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Abstract
Study design Retrospective population-based cohort study.
Objectives To characterise the epidemiology of traumatic spinal cord injury (TSCI) among the inhabitants of Saint
Petersburg, Russia.
Setting All hospitals in Saint Petersburg.
Methods Charts for all individuals admitted to city hospitals from 1st January 1 2012 to 31st December 2016 with acute
TSCI were reviewed. Incidence rates were calculated for the whole period and for each year separately. Gender-specific and
age-specific incidence rates were calculated, and epidemiological characteristics and possible risk factors were analysed.
Results A total of 361 people were identified. The average annual incidence rate was 17.6 per million, varying from 21.2
(2013) to 13.6 (2016), and 70.9% were men. Mean age at injury was 42.1 years. Injuries from falls represented 49.8% of
cases, and motor vehicle accidents 18.9%. The male:female ratio in the low-falls group was 1.2:1, and among the elderly
patients, it was 0.5:1. Lesions at the cervical level were involved in 49.3%, thoracic in 24.7%, and lumbar/sacral in 23.5%.
TSCI was complete in 16.9%. Concomitant injuries occurred in 47.2% of cases, and traumatic brain injuries in 37.7%.
Conclusion TSCI incidence decreased during the observation period and was 2.4 times more common among men than
women. In half of the cases, injuries involved the cervical level, and a fall was the most frequent injury cause. Elderly
women more often had falls from a low height than men. Multiple injuries—most frequently traumatic brain injuries—were
common.

Introduction

The annual incidence of traumatic spinal cord injury (TSCI)
varies considerably worldwide [1], from 10 to 83 per mil-
lion inhabitants according to population-based and hospital-
based epidemiologic data. Most countries report an annual

incidence of 15–30 per million [2–6], and prevalence ranges
from 236 per million in India to 1800 per million in the
United States [1]. Epidemiology varies among regions
because of cultural, economic, and social factors [7–11].
TSCI epidemiology is well documented in Western Europe,
North America, and Australia, where countries have
implemented TSCI registries as a system for collecting
patient information that facilitates comparison of epide-
miological characteristics across time periods. TSCI data
from Russia and Eastern Europe, however, are limited and
were published decades ago [12–14].

We have studied a population-based cohort of adults
with TSCI in Saint Petersburg, Russia, which is an urban
area situated in the European part of the country. To ensure
a truly population-based analysis, all hospitals in Saint
Petersburg were included. The results reflect TSCI inci-
dence and will help to identify causes and possible lifestyle-
related risk factors for TSCI in this region.
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Methods

Study population and social and geographical
characteristics of Saint Petersburg

The area of Saint Petersburg is 1439 km². The registered
number of inhabitants was collected from the Administra-
tion of the Federal State Statistics Service for Saint
Petersburg and the Leningrad Region [15]. The estimated
adult population (age ≥ 18 years) was 4,267,500 in 2012 and
4,400,500 in 2016.

Inclusion criteria

According to the summary reports routinely presented to the
Health Care Committee, hospitals that reported having
hospitalised persons with ICD-10 codes suggestive of TSCI
were selected. Those hospitals in Saint Petersburg were
included and scrutinised according to the inclusion/exclu-
sion criteria for this retrospective epidemiological cohort
study. All patients with ICD-10 codes S14 (S14.0, S14.1),
S24 (S24.0, S24.1), and S34 (S34.0, S34.1, S34.3) were
included. To avoid misclassification, the following codes
were also covered in the search: S12 (S12.0, S12.1, S12.2,
S12.7), S13 (S13.0, S13.1, S13.2, S13.4), S22 (S22.0), S23
(S23.0, S23.4), S32 (S32.0), S33 (S33.0, S33.1), G82, T06
(T06.0, T06.1), T08, T09.3, and T91 (T91.1, T91.3). The
statistics department of each hospital assisted in identifying
records with these ICD-10 codes.

A total of 1517 patients with these ICD-10 diagnoses
were identified among the 13 hospitals in the period from
1st January 2012 to 31st December 2016. Patient charts for
January–March 2017 (76 charts) were also requested, to
capture any cases presenting at the end of 2016. The first
author of this paper analysed all patient charts to confirm
the diagnosis according to the definition of acute TSCI.
TSCI was defined as an acute traumatic lesion of the spinal
cord with varying degrees of motor and/or sensory deficit or
paralysis [12, 16]. Injury of the cauda equina was included.

