]43

Qatar 1987–1996 City, Riyadh, Saudi Arabia All
patients with TSCI admitted to

Hamad

Records data from the
Medical Record

Department.

N Retrospective

Ronen et al. (2004)

[18]44
Raanana,

Israel

1962–2002 Medical Hospital during 1987–1996,

SCI patients admitted to
Loewenstein Rehabilitation

Hospital

From hospital charts and

from the Population
Registry of the Israel

Ministry of Internal

Affairs

N Retrospective

N, not mentioned.

**This article reported sport-related SCI.
***This article reported cervical spinal cord injuries.
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Table 2 Incidence, gender ratio, cause and mean age of TSCI in Asian countries and regions

Study author(s) (year) (ref.) Country (region) Incidence period Total Cases Incidence Leading causes Second causes Gender ratio Mean age

East Asia Ning et al. (2011) [20]5 Tianjin, China 2004–2008 869 23.7 Fall MVCs 5.63:1 46
Li et al. (2011) [35]6 Beijing, China 2002 1079 60.6 Fall MVCs 3.1:1 41

Ye et al. (2009) [20]12* Beijing, China 1993–2006 57 N Water sports Gymnastics 3.3:1 24.49
Feng et al. (2011) [26]7 Tianjin, China 1998–2009 239 N Fall MVCs 4.6:1 45.4

Yang et al. (2008) [29]10 Taiwan 2000–2003 54484 61.6 N N 0.99:1 N
Chen and Lien (1985) [10]11 Taipei, Taiwan 1978–1981 560 14.6 MVCs Fall 4.9:1 36.2

Chen et al. (1997) [27]13 Taiwan 1992–1996 1586 18.8 MVCs Fall 3:1 46.1
Chen and Boore (2008) [41]14 Taiwan 2002–2003 15 N MVCs Fall 2.75:1 31

Lan et al. (1993) [13]15 Hualin, Taiwan 1986–1990 99 56.1 MVCs Fall 4:1 M44F46

Yang et al. (2011) [28]8 Korea 2006–2009 47 N Fall MVCs 2.4:1 48.4
Shingu A et al. (1995) [17]17 Japan 1990–1992 7471 40.2 MVCs Fall 4:1 48.6

Ide et al. (1993) [5]18 Okayama, Japan 1988–1989 92 28.6 MVCs N 3.2;1 56.6
Suyama et al. (1997) [10]19 Japan 1980–1994 1047 N MVCs Fall 7.5:1 33

Shingu et al. (1994) [10]20 Japan 1990 3645 50.5 MVCs Fall 4.3:1 48.5
Southeast Asia Pajareya et al. (1996) [16]21 Thailand 1989–1994 219 N MVCs Fall 5.6:1 32.8

Kovinpha et al. (1993) [12]22 Chiang Mai,

Thailand

1985–1991 398 23 MVCs Fall 11:1 N

South Asia Qureshi et al. (2010) [20]23 Pakistan 2001–2008 521 N Fall MVCs 3.35:1 39.1

Rathore et al. (2008) [24]24 Pakistan 2006 83 N Fall MVCs 4.53:1 28.3
Masood et al. (2008) [21]25 Pakistan 2003–2007 214 N Fall MVCs 7.56:1 32.7

Singh et al. (2003) [9]26 Haryana, India 2000–2001 483 N Fall MVCs 2.96:1 35.4
Chacko et al. (1986) [7]27 India 1980–1986 218 N Fall MVCs 13.5:1 N

Hoque et al. (1999) [10]28 Bangladesh 1994–1995 179 N Fall MVCs 7.5:1** N

Islam et al. (2011) [19]29 Bangladesh 2009 99 N Fall MVCs 5:1** 31
Lakhey S et al. (2005) [13]30 Eastern Nepal 1997–2001 233 N Fall MVCs 2.64:1 N

Shrestha D et al. (2007) [10]31*** Dharan Nepal 2001–2004 149 N Fall MVCs 4:1 40
West Asia Deconinck (2003) [30]32 Kabul and Herat,

