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Abstract
Study design A registry-based cross-sectional study.
Objectives To analyse the epidemiological and demographic characteristics of persons with traumatic spinal cord injury
(TSCI) in Norway.
Setting TSCI patients admitted for primary rehabilitation to one of the three specialised spinal cord injury (SCI) departments
(located in Bergen, Trondheim, and Oslo) and consented to the Norwegian Spinal Cord Injury Registry (NorSCIR).
Methods Analysis of data from NorSCIR during a 5-year period (2012–2016) was performed. Data were collected by using
the International SCI Core Data Set as recommended by the International Spinal Cord Society (ISCoS).
Results The lowest incidence of TSCI was 11.4/million (2012), and the highest incidence was 15.9/million (2014). In the
study period, 349 individuals were registered with TSCI. In total, 76% were male, and the mean age was 47 (SD ± 19) years.
We observed dominance in the 60–74 years age group. The distribution between tetraplegia and paraplegia was 48%/42%.
For those initially classified as American Spinal Cord Injury Association Impairment Scale (AIS) grade A (complete injury),
77% remained grade A at discharge. Considerable changes during primary rehabilitation after incomplete lesions were
observed. Most patients (68%) were discharged home after primary rehabilitation. Falls were the main cause of TSCI (47%)
and occurred more often during the weekend.
Conclusion Through a National Medical Quality Registry based on internationally provided data sets, we are able to present
systematic and updated data from Norway.

Introduction

Norway has succeeded in creating large, important and
longitudinal population-based databases and biobanks.
Together with national health registries and the personal
identification number, these databases offer unique possi-
bilities to perform excellent research from a national per-
spective [1]. Medical quality registers are typically based on
pre-defined sets of criteria for specific medical conditions or
procedures. Their purpose is to improve quality of care, to
establish and monitor clinical guidelines and to serve as a
resource for research by providing comprehensive data on
the patient group of interest.

The Norwegian Spinal Cord Injury Registry (NorSCIR)
was established in 2009 by the three specialised SCI

departments in Norway in cooperation with the National
Spinal Cord Injuries Association (LARS). NorSCIR has
been in operation since 2011 and was authorised by the
Ministry of Health and Care Services as a national quality
registry in 2012.

Norway has a public health system that includes
all citizens with a permanent address in the country,
providing health care for everyone independent of
insurance. Traumatic SCI patients are initially transported
to one of the specialised trauma hospitals located in
the cities of Oslo, Bergen, Trondheim, Stavanger,
and Tromsø. After acute treatment, the patients are trans-
ferred to one of the three specialised SCI centres for
rehabilitation.

The ministry of Social and Health Services decided in
1995 to centralise the rehabilitation and follow-up of spinal
cord injury (SCI) patients in Norway to three specialised
centres, located at Haukeland University Hospital, St.
Olav’s University Hospital, and Sunnaas Rehabilitation
Hospital. A description of the Norwegian SCI care,
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including the patients’ journey through the chain of care,
was previously published [2].

Previous epidemiological SCI studies in Norway are geo-
graphically limited and no longer current [3–5]. An older
survey based on interviews at all Norwegian hospitals in
1974–1975 estimated a TSCI incidence of 16.5 per million
inhabitants per year [4]. Another study based on a population
in western Norway during the period of 1952–2001 reported
an increased TSCI incidence from 5.9 per million in the first
decade to 21.2 per million in the last [5].

Our objective in this study is to utilise and analyse the best
available standardised data to provide an up-to-date, epide-
miological status on TSCI in Norway. Using this registry-
based cross-sectional study, we aim to determine the inci-
dence of traumatic SCI and to describe TSCI characteristics.

Methods

Setting and population

The Norwegian population was 4.99 million on 1.1.2012
and 5.26 million on 31.12.2016 [6].

