Spinal Cord (2017), 1–5
& 2017 International Spinal Cord Society All rights reserved 1362-4393/17
www.nature.com/sc

ORIGINAL ARTICLE

Incidence of acute spinal cord injury in the Czech Republic:
a prospective epidemiological study 2006–2015
J Kriz1, M Kulakovska2, H Davidova3, M Silova4 and A Kobesova5
Study Design: A prospective study.
Objectives: Analysis of epidemiological data about acute spinal cord injury (SCI) in the Czech Republic over a period of 10 years
(2006–2015).
Methods: A data collection system was implemented in the rehabilitation centres which provides care to patients with acute SCI in the
Czech Republic. The recorded variables are as follows: age at time of SCI; gender; cause of injury; neurological level of injury (NLI); and
its severity (ASIA Impairment Scale (AIS)). Data from 2006 to 2015 were analysed and trends were determined.
Results: The overall number of acute SCI ranges between 250 and 300 cases annually. Two-third of the affected population are
males. The average age at time of SCI is 49.1 years. The average incidence of traumatic SCI is 15.5 cases per year and is gradually
decreasing. The leading cause of SCI are falls (44.5%), followed by trafﬁc accidents (28.2%) and sports injuries including diving into
water (19.7%). The incidence of non-traumatic SCI is 8.6 cases per year on average and has an upward trend. Inﬂammatory lesions
account for 26.7% of cases, tumours account for 20.9%, and vascular related injuries make up 17.7%. The NLI occurs most often in
the cervical segments (45.3%). The most frequently occurring lesions are motor incomplete: AIS D (33.3%).
Conclusion: This study shows a stable occurrence of SCI in the Czech Republic, with cervical and motor incomplete cases being the
leading ones. Epidemiological data are needed to improve the care of SCI patients and to promote an active life following it.
Spinal Cord advance online publication, 14 March 2017; doi:10.1038/sc.2017.20

INTRODUCTION
Spinal cord injury (SCI) is one of the most debilitating traumas,
causing major and irreversible physical and psychological disability
the patient and permanently affecting their lifestyle. As most
SCI victims are of working age, SCI has not only a negative impact
on the quality of life but also signiﬁcant socio-economic consequences.
They can only be mitigated by providing high-quality comprehensive
multidisciplinary care in the ﬁrst months after SCI, including intensive
rehabilitation. The systems of care for SCI patients differ between
countries, but the goals remain the same—to help the patient achieve
the highest possible level of motor ability, posture control and
locomotion, to attain maximum independence and activity in their
daily lives. The epidemiological data would inform medical/political
agencies so adequate resources are provided to meet those goals.
In the Czech Republic, the system of comprehensive care of patients
with acute SCI has been set up since 2002 by the Methodical Measure
of the Ministry of Health of the Czech Republic, which designated
a network of specialized centres. Four spinal cord units were gradually
established, which provide post-acute follow-up care to the patients.
Each of these spinal cord units serves a deﬁned intake area, with the
whole Czech Republic being covered. The follow-up rehabilitation care
is provided in spinal cord rehab units established in three rehabilitation
centres. Every patient following SCI is ﬁrst hospitalized in an acute
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care unit. After being stabilized for 1–2 weeks, the patient is then
transferred to a regional spinal cord unit where he spends 2–3 months.
This is followed by rehabilitation at the spinal cord rehab unit for
a period of 3–5 months, after which the patient is discharged home.
With the specialized SCI centres put into operation, a need has
arisen to monitor the incidence of SCI cases. Unfortunately, only
incomplete data are available at the Institute of Health Information
and Statistics of the Czech Republic. The likely reason is that there are
inconsistencies in the use of diagnoses according to the International
Classiﬁcation of Diseases and Related Health Problems ICD-10 or that
there are gaps in the data collection. Therefore, one of the tasks of
the newly established Czech Spinal Cord Society was to set up
a centralized system for epidemiological data collection from all the
spinal cord centres, which should provide updated information on the
exact number of patients newly presenting with neurological deﬁcits
after an acute SCI. This data are necessary for negotiations with health
insurance companies about the reimbursement for medical equipment, with the Ministry of Health about preventive programs and also
with the Ministry of Labour and Social Affairs about programs
regarding of social integration, employment opportunities and planning a barrier-free environment.
The study objectives are to analyse the continuously collected
epidemiological data and to establish the incidence of SCI and its
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Table 1 Characteristics of the study group
2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

249

261

237

263

257

303

285

266

243

278

188
61

189
72

182
55

186
77

189
68

225
78

220
65

184
82

180
63

203
75

Age at time of SCI (years)