Afghanistan

March–July 2001 311 N War wound Fall 10.1:1 34

Rahimi-Movaghar et al. (2009) [18]33 Tehran, Iran 2003–2008 4 44 MVCs Fall 1:1 N

Gur et al. (2005) [31]34 Anatolia, Turkey 1990–1999 539 12.06 MVCs Wounds/Fall 3.38:1 30.62

Karacan et al. (2000) [21]35 Turkey 1992 581 12.7 MVCs Fall 2.5 : 1 35.5
Karamehmetoğlu et al. (1995) [17]36 Istanbul, Turkey 1992 152 21 Fall MVCs 3 : 1 33

Ones et al. (2007) [29]37 Turkey 2002–2005 131 N MVCs Fall 2.28:1 35.82
Cosar et al. (2010) [20]38 Ankara, Turkey 1996–2008 127 N MVCs Fall 2.1:1 37.81

Karamehmetoğlu et al. (1997) [17]39 Southeast Turkey 1994 75 16.9 Fall wounds 5.8:1 31.3
Dincer et al. (1992) [19]40 Turkey 1974–1985 1694 N MVCs Fall 3.1:1 26.8

Otom et al. (1997) [16]41 Amman-Jorda 1988–1993 151 18 MVCs Gunshot 5.8:1 33

Maher S. et al. (2010) [33]42 Saudi Arabia 2005–2008 495 N MVCs N 4.44:1 34.3
Mena et al. (2002) [15]43 Qatar 1987–1996 75 12.5 MVCs Fall 8.35:1 32.26

Ronen et al. (2004) [18]44 Raanana, Israel 1962–2002 250 N MVCs Work accident 3.3:1 34.5

N, not mentioned; M, male; F, female.

*This article reported sport-related SCI.

**These data included non-TSCI.
***This article reported cervical spinal cord injuries.
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procedures varied: 25 studies reviewed hospital data, 5

used mailing surveys and questionnaires, 3 patient inter-

views, 5 used information from national registries, and 1

did not describe the methodology.

Prevalence

Prevalence is defined as the number of persons with

TSCI who are currently alive, which has a significant

impact on health care systems. Because there are

limited data registry systems in most Asian countries,

only two reports summarized available findings on

TSCI prevalence in Asia. Both of these utilized different

methods to measure prevalence. In an Afghan study by

Deconinck,32 the reported prevalence rates were 128.5

and 108.7 per million in Kabul and Herat, respectively.

In an Iranian study, Rahimi-Movaghar33 estimated that

the point prevalence of TSCI was 44 per million during

2007–2008.

Incidence

TSCI incidence was only mentioned in 17 reports, which

included 71 860 cases in total. Just one south Asian

country reported TSCI incidence. The studies included

in this review employed different inclusion criteria.

Most published incidences only included TSCI patients

who were admitted to hospitals and excluded patients

who died before reaching hospitals. Several incidences

included persons with suspected TSCI in emergency

departments but who were not admitted to hospitals.

Therefore, we found that incidence rates ranged con-

siderably; the highest value was 61.6 per million in

Taiwan,10 which was more than five times the rate for

Anatolia, Turkey (a low of 12.06 per million).34

Gender and age

As demonstrated in Table 2, we found that men were at

higher risk of TSCI than women; the gender ratio

ranged considerably, from 0.99:1 in Taipei, Taiwan to

13.5:1 in India. However, the percentage of new injuries

in women had increased slightly. In Taiwan, the gender

ratio was 4.9:1 during 1978–1981 and 2.75:1 in

2002–2003. A similar trend was found in Thailand,

where the incidence rate was 11.1 times higher in men

between 1985 and 1991, but only 5.6 times higher

during 1989–1994. The average age at the time of

TSCI ranged from 26.8 to 56.6 years. Fifteen reports

determined that the average age was less than 35 years.

Causes

The causes of TSCI are summarized in Table 2. The

largest contributors were motor vehicle collisions

(MVCs; 59.5%) and falls (37.8%). War wounds sur-

passed MVCs and falls as the primary cause of injury

in an Afghan study.32 Conversely, Otom et al.,41 Gur

et al.
34 and Karamehmetoğlu et al.

