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Objectives: To update the incidence rate, aetiology 
and injury characteristics of acutely-injured adults 
with traumatic spinal cord injury in Stockholm, Swe-
den, using international standards of reporting. 
Study design: Prospective, (regional) population-
based observation.
Subjects: Forty-nine consecutively enrolled individu-
als.
Methods: A surveillance system of newly-injured 
adults with traumatic spinal cord injury was imple-
mented for an 18-month period. The International 
Spinal Cord Injury Core Data Set was used to collect 
data on those who survived the first 7 days post-
injury. 
Results: After an 18-month period, 49 incident cases 
were registered, of whom 45 were included in this 
study. The crude incidence rate was 19.0 per million, 
consisting mainly of men (60%), and the mean age 
of the cohort was 55 years (median 58). Causes of 
injury were almost exclusively limited to falls and 
transport-related events, accounting for 58% and 
40% of cases, respectively. The incidence has remai-
ned stable when compared with the previous stu-
dy; however, significant differences exist for injury  
aetiology (p = 0.004) and impairment level (p = 0.01) 
in that more fall- and transport-related spinal cord 
injury occurred, and a larger proportion of persons 
was left with resultant tetraplegia, in the current stu-
dy, compared with more sport-related injuries and 
those left with paraplegia in the previous study. 
Conclusion: The incidence rate appeared to remain 
stable in Stockholm, Sweden. However, significant 
changes in injury aetiology and impairment-level 
post injury were found, compared with the previous 
study. There remains a need for developing fall-re-
lated prevention strategies in rehabilitation settings 
as well as in population-based programmes. 
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ce; aetiology; Stockholm.

Accepted Feb 23, 2017; Epub ahead of print Apr 26, 2017

J Rehabil Med 2017; 49: 431–436

Correspondence address: Conran Joseph, Karolinska Institutet, De-
partment of Neurobiology, Care Sciences and Society (NVS), Division 
of Physiotherapy, 23100, SE-141 83 Huddinge, Sweden. E-mail: con-
ran.joseph@ki.se and conran.joseph@gmail.com

The global incidence of traumatic spinal cord 
injury (TSCI) appears to remain relatively stable 

(1–3) despite aggressive efforts to curb its occurrence. 
Based on data from 2011, incidence rates worldwide 
and for Western Europe were estimated at 23 and 16 
per million persons, respectively (1). Failure to reduce 
the incidence of TSCI may lead to an increase in its 
prevalence, contingent on a gradually increased life 
expectancy in this group, causing a potential shift in 
focus concerning the needs of the group ageing with 
injury. Limited reports of countries updating the epide-
miological figures of TSCI are available, information 
that is necessary for developing targeted prevention 
strategies and informing rehabilitation services. 

A centre of excellence for spinal cord injury (SCI) 
has recently been initiated in Sweden, with the long-
term focus on establishing a more centralized approach 
that targets, among others, prevention, the coordination 
of skills and expertise, the delivery of gold-standard 
care, and the assessment of cost-effective care pat-
hways. An earlier study on the epidemiology of TSCI 
in Stockholm, Sweden, approximately 2 decades 
ago, found the leading cause of injury to be transport 
accidents, and paraplegia the most common level of 
injury (4). More recently, the first prospective epide-
miological study performed approximately 10 years 
ago (also referred to as the previous study) on TSCI in 
Stockholm, Sweden reported an annual crude incidence 
rate of 19.5 per million persons, males to be at greater 
risk, and falls as the leading cause of injury (5). Given 
the change in leading causes of injury between the 2 
reports, an update on the previous prospective study is 
warranted in order to inform prevention programmes 
under the auspices of the centre of excellence. More-
over, another motivation for this study was the imple-
mentation of the International Spinal Cord Injury Core 
Data Set, as recommended by the International Spinal 
Cord Society (6), for standardizing the reporting of 
essential patient characteristics needed for worldwide 
comparison. These standards were, however, not fully 
implemented in the previous epidemiological study (5).