The study included adult patients aged 18 years or older,
officially registered as residents of Saint Petersburg. Only
persons with permanent residence in Saint Petersburg and
migrants officially registered as residents were included in
the study.

Exclusion criteria

Persons who died in the prehospital phase were not
included in the study, whereas those who died in a hos-
pital were included. Patients with vertebral fractures
without spinal cord injury, isolated injuries of nerve roots,
or only autonomic nervous system manifestations were

excluded. A considerable but unknown number of persons
with a permanent address in other areas of Russia live
undocumented in Saint Petersburg, as do tourists and
migrant workers. Individuals from these groups were not
included.

Chart data

The following information was extracted from the charts:
sex, age, exact time of injury, employment before TSCI,
severity and level of TSCI, cause of TSCI, alcohol and drug
consumption at the time of injury, and concomitant injuries.
The International Standard for Neurological Classification
of Spinal Cord Injury was used for classification of TSCI
[17, 18]. The neurological level of injury and severity of
TSCI were assessed, and groups were defined according to
the latest recommendations [18]. In cases of multiple TSCI,
the case was classified by the highest level. Clinicians
scored cases based on the American Spinal Injury Asso-
ciation Impairment Scale (AIS).

Statistical analyses

The data were collected on a Microsoft Excel spreadsheet,
and statistical analysis was performed using STATISTICA-
10. Mean values with standard deviations (SDs) and median
values with interquartile ranges (IQRs) were calculated.
Because of the descriptive nature of the study, no inferential
statistics was used. Incidences were calculated based on
official statistical population data [15].

Results

In total, 1517 charts were reviewed. Among these, 361
patients had a confirmed acute TSCI, fulfilled all our
inclusion criteria, and were included. A total of 316 (87.5%)
of them were originally admitted to the six hospitals that are
licensed to provide care for patients with acute TSCI.
Another 32 patients with TSCI who were hospitalised
acutely elsewhere in Saint Petersburg were later transferred
to one of these six hospitals after the diagnosis was clarified.
In addition, 13 persons sustained a TSCI while somewhere
outside of Saint Petersburg. They were initially admitted to
hospitals in other regions of Russia and then transferred to
one of the specialised hospitals in Saint Petersburg as soon
as they could be safely transported.

In one of the hospitals, all data for 2012 were lost, while
in another, data for the first half of 2012 were lost. Infor-
mation regarding an estimated maximum of
30 patients from the year 2012 is therefore missing from our
study.
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Incidence

The annual incidence rate for 2012–2016 was 16.6 per 1
million adults (Table 1). Excluding the year 2012, for which
data were incomplete, the incidence was 17.6 per million.
The incidence for each year separately is shown in Table 1.

Sex, age, and employment

Of the entire cohort, 256 (70.9%) with TSCI were men,
with male:female ratio of 2.4:1. The lowest proportion of
women was identified in 2014 (22.8%) and the highest in
2015 and 2016 (both 33.3%). The mean (SD) age at injury
was 42.1 (16.9) years, and the median (IQR) was 38.0 (27.0
to 55.0) years in the whole group (valid n, 343). The mean
(SD) age of women was higher than for men (39.5 [14.8] vs.
48.7 [20.1] years). The age-related and sex-related dis-
tributions are shown in Fig. 1. A higher percentage of TSCI
among men occurred at a young age, whereas among
women, TSCI was equally frequent across all age groups. In
total, 39.6% of the population with TSCI were employed at
the time of their injury, whereas up to 32.4% were unem-
ployed (Fig. 2).

Causes of TSCI

The most frequent cause of TSCI was falls (49.8%), fol-
lowed by motor vehicle accidents (18.9%) (n= 322;
Table 2). Falls from a height (>1 m) were registered in
33.9%, whereas low falls were the cause in 15.9%. In the
younger age groups (<60 years), the leading cause was high
falls, whereas in the elderly group (≥60 years), it was low
falls. The mean (SD) age for patients with falls from <1 m
was 53.9 (13.3) years. The male:female ratio in the low-falls
group was 1.2:1, but this ratio shifted in the older age group
(≥60 years) to 0.5:1 (7 men, 14 women). Violence as a
cause of TSCI was more common in the group that was
documented as unemployed compared with those who were
employed. The distribution of TSCI causes was similar
across the whole registration period.