46.9

44.3

48.3

47.9

47.7

49.1

49.5

53.9

51.6

51.5

SCI aetiology

Total
Gender

NLI

AIS

Male
Female

Traumatic

190

205

165

177

156

199

191

153

145

155

Fall
Trafﬁc accident

70
62

67
70

65
56

70
45

66
48

87
56

98
50

94
31

80
30

75
42

Sports injury
Diving into water

21
18

29
16

16
21

24
20

12
20

18
21

13
19

11
12

11
13

15
12

Other
Non-traumatic

19
59

23
56

7
72

18
86

10
101

17
104

11
94

5
113

11
98

11
123

Vascular
Infection

17
13

12
15

6
19

14
28

16
17

19
21

14
29

18
37

19
28

25
35

Tumour
Other

11
18

18
11

13
34

20
24

26
42

25
39

17
34

17
41

18
33

24
39

C

122

115

109

120

105

139

130

113

117

128

T

89

117

94

106

106

123

114

113

93

99

L/S

38

29

34

37

46

41

41

40

33

51

A
B

73
15

79
23

85
29

59
27

67
23

83
26

C
D

90
79

113
88

68
103

70
110

69
84

90
79

Abbreviation: AIS, ASIA Impairment Scale; NLI, neurological level of injury; SCI, spinal cord injury.

trends with reference to age, gender, cause of injury and neurological
level of injury (NLI) and its severity in the Czech Republic over
10 years.
MATERIALS AND METHODS
The data collection system was set to be as simple as possible in order to
be operational on a long-term basis. Only the data from all the centres
providing care to patients with SCI within the same period of time after SCI can
give information regarding the actual number of these patients. The variables
monitored were: age at time of SCI; gender; NLI; and severity in accordance
with the International Standards for Neurological Classiﬁcation of Spinal Cord
Injury.1 In the ﬁrst years of the monitoring, some centres only used the basic
classiﬁcation of the severity of SCI into complete and incomplete injuries. After
participating in educational courses about the correct examination of patients
with SCI presented on a regular basis since 2009 by the Spinal Cord Unit of the
University Hospital Motol, sensory and motor incomplete SCI started to be
classiﬁed using the ASIA Impairment Scale (AIS). NLI and AIS were rated at
admission. Another differentiation criterion was the cause of injury, such that
SCI cases were classiﬁed into either traumatic or non-traumatic. A traumatic
case was deﬁned as a SCI caused by external force at different levels with
a persistent neurological deﬁcit. Cauda equina injury was also included in the
data set but not isolated injury of nerve roots. A non-traumatic case was
deﬁned as an acute spinal cord lesion caused by non-traumatic factors, such as
infection, vascular events, neoplastic growths and other factors, such as
vertebral column degenerative disorders, affecting the same neural structures
as a traumatic SCI.
Data from individual centres are entered annually in the system and are
presented on the web pages of the Czech Spinal Cord Society, where they are
freely accessible. Although some data from the spinal cord units are missing,
complete epidemiological outputs have been available from all three spinal cord
rehab units for each year of the past decade. Since these rehabilitation centres
Spinal Cord

provide rehabilitation care to all patients with acute SCI in the Czech Republic,
the numbers of patients reported to the system every year can be considered
exact. Patients who died of acute complications, those with no rehabilitation
potential (for example due to a dire prognosis due to cancer) or those with
minimal sensory or motor deﬁcits (for example, those with a lower extremity
motor score more than 45), were not admitted to the spinal cord rehab unit
and they were not, therefore, included in the study population.

RESULTS
The number of acute SCI cases has varied over the decade between
250 and 300 per year (Table 1). In the Czech Republic which has
a 10.5 million population, the incidence of both traumatic and
non-traumatic SCI combined together is 25.1 cases per one million.
Separately, the incidence of traumatic SCI is ~ 16.5 cases and incidence
of non-traumatic SCI is 8.6 cases per one million population on
average. Of all cases, 73.7% occur in males and 26.3% in females, and
the male-to-female ratio has not changed signiﬁcantly over time. The
average age of patients at time of SCI is 49.1 years, with a recently
increasing tendency towards 50 years of age and over.
In the study period, a statistically signiﬁcant trend can be seen
which is a reduction in traumatic spinal cord injuries from ~ 200 to
150 per year and, at the same time, towards an increase in
non-traumatic spinal cord injuries (Po0.05) (Figure 1). The leading
cause of traumatic spinal cord injuries are falls (44.5% on average),
followed by trafﬁc accidents (28.2%). Over time, there is a statistically
signiﬁcant upward trend in SCI caused by falls and a signiﬁcant
downward trend in SCI due to trafﬁc accidents (Po0.05). SCI caused
by sports injuries and diving into water varies between 10 and 20 cases
per year (9.8 and 9.9%, respectively; Figure 2). Non-traumatic SCI are
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Traumatic causes