The aim of this study was to prospectively update 
the epidemiological figures, including incidence, ae-
tiology and injury characteristics, of acutely-injured 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2224&domain=pdf


JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

432 C. Joseph et al.

spinal injury unit. All evaluations were done in accordance 
with the International Standards for Neurological Classifica-
tion of Spinal Cord Injury (9, 10). In addition to the use of the 
core data set variables, certain variables, of the core set, were 
more precisely operationalized, and 2 more data elements were 
included. It is known that falls is the leading cause of TSCI in 
Sweden, therefore in order to learn more about the nature of 
falls, a variable capturing the height of falls (either: same level 
or < 1 m; 1–3 m; > 3 m) was included. Furthermore, in order to 
assess the timing of spinal decompression as a measure of good 
practice, according to acute clinical guidelines (11), we included 
date of spinal surgery. Concerning enrolment of participants, 
information about the project was provided and consent was 
sought once active inpatient rehabilitation commenced. In rare 
cases, eligible participants with very mild injuries were asked 
for consent whilst at the primary rehabilitation unit because 
they typically did not require active inpatient rehabilitation. 
Once consent was provided, the first (CJ) and one co-author 
(VS) screened the electronic medical records to retrieve the 
variables of interest. 

Statistical analyses

Participants’ characteristics were analysed descriptively. Con-
tinuous variables were expressed as both mean with standard 
deviation and median with range, as recommended for the re-
porting of core data (12). Categorical variables were expressed 
as number of cases (n) and percentages. The denominator, 
population at risk at the start of the study and expressed as 
person-time, for the incidence calculation was based on the 
end of 2014 population figure, which was then multiplied by 
1.5 (1,722,173 × 1.5 = 2,583,260), accounting for the 18-month 
surveillance period. Furthermore, the incidence rates with 95% 
confidence intervals (CI) were calculated using the Poisson 
distribution. The incidence rate difference was calculated to 
determine if statistically significant changes were noted between 
data from 2006–2007 and the current study. To assess associa-
tions between socio-demographic and injury characteristics, and 
between similarly operationalized data variables in the current 
and previous study, Fischer’s exact test was used because of 
small subgroups. 

RESULTS

Participant characteristics
The 18-month observation period yielded 49 TSCI 
incident cases in the greater Stockholm area, of which 
45 consented to participate in the study. The remaining 4 
eligible incident cases were excluded for the following 
reasons: 2 declined consent; 1 died after 7 days, but 
consent was not yet sought and; 1 was not part of the 
chain of care following admission to the spinal injury 
unit and therefore could not be reached. As seen in Table 
I, the cohort was mostly male (27/45; 60%). The mean 
and median age of the group were 55 and 58 years, 
respectively, with the highest proportion of injuries 
occurring in the 61–75 years age group. For the first 
year, most injuries occurred during the summer, with 
42% (11/26) of cases happening from 1 June 2014 to 31 
August 2014, and during weekends. The latter finding 

adult survivors of TSCI in the greater Stockholm area. 
A secondary aim was to compare the results with the 
previous study that collected data during 2006–07 (5).

MATERIALS AND METHODS

Design and ethics

All acutely-injured adults with TSCI in the greater Stockholm 
area, Sweden were prospectively included in this population-
based cohort study. This study forms part of a larger project that 
evaluates the epidemiology, clinical pathways, processes of care 
and outcomes following acute TSCI among adults. Advanta-
geously, the prospective, population-based methodology allows 
findings to hold relevance to the entire source population (7). 
The surveillance of incident cases was for an 18-month period 
that started on 1 May 2014 and ended on 31 October 2015. The 
Regional Board of Ethics in Stockholm approved the project 
prior to the start of data collection (dnr: 2014/137-31/1), whilst 
all other institutional and governmental regulations concerning 
the ethical use of human volunteers were followed during the 
course of this research. For secondary analysis purposes, a de-
identified data-set is available from the authors upon request.

Setting, surveillance system and inclusion criteria 

The registration of newly-injured persons with TSCI through a 
surveillance system was implemented in the greater Stockholm 
area, Sweden. The population size, for adults only, at the end of 
year 2014 was 1,722,173, after subtracting children under the 
age of 18 years. The healthcare pathway for the newly-injured 
and those living with TSCI is organized systematically in Stock-
holm, Sweden. Within the region, there are level 1 trauma units 
providing immediate and comprehensive intensive care, one 
spinal injury unit (providing post-acute/primary rehabilitation), 
3 active rehabilitation units, and one outpatient clinic delivering 
lifelong follow-up care. Newly-injured patients satisfying the 
following criteria used in another population-based study (8) 
were asked to participate in this study: (i) abnormal imaging, 
such as with magnetic resonance imaging scan or multi-slice 
computerized tomography scan, confirming an acute TSCI or 
cauda equina lesion; (ii) the injury must result in persisting 
impairment (i.e. not just a concussion) after emergence from 
neurogenic shock, which generally occurs within the first 24–72 
h after injury; (iii) age 18 years or older; (iv) surviving at least 
7 days post-trauma; (v) admittance to the spinal injury unit; and 
(vi) legitimately residing in Stockholm, Sweden. The inclusion 
criteria of participant selection between the current and previous 
prospective epidemiological study were similar in order to aid 
comparison. The only difference was the duration of the study 
period, with the current study recruiting newly-injured persons 
for 18 months.