Level and AIS grade of TSCI

The injuries occurred at the cervical level in 178 (49.3%)
cases, thoracic level in 89 (24.7%), lumbar/sacral level in 85
(23.5%), and not classified in 9 (2.5%). In total, 43 cases
(11.9%) of TSCI involved injuries at two or more levels
based on magnetic resonance imaging findings.

From 319 charts with sufficient information on type of
injury, number and percentage of TSCI patients according
to level of injury and AIS grade are shown in Table 3.

Table 1 Annual incidence rate of TSCI 2012–2016 per 1 million
inhabitants, and distribution by sex and age

2012 2013 2014 2015 2016

N of cases 53 91 79 78 60

Incidence rate (per million) 12.4 21.2 18.0 17.7 13.6

Incidence rate by sex

Male 20.2 34.1 31.3 26.6 20.6

Female 6.3 10.8 7.4 10.6 8.1

Incidence rate by age (years) and sex

18–29

Total 19.3 32.2 28.1 22.2 15.2

Male 33.9 54.9 39.7 32.5 28.1

Female 4.8 9.5 16.5 11.7 2.3

30–44

Total 13.6 15.0 22.5 17.0 12.4

Male 22.9 24.1 39.4 23.5 17.4

Female 4.7 6.2 6.1 10.7 7.6

45–59

Total 8.7 19.0 15.0 15.8 14.0

Male 8.6 31.8 29.1 26.8 18.7

Female 8.7 8.6 3.4 6.8 10.2

≥60

Total 7.8 15.5 6.8 13.5 11.0

Male 10.3 25.4 9.9 19.8 14.9

Female 6.6 10.5 5.2 10.3 9.0
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Variations in TSCI incidence by month and weekday

Occurrence of TSCI was highest in July and August and
lowest in March and December (Fig. 3). It occurred most
frequently on Saturdays and Sundays and least frequently
on Thursdays (Fig. 3).

Acute surgical treatment

Acute surgical treatment was administered in 238 (74.1%)
of the TSCI patients (321 charts contained information). In
97 cases (30.2%), surgery was performed during the first 24
h, and after 24 h in 141 cases (43.9%), but usually in the
first few days (median [IQR], 4 (2 to 7) days; range, 22;
mode, 2 days). A total of 83 patients (25.9%) did not have
surgery.

Alcohol and drug consumption before trauma

Among the 160 cases with specific information available in
the charts, 108 had no intake of alcohol during 24 h before
the injury. In 48 cases (13.3%), intake of alcohol was
recorded (35 men, 13 women), and alcohol intake was
equally common in women and men. The proportion of
patients with recorded alcohol intake remained stable through

the registration period. Intake of alcohol was recorded in
75.0% of unemployed persons, which was higher than
among those who were employed, retired, or students
(16.7%, 8.3%, and 0%, respectively). Four persons (1.1%)
with TSCI reported taking illegal drugs before the injury.

Concomitant injuries

Additional injuries were observed in 163 TSCI cases
(47.2%) (data were available in 345 cases). Traumatic brain
injuries occurred in 130 (37.7%) and injuries outside the
central nervous system in 112 cases (32.5%). A total of 79
(60.8%) patients with concomitant brain injury also had
non-neurological lesions.

Discussion

We found an annual TSCI incidence of 17.6 per million
people in Saint Petersburg for the period 2013–2016. The
data for 2012 were not reliable (because of missed cases),
whereas the low incidence of TSCI in 2016 reflected the
downward trend of TSCI in Saint Petersburg. No previous
studies are available from this or similar areas, and different
regions of Russia probably have variable incidences and