Aetiology
100

350

90

300

80
250

70

Fall

60

200

Non-traumatic
Traumatic

150

Traffic accident

50

Sports injury

40
100

Diving into water

30
Other

20

50

10

caused by inﬂammation, more precisely spondylodiscitis or myelitis
(26.7%), by tumours (20.9%) and by vascular lesions (17.7%). Other
non-traumatic SCI (34.8%) are acute lesions associated with decompensation of degenerative spondylotic changes, disc herniation, spinal
cord congenital defects or postoperative complications. Over time,
there is a general upward trend in all non-traumatic lesions (Figure 3).
The neurological level of SCI is most often located in the cervical
segments, in 45.3% of cases on average. Thoracic segments are affected
in 39.9% of cases and lumbosacral segments in 14.8%. Over the
decade, these proportions remain nearly unchanged. From the
available data on the severity of SCI for the past 6 years, it is
clear that the leading categories are motor incomplete SCI graded as
AIS D (33.3%) and AIS C (30.6%), followed by sensorimotor
complete SCI graded as AIS A (27.3%) and sensory incomplete
SCI graded as AIS B (8.8%). Over the decade monitored, no clear
trend in the distribution of cases by severity has been observed.
DISCUSSION
Most epidemiological studies on the incidence of SCI focus on
traumatic cases only. Lee et al.2 reviewed the literature concerning
the epidemiological data in order to create a global map of the
incidence of traumatic SCI. The global incidence of SCI in 2007 was
estimated to be 23 cases per one million population, and in Western
Europe to 16 cases per one million population. In our study cohort,
the incidence of traumatic SCI alone is ~ 16.5 cases per one million on
average. Most studies present data about short, 1–2-year periods of
time.3–10 Only some studies analyse the retrospective data for a longer
period of time and thus can see particular trends in some
variables.11–16 Trends in the incidence of traumatic SCI in the
European countries were studied for instance by McCaughey et al.13
who observed an upward trend over 20 years, from 13 to 17 cases per
one million population. From our results, it follows that the incidence
of traumatic SCI in the Czech Republic has been gradually decreasing
to 14.7 cases per one million population in 2015. The literature data
on the incidence of non-traumatic SCI was analysed by New et al.17 In
Europe, based on the results of studies from eight countries, the
incidence of non-traumatic SCI was six cases per one million
population. On the basis of our data, the average incidence of
non-traumatic SCI over the past decade was 8.6 cases per one million
population and had an increasing trend.
The average age of patients with SCI varies across the world but
tends to be higher in European countries where the trend continues.
Van den Berg et al.18 report SCI to occur at the age of 43.2 years on
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Figure 1 Total traumatic SCI cases and total non-traumatic SCI cases
by year.
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Figure 2 Traumatic SCI causes by year.

average in Spain in 2001–2008, Ahoniemi et al.14 found SCI to
affect males at 42.4 years of age on average and females at the age of
40.4 years on average in Finland in 1996–2005, while according to
McCaughey et al.,13 the average age of patients with SCI was 50.7 years
in Scotland in 2004–2008. In our study group, the average age at time
of SCI was 49.1 years which is above the European average. However,
it should be noted that both traumatic and non-traumatic cases of
SCI are analysed together. Unfortunately, separate data for these two
groups of patients are not available. Nevertheless, the summary data
collected over the same period of time in the Spinal Cord Unit of the
University Hospital Motol (which provides care to one fourth of
patients with SCI) subsequently transferred to the rehabilitation
centres suggest the average age to be 41.3 in those with traumatic
SCI in comparison with 54.7 years in those with non-traumatic SCI.
A higher average age at time of non-traumatic SCI has also been
reported in Scotland (51.8 years)13 or in Italy (55 years).19
The leading cause of traumatic SCI in the Czech Republic are falls
(44.5%), followed by trafﬁc accidents (28.2%) and sports accidents
including diving into water (19.7%). Similar results have been found
in Sweden, Norway, Scotland, Finland or Estonia;6,12–14,20 but
for instance, Greece, Turkey or Iran have reported trafﬁc accidents
as the leading cause of traumatic SCI (61.8%, 51% and 48.8%,
respectively),6,9,21 and in the South Africa, 59.3% of SCI result from
acts of violence.4 There is a surprising decrease in SCI due to motor
vehicle accidents in the period of our study observation. Nevertheless,
comparison of data about the total number of injuries from motor
vehicle accidents conﬁrms a general downward trend. In the past
3 years, there has been a signiﬁcant reduction in the number of
injuries due to diving accidents. This decrease is most likely related to
education campaigns by various media which are publicized in the
spring and summer months. These injury prevention programs warn
about high-risk behaviour.
In our study cohort, a non-traumatic SCI is deﬁned as an acute
injury that occurs by a mechanism other than an external force, and
that is why neurodegenerative diseases are not included. In descending
order, the causes of non-traumatic SCI are inﬂammation (26.7%),
tumours (20.9%) and vascular lesions (17.7%). Nevertheless, acute
SCI caused by degenerative changes in the spine that would surely
be among the leading causes are not considered separately in our
study. In international literature concerning non-traumatic SCI,
the results differ between studies. McCaughey et al.13 have reported
vascular lesions to be the leading cause of SCI (40%), followed by
infections (22.7%) and degenerative lesions (16.4%), with tumours
Spinal Cord
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Figure 3 Non-traumatic SCI causes by year.