All traumatic and non-traumatic patients who were
admitted to one of the three specialised SCI departments for
primary rehabilitation of a spinal cord or cauda equina
injury and consented to registration in NorSCIR during the
study period of 1.1.2012–31.12.2016 were included.
Material regarding non-traumatic SCI is excluded and
published seperate [7]. Registration in the registry is
voluntary, and written informed consent is obtained before
registration occurs. Annual analyses reveals > 90% cover-
age during the entire period [8]. To calculate the coverage
ratio, the number of patients in the registry is compared with
the patient data from electronic medical records.

Study design

A registry-based cross-sectional study of incidence, clinical
findings, and outcomes for patients, with a new TSCI
admitted to one of the three specialised SCI departments in
Norway during the study period, was performed. Traumatic
spinal cord injury (TSCI) is defined as impairment of the
spinal cord or cauda equina function resulting from the
application of an external force of any magnitude [9].

Study variables

The current study from NorSCIR used the International SCI
Core Data Set (version 1.1) as recommended by the Inter-
national Spinal Cord Society (ISCoS), which includes birth
date, injury date, acute admission, final inpatient discharge,
total days hospitalised, gender, injury aetiology, vertebral

injury, associated injury, spinal surgery, ventilatory assis-
tance, place of discharge, and neurological data [10].

The International Standards for Neurological Classifica-
tion of SCI (ISNCSCI) includes the clinical findings stan-
dardised by the American Spinal Injury Association (ASIA)
Impairment Scale (AIS) [11–13].

Data collection and analysis

NorSCIR is based on the international SCI Data Sets devel-
oped by ISCoS [14]. The registration is electronic and runs on
the Medical Registry System (MRS) developed by the Central
Norway Regional Health Authority IT department (Hemit).
Data are transferred via the Norwegian Health Network.

Data collection was conducted during the primary stay at
the specialised SCI department during the study period. The
neurological level of injury and the degree of impairment
after injury were assessed by a medical doctor specialised in
SCI, most often together with a physiotherapist. In most
cases, the examination was performed during the first week
after admission and during the last week before discharge
from the specialised SCI departments.

The analyses follow the recommendations from the
International Spinal Cord Injury Core Data Set [15]; con-
tinuous variables are expressed as both mean with standard
deviation and median with range. Categorical variables are
presented as number of cases and percentages. The cate-
gorisation of age groups was performed according to the
newest recommendations [9]. Participants’ demographics
and injury characteristics are analysed descriptively.

Population data from Statistics Norway [6] were obtained to
calculate the annual incidence rates of SCI patients admitted for
primary rehabilitation per million inhabitants stratified by age
and gender. The WHO standard population was used to cal-
culate the age-standardised incidence rates [16]. The incidence
rates were adjusted for age by direct standardisation.

IBM SPSS Statistics version 23 and Microsoft Excel
2010 were used to perform all of the statistical analyses.

Results

In the period of 2012–2016, 349 individuals with a recent
traumatic SCI or cauda equina were hospitalized for reha-
bilitation at a specialised SCI department and consented to
NorSCIR. In 2015, one person suffered two spinal cord
injuries on two different occasions.

Number of cases, incidence, injuries per weekday,
and seasonal variation of TSCI

The number of cases, incidence, injuries per weekday, and
seasonal variation are described in Table 1, Table 2, and
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Fig. 1. Seasonal variation in TSCI incidence reveals varia-
tion from year to year. However, TSCIs occurred more
often during the spring and summer months. The peak days
for occurrence of TSCI were Saturday and Sunday, and
41% of all TSCI occurred during weekends. Falls were the
main cause throughout all weekdays and are the cause of
injury that drives the increased occurrence during
weekends.

Epidemiological characteristics of TSCI

An overview of demographic and clinical characteristics of
the TSCI patients is presented in Table 3. In the study
period, 349 patients were registered with TSCI. In total,
76% were male, and the mean age was 47 years (SD 19).
The youngest patient was 11 months, and the oldest was 85
years.