Table 2 Number and percentage of various TSCI causes by sex and age

Age-group (years) Total (by sex) Totala

18–29 30–44 45–59 60–74 ≥75

Sex M F M F M F M F M F M F

Cause High falls 29 6 23 6 26 7 7 2 1 2 86 23 109

12.5 6.7 9.9 6.7 11.2 7.8 3 2.2 0.4 2.2 37.1 25.6 33.9

Low falls 2 1 6 5 13 3 6 9 1 5 28 23 51

0.9 1.1 2.6 5.6 5.6 3.3 2.6 10 0.4 5.6 12.1 25.6 15.9

MVA 11 6 16 6 5 8 5 3 0 1 37 24 61

4.7 6.7 6.9 6.7 2.2 8.9 2.2 3.3 0 1.1 15.9 26.7 18.9

Sport 6 1 4 1 0 0 0 0 0 0 10 2 12

2.6 1.1 1.7 1.1 0 0 0 0 0 0 4.3 2.2 3.7

Diving 10 1 7 0 0 0 1 0 0 0 18 1 19

4.3 1.1 3 0 0 0 0.4 0 0 0 7.8 1.1 5.9

Violence 2 1 12 1 3 0 1 0 0 0 18 2 20

0.9 1.1 5.2 1.1 1.3 0 0.4 0 0 0 7.8 2.2 6.2

Other 8 0 2 0 3 2 3 2 0 1 16 5 21

3.4 0 0.9 0 1.3 2.2 1.3 2.2 0 1.1 6.9 5.5 6.5

Unknown 4 2 5 1 4 2 5 1 1 4 19 10 29

1.7 2.2 2.2 1.1 1.7 2.2 2.2 1.1 0.4 4.4 8.2 11.1 9

Total 72 18 75 20 54 22 28 17 3 13 232 90 322

31 20 32.3 22.2 23.3 24.4 12.1 18.9 1.3 14.4 100 100 100

M male, F female, MVA motor vehicle accidents
an= 322
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causes of TSCI. Indeed, historical data from other parts of
Russia indicate higher incidences [12–14].

Our study was carried out in an urban, well-developed
area with a political and social environment that has chan-
ged during the last 30 years. The lower incidence of TSCI
than previously reported in Russia may be explained by
increased awareness of possible risk factors and introduced
preventive measures, and also by more reliable methodol-
ogy. Schedrenok and coworkers reported a higher incidence
of motor-vehicle related injuries [13]. Our study revealed
that falls represent the main cause of TSCI. The effects of
laws regulating seatbelt use and allowable alcohol level

while driving are probably reflected in our results. We also
believe the following changes implemented in recent years
probably affected our findings:

● Installation of video cameras along roads to record
violations of traffic rules, permission to punish drivers
based on data from these video cameras, and improved
driver training combined with more demanding tests for
a driver’s license [19].

● Implementation of a car recycling program to activate
the process of replacing old cars with new ones, and
introduction of new tax rates for old cars [20].

● Adding penalties for the use of a mobile phone without a
hands-free device during the vehicle’s movement and
for an unfastened seatbelt [21].

● Strengthening the requirements for driving schools [22].
● Penalties for driving in a state of intoxication, with a

criminal punishment for a repeated offence [23].

The number of motor vehicle accidents in Russia
decreased from 233,809 in 2007 to 173,700 in 2016 [24].

Studies from neighbouring countries have reported differ-
ent TSCI incidences [1, 25]. Scandinavia has the lowest TSCI
incidence [25]. A retrospective hospital-based study in Den-
mark (1990–2012) revealed the average incidence of TSCI to
be 10.2 per million [4], whereas a register-based survey in
Finland (1976–2005) showed an incidence of 13.8 per million
[9]. A study from China (2004–2008), which neighbours the
Asian part of Russia, revealed a considerably higher incidence
of 23.7 per million [26]. Our study demonstrates figures
similar to those of other European countries [11, 27, 28],
probably reflecting a similar lifestyle in Saint Petersburg, the
fourth largest city in Europe, compared with other urban areas
on the continent.

TSCI was more common in men than in women (ratio
2.4:1), similar to previous studies [1, 25]. However, the
prevalence among men was even more pronounced in a
study from Norway (ratio 4.7:1) [11]. Of interest, our study
revealed a considerable difference in age distribution
between the sexes, with men sustaining their TSCI at a

Table 3 Number and percentage of TSCI patients according to spinal
cord level and AIS grade