Data collection variables and procedure

An important objective of this project was the implementation 
of the International Core Data Set for SCI in the acute healthcare 
context. The variables of the core data set cover aspects of the 
injury event, extent of the injury including neurological severity, 
and hospitalization (6). The assessment of neurological severity 
was performed by 2 attending physicians, also co-authors (VS 
and KT), on both admission to and discharge from the spinal 
injury unit (acute care), with the neurological characteristics 
of this cohort reflecting baseline data, i.e. admission to the 

www.medicaljournals.se/jrm
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433Epidemiology of traumatic SCI in Sweden

one of the 13 with paraplegia (6 complete injuries) had 
injuries in the thoracic region. 

Comparison of current and previous reference 
incidence study. 
As seen in Table II, no difference in incidence rate was 
found between the current and previous prospective 
study. In the current update, the mean age at injury 
onset was almost 7 years older, and the cohort consisted 
of a higher proportion of females, compared with the 
previous study. A significant difference (p = 0.004) was 
found for the distribution of cases across aetiologies 
of injury, with a higher proportion of transport- and 
fall-related injuries in the current update. Furthermore, 

remained consistent for the subsequent 6 months of 
surveillance, with 28 of the total 45 injuries happening 
between Friday and Sunday inclusive. Concerning ad-
ditional events in TSCI, 69% of cases presented at least 
1 associated injury and all but 2 had a vertebral injury. 
All vertebral injuries were surgically decompressed and 
stabilized, with the majority (61%) of the procedures 
performed within the initial 24 h of injury. 

Incidence
The annual crude incidence rate was 19.0 (49/2 583 
260) (95% CI: 14.0–25.1) per million persons. The 
gender-specific incidence rates were 23.6 (95% CI: 
15.9–33.7) and 14.5 (95% CI: 8.7–22.6) per million 
males and females, respectively, with a non-significant 
rate difference of 9.1 (95%CI: –1.6–19.8; p = 0.09). 

Aetiology and injury characteristics 
The aetiologies of injury were almost exclusively 
limited to falls and transport-related events, which 
accounted for 58% and 40% of injuries, respectively. 
Only one sport-related injury was recorded. When 
categorizing falls (Fig. 1) as either same level (inclu-
ding those under 1 m) vs higher than 3 m in the under 
and ≥ 60 years of age categories, we found 8 of the 
10 falls in the younger age group to be from higher 
heights, whereas 12 of 14 falls in the older age group 
were from same (low) level surfaces (p = 0.02). Only 
one fall happened from a height between 1 and 3 m. 
The transport-related injuries involved a motorcycle 
on 9 (50%) occasions, bicycle on 7 (39%) and a motor 
vehicle on 1 (one case unknown). At baseline, resultant 
tetraplegia were confirmed in 32 of the 45 subjects, 
with 23 at C1–C4 (5 complete injuries) and the re-
maining 9 at C5–C8 (2 complete injuries). All except 

Fig. 1. Categorization of falls for those under and over 60 years of age.
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Table I. Participant characteristics

Characteristics (n = 45)

Age at injury, years
Mean (SD) 54.9 (16.6)
Median (min–max) 58.0 (18–85)

Duration of acute hospital stay, days
Mean (SD) 44.4 (25.0)
Median (min–max) 42.0 (3–131)

Age categories, n (%)  
  18–30 years 4 (9)
  31–45 years 10 (22)
  46–60 years 12 (27)
  61–75 years 14 (31)
  ≥ 76 years 5 (11)
Gender, n (%)
  Male 27 (60)
  Female 18 (40)
Aetiology, n (%)
  Sport 1 (2)
  Assault 0 (0)
  Transport 18 (40)
  Falls 26 (58)
  Other trauma 0 (0)
Injury severity, n (%)      
  Ventilator dependent 0 (0)
  C1–C8 AIS A, B, C 11 (25)
  T1–S5 AIS A, B, C 10 (22)
  All AIS D 24 (53)
Associated injury, n (%)
  Yes 31 (69)
  No 14 (31)
Vertebral injury, n (%)
  Yes 43 (96)
  No 2 (4)
Spinal surgery, n (%)
  Yes 43 (96)
  No 2 (4)
Time to surgery, (n = 43), n (%)
  < 24 h 26 (61)
  24–48 h 7 (16)
  > 48 h 10 (23)