Approximately half of traumatic SCI injuries were
caused by falling, followed by sports (21%) and transport
(18%). The average total length of stay from admission to
the acute hospital to discharge from the primary rehabili-
tation at the specialized SCI department was 120 days, with
a median of 108 days (min 11 days, max 313 days). The
length of stay in our study was defined as the total number
of acute days and rehabilitation days minus “out of hospi-
tal” days.

Associated severe injuries as defined by ISCoS were
present in 23% (N= 81). Spinal surgical procedures were
performed in 311 of 349 cases (89%) during the inpatient
hospitalisation following SCI. The place of discharge was
most often home (68%), and only 8% of patients were

discharged to a nursing home. The mean age of persons
discharged to a nursing home was 62 years (median 68,
minimum 24, and maximum 85). A minority (15 persons)
used different methods of ventilatory assistance to sustain
respiration on the date of final inpatient discharge.

The distribution between tetraplegia and paraplegia was
48%/42%, and in 10% of the cases, the classification was
not performed, was unknown or was not applicable
(Table 3). Among individuals with tetraplegia, 63% had
a high cervical neurological lesion (C1–C4). In addition,
67% of the individuals with paraplegia had a thoracic
lesion.

Regarding the extent of injury, most individuals were
classified at admission with a motor incomplete lesion,
including 43% with AIS grade D and 15% with AIS C.

In total, 23% of cases were classified at admission at the
SCI department as motor and sensory complete lesions (AIS
grade A), and only 10% were classified with a sensory
incomplete lesion (AIS grade B).

In 9% of the individuals, the classification was not per-
formed, was unknown or was not applicable. In total, 263
participants had two AIS grades performed at admission and
discharge from the SCI department, separately. For those
initially classified as AIS grade A, 77% remained AIS grade
A at discharge. More substantial changes during primary
rehabilitation were noted for those with incomplete lesions
(Table 4).

Patient age and gender and aetiology of injury
characteristics

Fall was the cause of injury for 65% of the patients older
than 60 years, whereas 38% of the injuries were caused by
sports, 28% by falls and 27% by transport for patients
between 15 and 29 years. Of the seven children, three had
other traumatic causes (Fig. 2).

Approximately one-third of the patients injured by
transport and sports were graded with a complete injury
(AIS grade A) at admission to the SCI department (Fig. 3).
The male-to-female ratio was highest among the patients
with transport as a cause for injury (14/1) and in the 30–44
years age group (6/1). Females comprised the majority
(0.25/1) in the group injured by assault, but this was for-
tunately a small group.

Discussion

This is the first registry-based study on the national inci-
dence for TSCI in Norway. The strength of this study is the
national approach using the Norwegian SCI quality registry,
which includes data from a 5-year period. We are able to
provide a prospective collection of standardised data with

Table 1 TSCI incidence based on data from NorSCIR 2012–2016a

(N= 349), incidence rates per million inhabitants

2012 2013 2014 2015 2016

Number of cases per year 57 60 81 76 75

Incidence per year 11.4 11.9 15.9 14.7 14.4

Age-standardised incidence 9.1 9.4 13.4 14.0 12.4

Incidence by gender

Male 17.6 18.9 23.4 22.7 20.6

Female 5.2 4.8 8.3 6.6 8.1

Incidence by age

0–14 0 0 3.2 0 4.3

15–29 10.2 9.0 14.8 26.4 16.5

30–44 13.3 12.3 17.0 13.2 8.5

45–59 10.2 15.1 15.9 17.6 14.5

60–74 27.1 26.3 35.0 18.4 32.0

75+ 11.4 11.4 8.5 8.3 13.7

aThis table presents results based on data from NorSCIR. All cases
may not be included due to NorSCIR inclusion criteria. For example,
children admitted to paediatric departments or individuals who do not
consent to NorSCIR are not included
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insight into TSCI characteristics and neurological classifi-
cation of SCI at admission and discharge from rehabilita-
tion. The centralised SCI care in Norway contributes to
highly experienced SCI professionals performing consistent
clinical evaluations and collecting data. Data quality is high
given the monitoring activity and continuous communica-
tion between the steering committee of NorSCIR and all
three hospitals.