39 reported that

war wounds were the second most common cause of

TSCI.

Severity

Overall TSCI severity is usually measured by neurologi-

cal level of injury (tetraplegia or paraplegia) and injury

extent (complete or incomplete). In the included studies,

25 reports distinguished between paraplegia and tetra-

plegia and incomplete and complete (Table 3). The

findings were inconsistent; the proportion of paraplegic

individuals varied between 18 and 91.97%, and that of

quadriplegic individuals ranged from 8.03 to 82%.

Most countries reported more paraplegic than quadri-

plegic individuals, with the exceptions of China,

Japan, and Thailand, where the situation was reversed.

The percentage of complete injuries ranged from 25.2

to 89.96% and incomplete injuries from 10.04 to

74.8%. Most of the articles reported a higher percentage

of complete injuries, with the exceptions of China,

Korea, Pakistan, Nepal, and Israel.

The AIS/Frankel grades are also listed in Table 3. We

extracted data from 12 studies and found that nearly

95% of TSCI patients showed neurological deficits. In

most countries, most patients were classified as grade

A, except in China5,7 and Japan.18 Grade B patients

accounted for approximately 10–30%, and a similar

proportion of patients were grade C.

Discussion
This is the first systematic review of TSCI in Asia. We

compiled epidemiological characteristics of TSCI in

Asia for comparison with other world regions. We

found that this type of data was insufficient in some

Asian countries, and the reported epidemiological data

varied among the articles we assessed.

We were unable to establish universal case criteria to

gather the cases. Therefore, it is impossible to precisely

state how frequently TSCIs occur in Asia, so we

reported ranges instead. The range of incidence was

between 12.06 and 61.6 per million. In comparison,

the European TSCI incidence was between 10.4 and

29.7 per million, and the incidence in North America

ranged from 27.1 to 83 per million.2 These estimates

suggest that the incidence of TSCI in Asia was lower

than that in North America. Such a difference might

be attributable to economic and social development.

In Asia, the number of developing countries is much

higher than that in North America. Chiu et al.
45

reported that developing countries had lower incidence

rates compared to developed ones. Population structure

Ning et al. Epidemiology of traumatic spinal cord injury in Asia
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Table 3 AIS, neurological level of injury and extent of injury of TSCI in Asian countries and regions

Study author(s) (year) (ref.) Country T (%) C (%) AIS A (%) AIS B (%) AIS C (%) AIS D (%) AIS E (%)

East Asia Ning et al. (2011) [20]5 Tianjin, China 71.6 25.2 25.2 18.2 14.7 41.9 0

Ye et al. (2009) [20]12* Beijing, China 89 54.5 N N N N N
Feng et al. (2011) [26]7 Tianjin, China 82 32.6 32.6 12.1 16.3 38.9 0

Chen and Lien (1985) [10]11 Taipei, Taiwan 46.8 58 N N N N N
Chen et al. (1997) [27]13 Taiwan 49 58.7 N N N N N

Chen and Boore (2008) [41]14 Taiwan 46.7 46.7 N N N N N

Lan et al. (1993) [13]15 Hualin, Taiwan 69.7 51.5 N N N N N
Yeh et al. (1993) [13]16 Taiwan, China N N N N N N N

Yang et al. (2011) [28]8 Korea N 40 40.4 N N 26 N
Shingu et al. (1995) [17]17 Japan N N 25.8(33.7)** 12.4(16.2)** 20.3(26.6)** 18.1(23.6)** 23(0)**

Ide et al. (1993) [4]18 Okayama, Japan 68.5 N 31.5 3.3 12 53.2 0
Suyama et al. (1997) [10]19 Japan N 76 N N N N N

Shingu et al. (1994) [10]20 Japan N N 26.2(34.6)** 12.5(16.2)** 20(30.0)** 17.9(23.2)** 22.8(0)**
Southeast Asia Pajareya et al. (1996) [16]21 Thailand 50.2 52.5 N N N N N