being only the fourth leading cause of SCI (15.5%). On the other
hand, Van den Berg et al.18 have reported tumours as the leading
cause of SCI (34.8%), followed by mechanical (degenerative) lesions
(17.6%) and vascular lesions (15.5%). However, unlike our study,
their statistics also include lesions caused by multiple sclerosis which
should be considered when comparing the data.
As for the neurological level of SCI in European countries, their
leading locations are the cervical segments, followed by the thoracic
and lumbar segments.5,10,12,13 In Japan, as many as over two-third
of SCI affect the cervical segments.3 On the other hand, for instance
in Iran, the leading NLI was in the thoracic segments.21 In our study,
the leading NLI are in the cervical segments (45.3%), followed by
thoracic segments (39.9%). Multiple SCI severity approaches have
been proposed. Some classify SCI into sensorimotor complete and
incomplete (AIS A vs AIS B-D).12,14,22 Others divides SCI into motor
complete and incomplete (AIS A,B vs AIS C,D),5,23 whereas yet
another grade SCI based on the original Frankel classiﬁcation.3
ASIA Impairment Scale A-E is also used.13,21,24 One Tianjin, Chinese
cohort has graded SCI cases reported results in descending order:
AIS D, A, C, and B.24 A Scottish study reported similar results (AIS D,
C, A, B).13 In comparison, an Iranian study reported sensorimotor
complete SCI AIS A to be the leading category, followed by AIS B, C
and D.21 Our ﬁndings were identical to the Scottish study in that
SCI were classiﬁed, in descending order, as AIS D, C, A and B.
From our perspective, in the tertiary stage when the patients are
discharged to home, the essential criterion is whether they manage
the social bipedal locomotion or a wheelchair. This determines
the requirements for adapting the home environment for the disabled,
his/her social activities, employment opportunities and so on. Apart
from patients graded AIS D, ~ 30% of patients with lumbar SCI are
capable of bipedal locomotion. In our study cohort, these patients
account for nearly 38%. One hundred and seventy persons on average
join the population of wheelchair users in the Czech Republic
every year.
Study limits
The data is not analysed separately for traumatic and non-traumatic
SCI. It would be beneﬁcial to compare these two groups for age,
NLI and AIS. Moreover, it might also be of interest to provide the data
on the age distribution of traumatic and non-traumatic SCI by cause
of injury.
A certain percentage of patients cannot be transferred to the
rehabilitation setting. This group includes patients who die of severe
Spinal Cord

complications in the acute stage, those with high quadriplegia
requiring long-term mechanical ventilation, non-compliant patients
or those with signiﬁcant comorbidities unable to cope with the
rehabilitation process. In point of fact, the focus is on the number
of patients who complete their rehabilitation in a rehabilitation setting
and subsequently are discharged to home.
A source of more insightful data, for example about demographic
characteristics, social status, complications and outcome over time,
would be the National Registry which falls under the health care law.
This still needs to be set up.
CONCLUSION
This study presented the results from 10 years of monitoring the
epidemiological status of acute SCI in the Czech Republic.
The incidence of traumatic SCI is 16.5 cases per one million
population and that of non-traumatic SCI is 8.6 cases per one million
population. Precisely opposite trends can be seen in the incidence of
the two types of SCI over the 10-year period of time—the incidence of
traumatic SCI is decreasing, while that of non-traumatic SCI is
increasing. The age at SCI also has an upward trend. SCI causes and
neurological characteristics do not vary signiﬁcantly over time and are
comparable with those in other European countries.
The centralized comprehensive systematic care for patients with
SCI in the Czech Republic makes it possible to reduce complications
in all stages of SCI and to provide intensive rehabilitation for the time
necessary to reduce the neurological deﬁcit and to achieve the fullest
possible use of the patient's potential. The epidemiological research
data help adjust not only the system of care to the patients' needs in
the long-term and focus research strategies but also provide the
information needed to underpin negotiations with policy makers in
order to maximize the active life of the SCI population.
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