The incidence based on data from NorSCIR is less than
that previously reported in a study in western Norway that
measured a TSCI incidence of 26.3 per million inhabitants
in 1997–2001 [5]. The lower incidence in our study may be
explained by changes in risk factors, increased awareness
about TSCI, consent requirements and more systematic data
collection compared with previous studies. Studies from
other Nordic countries revealed a variety of incidence rates
ranging from 9.2/million in Denmark to 38.1/million in
Finland [5, 17–20]. The incidence seems to vary in Scan-
dinavia, but the results might also depend on the research
tools used. Therefore, systematic studies using similar
international standards may yield more comparable results.
The incidence of TSCI in our study was comparable to the
TSCI incidence in other SCI registry-based studies in other
western European countries [21, 22]. The global incident

rate was estimated to be 23 TSCI cases per million inha-
bitants per year [23].

We observed a trend that TSCIs occurred more often
during the spring and summer months and during the
weekend. This finding may be explained by leisure activ-
ities among Norwegians that have potential to cause TSCI.
Of note, alcohol and drug use were previously identified as
contributing factors to TSCI in several studies [24, 25].
Unfortunately, the Norwegian SCI registry did not collect
information about alcohol consumption or drug use prior to
injury.

We observed most persons with a TSCI in the 60–74
years age group. Young populations were previously
thought to be most prone to traumatic SCI. However, var-
iations in age at the time of injury have been reported
worldwide in previous epidemiological studies. The average
age at the time of injury has been reported to be from 26.8
years in Turkey to 55.5 years in the USA [26]. During the 5
years our study covered, only 19 persons older than 75 years
were registered. We are unsure of whether this finding is due
to a lower incidence of TSCI in this age group given a more
retracted lifestyle or if there are other explanations. The
steady increase in the mean age for TSCI during the past five
decades in the last century seems to have stabilised [5].

The male-to-female ratio was 3:1. This finding is con-
sistent with results from a systematic review in 2014 that
revealed a greater percentage of males with SCI than
females in all countries [27]. The male-to-female ratio
varies in the aetiology groups. The highest ratio (14:1) was
reported for transport. A previous study demonstrated that
men exhibit more risk-taking behaviour than woman [28].

The leading cause of TSCI was falls, followed by sports
and transport. The frequency of falls was similar to that
reported in a previous study in western Norway and more
recent studies in Europe [29, 30]. Norway has fewer
patients injured by transport than other countries. On a
global level, traffic accidents involving motor vehicles,
bicycles, or pedestrians account for the greatest number of
SCIs (typically 50% of all injuries) [31]. It is challenging to
compare differences in SCI causation among countries due
to the use of different definitions in studies. Because it is
possible that an injury event may be classifiable into more
than one category, a protocol for prioritising the assigning

Table 2 Seasonal variation of
injury, number of TSCI cases
per montha (N= 349)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

2012 6 2 2 6 7 3 5 13 1 5 3 4 57

2013 2 4 3 4 5 6 10 6 3 5 5 7 60

2014 6 6 6 8 10 6 6 10 8 3 6 6 81

2015 4 5 7 8 6 13 8 6 1 6 7 5 76

2016 13 2 7 8 7 10 5 4 5 5 5 4 75

Total 31 19 25 34 35 38 34 39 18 24 26 26 349

aBased on date of admission to acute hospital

Fig. 1 Weekday variation in injury, number of TSCI cases per
weekday (N= 340)*. Injuries by day of the week in traumatic spinal
cord injury (TSCI) in Norway for the period 2012–2016. The peak
days for occurrence of TSCI were Saturday and Sunday, and 41% of
all TSCI occurred during weekends. *The “injury date” is missing for
9 subjects, and these subjects are excluded from the figure
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of codes has been established. Third priority for traumatic
SCI is given to transport according to the international SCI
Core Data Set. This criterion may cause differences in
estimations.