Kovinpha et al. (1993) [12]22 Chiang Mai, Thailand 53 32.4 40.5 11.3 26.4 21.9 0

South Asia Qureshi et al. (2010) [20]23 Pakistan N 43 43(56.6)** 4(5.1)** 15(20.3)** 14(18.0)** 24(0)**
Rathore et al. (2008) [24]24 Pakistan 26.5 57.8 N N N N N

Masood et al. (2008) [21]25 Pakistan N 36 N N N N N
Singh et al. (2003) [9]26 Haryana, India 40 N N N N N N

Chacko et al. (1986) [7]27 India N 41.7 N N N N N
Hoque et al. (1999) [10]28 Bangladesh 40 N 78 7 7 7 0

Islam et al. (2011) [19]29 Bangladesh 45.8 78 N N N N N

Lakhey et al. (2005) [13]30 Eastern Nepal N 46.8 46.8(62.6)** 5.1(6.9)** 11.6(15.5)** 11.2(14.9)** 25.3(0)**
Shrestha et al. (2007) [10]31*** Dharan, Nepal 92.4 N 36.2(47.0)** 13.4(17.4)** 14.8(19.1)** 12.8(16.5)** 22.8(0)**

West Asia Deconinck (2003) [30]32 Kabul and Herat,
Afghanistan

N 80 N N N N N

Gur et al. (2005) [31]34**** Anatolia, 30.62 51.79 N N N N N
Turkey 23.4 68.53 N N N N N

Karacan et al. (2000) [21]35 Turkey 32.18 N N N N N N

Karamehmetoğlu et al. (1995) [17]36 Istanbul, Turkey 33 N N N N N N
Ones et al. (2007) [29]37 Turkey 25.95 63.35 N N N N N

Cosar et al. (2010) [20]38 Turkey 32.1 74 74 14.2 6.3 5.5 0
Karamehmetoğlu et al. (1997) [17]39 Southeast Turkey 41.3 N N N N N N

Dincer et al. (1992) [19]40 Turkey 8.03 89.96 N N N N N
Otom et al. (1997) [16]41 Amman-Jorda 32 N 53.6 10 22.5 13.9 0

Mena et al. (2002) [15]43 Qatar 57.3 58.7 N N N N N

Ronen et al. (2004) [18]44 Raanana, Israel N 46 N N N N N

T, Tetraplegia; C, Complete; N, not mentioned; AIS, America Spinal Injury Association Impairment Scale.

*This article reported sport-related SCI.
**Original date were from all spinal injury, including injury without SCI (AIS E), and the data in brackets was re-calculated excluding AIS E by authors of this review.

***This article reported cervical spinal cord injuries.

****This study described epidemiology of two periods, the former data was during 1990–1994, and the latter was between 1995 and 1999.
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also plays an important role in variable incidence in

different countries. Asia is home to an estimated 60%

of the world’s population and has an enormous aging

population. Elderly people are more prone to injury

because of degenerative spine conditions, such as steno-

sis, spondylolisthesis, and degenerative disc disease. As

the population ages, the number of TSCIs in elderly

patients also increases.

Regarding age at TSCI, the highest incidences in all

countries were reported in persons between 20 and 50

years old. In North America,46–52 the average age was

between 32 and 55.4 years, and European studies53–57

reported an average range between 37 and 47.9 years.

Asian articles reported average ages that ranged from

26.8 to 56.6 years. This estimate is similar worldwide,

which indicates that the majority of TSCI occurs

in adults because they are the most active, socially

productive members of society.

Although there were almost equal numbers of men

and women in the populations, men were at higher

risk for TSCI than women, which has been reported

previously.46,53,55,56,58–63 This review confirmed the

global trend, despite geographic and demographic

differences. The disparate gender ratio may be due to

differences in socioeconomic and cultural backgrounds.

In most countries,5,7,28,29,35,37,41 women historically

stayed home and were protected from many outside

dangers, whereas men were more likely to be engaged

in dangerous work to earn money to support a family.