SD: standard deviation; AIS: American Spinal Injury Association Impairment 
Scale; AIS A: motor and sensory complete; AIS B: motor complete and 
sensory incomplete; AIS C: motor and sensory incomplete with more than half 
of key muscles with a strength less than grade 3; AIS D: motor and sensory 
incomplete with more than half of key muscles with a strength equal or greater 
than grade 3; Associated injuries included moderate to severe traumatic brain 
injury, non-vertebral fractures requiring surgery, severe facial injuries, major 
chest injury requiring mechanical ventilation and severe haemorrhaging, or 
damage to internal organs; Vertebral injury denotes at least one spinal fracture 
site or dislocation; Spinal surgery included laminectomies, spinal reductions, 
spinal fusions, internal fixations and neural canal restorations.

J Rehabil Med 49, 2017
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434 C. Joseph et al.

a significantly (p = 0.01) higher proportion of injured 
individuals were tetraplegic in the current study, 
compared with the majority being paraplegic in the 
previous study.

DISCUSSION

Regular updates on epidemiological figures are im-
portant for noticing differences in the frequency and 
distribution of incident cases and determinants of 
injury between observation periods. The main findings 
revealed that the incidence remained the same for the 
last decade; however, significant differences were found 
for differences in the distribution of cases across ae-
tiological categories and impairment level. Knowledge 
gained from such endeavours could be used to better 
target preventive strategies aimed at curbing TSCI, and 
plays an important role in the planning of resources for 
future rehabilitation. The prevention of TSCI remains 
a top priority in Sweden due to the impact it has on 
functioning and quality of life of survivors (13–15). 

The annual incidence rate estimate in the current 
study was 19.0 per million persons, which is in line 
with the previous study conducted in 2006–2007 (4). 
This updated figure is slightly higher than the mean of 
16 incident cases per million for Western Europe (1) 

but lower than the figures of 26.3, 25.1 and 33.5 per 
million in Norway (16), Finland (17) and Iceland (18), 
respectively. Furthermore, in line with most reports 
of this kind, the incidence was higher for males than 
females (19). 

In this study, the causes of injury were almost ex-
clusively limited to falls and transport-related events. 
Compared with the previous study (5), we noted a 
significant difference in the proportion of injuries 
across the different aetiological categories, with only 
1 sport-related injury in the current study. Moreover, 
an increase in falls was noted between the 2 studies, 
with a noteworthy increase (24%) in the “high falls” 
category. We further noted a significant difference in 
height of falls when categorizing those under and over 
the age of 60 years. Low falls, 12 out of the 14, prevai-
led in those over 60 years of age, whereas high falls, 8 
out of 10, were most common in those under 60 years 
of age. Possible explanations for the noted increase 
in high falls could be related to intentional self-harm 
attempts or poor judgment caused by substance abuse. 
These aforementioned reasons have previously been 
reported for TSCI cases in Sweden and other settings 
(4, 5, 20, 21); however, the accuracy of these should 
be further investigated in the context. 

A similar prevalence of low falls in those over 60 
years was reported in a recent Swiss-based study (19). 
The authors of the latter study considered primary 
preventive strategies for this emerging “at risk” group 
by adopting Haddon’s matrix (22) (a framework to 
conceptualize strategies) to consider conditions around 
the pre-event and event that could be altered in order 
to reduce the risk of injury. Considering “same level 
to < 1 m” falls in the elderly, they argued that since 
ageing is associated with balance issues, the preven-
tative strategy for the host, i.e. the individual, could be 
strength and balance training programmes, whereas the 
removal of excessive loose carpets could be used as 
strategy for addressing the “vehicle” (energy transfer 
responsible for the fall) by reducing the possibility of 
tripping (19). Fall prevention is further considered an 
important area of rehabilitation considering the high 
incidence of falls among those with existing SCI. A 
recent Scandinavian-based study indicated that the 
majority (64%) of TSCI survivors fell within a 1-year 
period, with many of the falls resulting in injury (23). 
Haddon’s matrix further has the potential of serving 
as a valuable framework when considering preventive 
strategies for different sub-groups prone to TSCI (22).