Falls are particularly associated with incomplete lesions
(76%), and this finding is consistent with a previous study
[5]. One-third of the patients injured by transport and sports
were graded with a complete injury (33%). Regarding the
level of injury, 77% of the patients initially diagnosed as
AIS A (complete injury) did not convert, and this finding is
also consistent with other studies [32].

More persons with tetraplegia than with paraplegia
were observed in this study. Different geographical pre-
dominance of tetraplegia and paraplegia is reported in
Europe [33].

The place of discharge was most often a private resi-
dence. Discharge to home is probably expected and the
most desirable outcome for persons with SCI, although
conditions at home usually must be adjusted. In our study,
only 8% of patients with TSCI were discharged to a nursing
home. Sixty patients with TSCI received another form of
rehabilitation at discharge before entering their home.

Table 3 Epidemiological
characteristics TSCI

2012 2013 2014 2015 2016 Total

Number of cases TSCI 57 60 81 76 75 349

Mean age (SD) 49 (19) 51 (18) 48 (20) 43 (18) 47 (21) 47 (19)

N % N % N % N % N % N %

Age

0–14 0 (0.0) 0 (0.0) 3 (3.7) 0 (0.0) 4 (5.3) 7 (2.0)

15–29 10 (17.5) 9 (15.0) 15 (18.5) 27 (35.5) 17 (22.7) 78 (22.3)

30–44 14 (24.6) 13 (21.7) 18 (22.2) 14 (18.4) 9 (12.0) 68 (19.5)

45–59 10 (17.5) 15 (25.0) 16 (19.8) 18 (23.7) 15 (20.0) 74 (21.2)

60–74 19 (33.3) 19 (31.7) 26 (32.1) 14 (18.4) 25 (33.3) 103 (29.5)

75+ 4 (7.0) 4 (6.7) 3 (3.7) 3 (3.9) 5 (6.7) 19 (5.4)

Gender

Male 44 (77.2) 48 (80.0) 60 (74.1) 59 (77.6) 54 (72.0) 265 (75.9)

Female 13 (22.8) 12 (20.0) 21 (25.9) 17 (22.4) 21 (28.0) 84 (24.1)

Cause of injury

Sports 9 (15.8) 16 (26.7) 18 (22.2) 16 (21.1) 15 (20.0) 74 (21.2)

Assault 1 (1.8) 0 (0.0) 1 (1.2) 2 (2.6) 1 (1.3) 5 (1.4)

Transport 7 (12.3) 10 (16.7) 16 (19.8) 15 (19.7) 13 (17.3) 61 (17.5)

Fall 32 (56.1) 28 (47.7) 36 (44.4) 35 (46.1) 33 (44.0) 164 (47.0)

Other traumatic cause 8 (14.0) 6 (10.0) 10 (12.3) 8 (10.5) 13 (17.3) 45 (12.9)

Unspecified or unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Level of injury and AIS at admission

C1–C4 AIS A, B, C 6 (10.5) 11 (18.3) 19 (23.5) 10 (13.2) 15 (20.0) 61 (17.5)

C5–C8 AIS A, B, C 3 (5.3) 5 (8.3) 3 (3.7) 5 (6.6) 3 (4.0) 19 (5.4)

Paraplegia AIS A, B, C 13 (22.8) 10 (16.7) 20 (24.7) 24 (31.6) 19 (25.3) 86 (24.6)

All AIS D 26 (45.6) 25 (41.7) 33 (40.7) 31 (40.8) 35 (46.7) 150 (43.0)

All AIS E 1 (1.8) 1 (1.7) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.6)

Unknown or not applicable 8 (14.0) 8 (13.3) 6 (7.4) 6 (7.9) 3 (4.0) 31 (8.9)