Certain occupations, such as truck driving and construc-

tion, take place in dangerous environments. This was

the major reason that men were more vulnerable to

injury. In addition, violence and alcohol are important

potential reasons for the high incidence observed in

men versus women.11,21 However, as societies develop,

an increasing number of women work in high-risk

jobs. This is the likely reason for the slightly increased

percentage of TSCI in women.

With regard to cause, traffic accidents are the most

common cause of TSCI in North America,49,63–65

Europe53,66–68 and sub-Saharan Africa.69 In western

Norway,70 falls were the most common cause. In this

review, MVCs and falls were the main causes. It is not

surprising that the proportion of new TSCI due to

falls has been increasing steadily as Asian societies

age.5,7 The relative distribution of causes reflects the life-

styles of the people in different countries. In Asia, most

areas are underdeveloped, and motor vehicle usage is

not as common as in North America and Europe. In

addition, TSCI causes are influenced by lifestyle and

political environment. For example, in some regions of

Turkey, the most common cause of TSCI was falling

from a great height, which could be associated with

the fact that most falls occurred in the summer when

people sleep on the top of their houses. In China,5,7

there was an enormous number of elderly patients

with degenerative cervical spine changes who were

more vulnerable to a slight damage (e.g. a low fall), so

the number of low falls-induced TSCI would increase

gradually; in Bangladesh,28,29 falls while carrying

heavy loads on neck or back is a common cause. In

Afghanistan,32 Jordan,41 and southeast Turkey,39 the

frequency of firearm wounds, a specific problem to

these countries, was higher than in other regions. In

Jordan, the majority of firearm accidents happened

during wedding celebrations, a common cultural habit

in rural areas. In other regions, where the political situ-

ation was stable and firearms were strictly controlled,

such injuries were rare.

The assessment of TSCI severity varied. The AIS/

Frankel grade is a standard tool for evaluating TSCI

patients in North America and Europe. In other

countries,55,56,59,60,62,63,71,72 AIS/Frankel grade A was

most frequently observed. In this review, most Asian

studies agreed with this trend, although grade D was

dominant in China.7 This difference was attributed to

elderly people, whose cervical spine is a degenerative

change vulnerable to slight damage. Still, the Chinese

data were in accordance with that from other countries,

showing increasing numbers of elderly people sustaining

incomplete TSCI from falls.58,62,73,74

With respect to the neurological level of injury, there

is substantial variability in the proportion of TSCI

resulting in tetraplegia and paraplegia. In the USA,62

tetraplegic injuries (54.1%) were more common

than paraplegic injuries over a 30-year period. The

Netherlands75 reported that tetraplegic injuries

accounted for 39.8% and paraplegic for 60.2%. In

China,7 tetraplegic injuries were as high as 82%. As

mentioned above, China7 has an enormous number of

elderly patients with degenerative cervical spine

changes who are susceptible to incomplete tetraplegia

following a minor fall. Similarly, there is no meaningful

trend in the proportion of persons with complete and

incomplete injuries. The reasons for this difference are

multiple and include improved initial care, awareness

of the importance of emergency treatment after injury,

and injury mechanisms.

Recommendations

Despite a growing body of TSCI literature, we found

several limitations of Asian epidemiology: (1) most

reports were retrospective studies; (2) a large proportion

of studies only reported a subset of TSCI patients, so the

Ning et al. Epidemiology of traumatic spinal cord injury in Asia
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epidemiological data could not be used to infer a

national trend; (3) the studies focused on TSCI survi-

vors. Persons who died before they arrived at hospital

or in the emergency department were not included;

and (4) there were a number of important differences

regarding case definitions, including case criteria and

variable study periods.

Conclusion
Because of the above limitations, it is difficult to acquire

accurate epidemiological data for TSCI in Asia. To

correct these methodological shortcomings, it is

proposed that national registries and international meth-

odological uniformity be established over the next

several years. Asian countries should also consider

collaborating in future studies. In addition, to clarify

differences in TSCI among countries, future studies

should be prospective and collect large amounts of

data in order to provide valid comparative data.
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39 Karamehmetoğlu SS, Nas K, Karacan I, Sarac AJ, Koyuncu H,
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