The cohort in the current study presented mainly 
with tetraplegia, which is in contrast to the findings 
of the previous study consisting mainly of individuals 
with paraplegia. Although 5 with complete injuries 
were at the neurological levels C1–C4, none of the 

Table II. Comparison of 2006–2007 and 2014–2015 study results

2006/2007 2014/2015a p-value

Population, n
Person-time, n

1,639,438
1,639,438

1,722,173
2,583,260

Cases, n
Incidence (per million), n

32
19.5

49
19.0

Gender, n (%)
  Male
  Female 

36 (77)
11 (23)

27 (60)
18 (40)

0.09

Age at injury, mean (SD)
Age categories, n (%)  
  16–30 years
  31–45 years
  46–60 years
  ≥61 years
Aetiology, n (%)
  Sport
  Assault
  Transport
  Falls
  Other trauma
Height of falls, n (%)
  Same level to < 1 m
  1–3 m
  > 3 m (at least 1 floor) 
  Missing
Level of impairment, n (%)
  Tetraplegia
  Paraplegia
Spinal surgery, n (%)

48 (20.1)

11 (23)
12 (26)
9 (19)

15 (32)

8 (17)
1 (2)

11 (23)
22 (47)
5 (11)

10 (45)
4 (18)
3 (14)
5 (23)

21 (45)
26 (55)
46 (98)

54.9 (16.6)

4 (9)
10 (22)
12 (27)
19 (42)

1 (2)
0 (0)

18 (40)
26 (58)
0 (0)

14 (54)
1 (4)

10 (38)
1 (4)

32 (71)
13 (29)
43 (96)

0.08

0.23

0.004

0.08

0.01

0.61

aThe person-time for the current study was calculated based on an 18-month 
observation period: this was done by multiplying the population figure by 1.5. 
SD: standard deviation. p < 0.05. 
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435Epidemiology of traumatic SCI in Sweden

individuals were ventilator dependent at discharge 
from primary rehabilitation. All except for 2 cases had 
a vertebral injury; that is, either a fracture or disloca-
tion, of which all were surgically decompressed and 
stabilized. Moreover, in 77% of cases, surgeries were 
performed within 48 h of injury, as recommended in 
acute clinical practice guidelines for SCI (11). “Early” 
surgical management after SCI is not only a hallmark 
feature of a specialist system approach, but has been 
associated with superior neurological recovery, shorter 
length of hospital stay, and reduced healthcare costs 
(24, 25).

The strength of this study was the use of a similar 
methodology as the previous prospective epidemiolo-
gical report, in that it provides a platform to evaluate 
whether current prevention strategies continue to apply, 
or if changes in resource allocation are warranted. 
Moreover, this study, in contrast with the previous 
study, utilized the International Spinal Cord Injury 
Core Data Set for the description of the cohort. Concer-
ning noteworthy limitations, only adults (≥18 years) 
residing in the greater Stockholm area were included 
in the present and previous studies, leaving a know-
ledge gap concerning paediatric TSCI and injuries 
happening in other parts of Sweden. Furthermore, very 
mild cases of TSCI could have been left undiagnosed, 
mainly at Level 2 trauma units, and thus influences 
the accuracy of the incidence estimate. Similarly, the 
methodological step of excluding cases dying within 
the first 7 days of injury could have influenced the es-
timated incidence. This was decided due to: (i) deaths 
occurring early after trauma are difficult to assess; (ii) 
difficulty of attributing TSCI as the cause of death if 
all investigations have not been conducted; (iii) pre-
hospital deaths that are often categorized generally 
without a primary diagnosis given; and (iv) many early 
deaths occur irrespective of the treatment provided, but 
typically due to the severity of the injury. Lastly, with 
falls substantially increasing since the last report, there 
is a need to investigate circumstances surrounding 
falls, using Haddon’s matrix, especially high level falls 
among younger adults. 

In conclusion, the incidence rate appeared not to 
have changed in Stockholm, Sweden, and is in line 
with other Western European countries. This update 
revealed a significant change in the distribution of 
injury aetiologies and level of impairment compared 
with the previous study, necessitating the adaptation 
of preventive strategies to better target those at higher 
risk of injury, and influence the content of and resource 
allocation for rehabilitation. There is a need to confirm 
whether the results of this study reflect the nation of 
Sweden in order to impact national-level policies and 
action plans.
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