Neurological level of injury

Tetraplegia 22 (38.6) 34 (56.7) 39 (48.1) 35 (46.1) 39 (52.0) 169 (48.4)

Paraplegia 27 (47.4) 17 (28.3) 33 (40.7) 35 (46.1) 34 (45.3) 146 (41.8)

Unknown or not applicable 8 (14.0) 9 (15.0) 9 (11.1) 6 (7.9) 2 (2.7) 34 (9.7)

Discharge location

Home 42 (73.7) 42 (70.0) 52 (64.2) 51 (67.1) 51 (68.0) 238 (68.2)

Other 15 (26.3) 18 (30.0) 29 (35.8) 25 (32.9) 24 (32.0) 111 (31.8)

AIS American Spinal Injury Association Impairment Scale, AIS A motor–sensory complete, AIS B motor
complete–sensory incomplete, AIS C–D motor–sensory incomplete, AIS E normal examination, TSCI
traumatic spinal cord injury
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Data archiving

The data used in this study are from the NorSCIR. There are
restrictions on the use of data from a national medical
quality registry. These data were used under licence for the
current study, and are not publicly available. Some of the

used data are available from the corresponding author on
reasonable request.

Limitations

Written informed consent was obtained from participants
before data were entered into the registry. We are not
allowed to collect information about patients without
consent.

90% of admitted patients consented to NorSCIR, causing
a potential underestimation of the incidence.

Patients with limited findings or quick recovery may be
admitted to other departments or discharged home. It may
be possible that elderly people with TSCI are less often
transferred to a specialized SCI department, for example,
given the limited possibility for rehabilitation due to
comorbidities.

Persons with TSCI who die in the acute phase are not
included in this study. A previous study demonstrated that
when individuals with TSCI who die at the scene of the
accident are included, the incidence may be increased [34].

Unfortunately, the Norwegian SCI registry contains no
information about alcohol consumption or drug use prior to
injury given that this information is not included in the
data set.

Main conclusion and an indication of the
direction for future research

The collection of data on SCI patients by using the ISCoS
core data set allows us for the first time to estimate the
incidence of TSCI in Norway. National registries provide
data essential for identifying incident trends. Our data
reveal a low incidence of TSCI in Norway compared with
globally estimated data. We observed that TSCIs occurred

Table 4 Changes in AIS grades during primary rehabilitation for TSCI from admission to discharge from the SCI department

AIS at discharge

A Complete B Incomplete C Incomplete D Incomplete E Normal U Unknown or
not applicable

AIS at admission Total N % N % N % N % N % N %

A Complete injury 79 61 77 2 3 4 5 2 3 0 0 10 13

B Incomplete injury 35 1 3 14 40 12 34 3 9 0 0 5 14

C Incomplete injury 52 0 0 0 0 14 27 30 58 0 0 8 15

D Incomplete injury 150 0 0 0 0 1 1 114 76 4 3 31 21

E Normal 2 0 0 0 0 0 0 0 0 1 50 1 50

U Unknown or
not applicable

31 2 6 2 6 0 0 13 42 1 3 13 42

Total 349 64 18 18 5 31 9 162 46 6 2 68 19

Fig. 2 Causes of TSCI per age group. The leading cause of TSCI was
falls. In the age group 15–29 most injuries were caused by sports

Fig. 3 Causes of TSCI and AIS grade at admission to the SCI
department. Incomplete lesions were dominant, and particularly falls
were associated with incomplete lesions. NA, the classification was not
performed, was unknown or was not apllicable
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more often during the spring and summer months and
during the weekend. Further research may reveal a relation
between activities during leisure time and other known
risk factors, such as alcohol consumption prior to traumatic
SCI.

Another direction for future research may be to assess
SCI rehabilitation related to age. It is important to focus on
incidence rates related to different age groups and further on
the needs for specialized rehabilitation among elderly
individuals.
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