Spinal cord level AIS grade N %

C1–4 AIS A 6 1.7

AIS B 8 2.2

AIS C 9 2.5

AIS D 22 6.1

Unknown AIS 4 1.1

C5–8 AIS A 14 3.9

AIS B 14 3.9

AIS C 21 5.8

AIS D 39 10.8

Unknown AIS 9 2.5

Unspecified C AIS A 4 1,1

AIS B 0 0,0

AIS C 6 1,7

AIS D 16 4,4

Unknown AIS 6 1,7

Th1-S5 AIS A 30 8.3

AIS B 29 8.0

AIS C 25 6.9

AIS D 76 21.1

Unknown AIS 14 3.9

Unknown 9 2.5

Total 361 100
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younger age. Men tend to engage in a more risky lifestyle
(sports, crime) and consume more alcohol than women.
Falls from a height in young age often result from profes-
sional activities in which men are overrepresented. Women
outlive men and are more likely to have spinal fractures
with TSCI due to osteoporosis. Similar findings have been
reported in a previous study from Norway [11]. With a
mean age of 42.1 years, we showed that TSCI is not a
condition that predominantly occurs at young age.

Among our patients, upto 32.4% were unemployed at the
time of the injury, while the percentage of unemployed
people in Saint Petersburg was on average 19.1% in the
same period [15]. Violence as a cause of TSCI was higher
among the unemployed persons, and unemployment seems
to be a factor in the incidence of TSCI. Unemployment
similarly emerged as a risk factor in a study from China,
where TSCI patients had a high rate of unemployment [3].

Alcohol intake is a risk factor for TSCI [7, 29]. In our
study, alcohol intake prior to TSCI was documented in only
13.3% of cases, however, and the reported use of illegal
drugs was rare. The patient charts probably underrepresent
such risk factors because medical personnel did not sys-
tematically ask about or test for intake of alcohol or illegal
drugs. Patient information may also have been unreliable.
Our study indicates an effect of lifestyle factors such as
alcohol and unemployment, but prospective studies are
needed to determine their precise effects.

An awareness of TSCI causes is necessary for better
prevention. Despite ongoing measures aimed at protecting
the life and health of Russian citizens, such as the Federal
Law “Technical Regulations on the Safety of Buildings and
Structures” [30], the frequency of TSCI from falls is still
high. Most falls occurred from a level higher than 1 m.
However, low falls occurred more often in older age, and
women were overrepresented in this group.

We observed that falls and motor vehicle accidents were
the main causes of TSCI. Preventive measures should con-
tinue to be a focus, including traffic safety and fall prevention
in workplaces and at home. Our study demonstrated that
nearly one half of persons with TSCI had multiple injuries.
Multiple injuries make acute surgery, as well as rehabilitation
more complicated and prolonged. Traumatic brain injuries
were especially common, occurring in 37.7%. However, this
rate is lower than previously reported [31, 32].

In 16.9% of cases, a complete TSCI was found, and it
occurs in a minority of cases throughout the world [3, 6, 10,
11]. One half of the injuries were at the cervical level, and
most of them were incomplete. The injuries at the cervical
level may need respiratory follow-up, as well as extensive
rehabilitation with involvement of several specialties.
Therefore, the investigation of the frequency, level, and
severity of TSCI is important for the organisation of proper
medical care for TSCI patients.

Our study indicates a higher frequency of spinal cord
injuries in summer, particularly in July and August. Week-
ends also represent a period of high TSCI frequency. A
previous study from Russia found the same pattern [14]. The
results strongly indicate that people are prone to TSCI dur-
ing leisure time, probably in association with a lifestyle
involving more frequent use of alcohol and drugs, as well as
more demanding physical activities. Occurrence by seasons
and weekdays has rarely been examined previously [33, 34].

Our study had some limitations. Those who died at the
prehospital stage, as well as those who were injured outside
the city but never brought back to Saint Petersburg (because
of discharge or death), were not included. The year 2012
had some missing patient files, and some included cases had
incomplete data. These gaps may have led to an under-
estimation of some TSCI factors and to inaccuracies in
assessing TSCI associations. The official population data
from the Saint Petersburg area represent an underestimation
because of immigrants and other persons with no records in
official registries. According to unofficial data, the number
of migrants in Saint Petersburg ranges from 500,000 to
1,000,000, whereas according to official data, the number is
about 250,000. Immigration makes estimation of incidence
imprecise, although we excluded everyone without an
official Saint Petersburg registration. Persons under age 18
years were not included either; however, the annual inci-
dence of TSCI among children in Saint Petersburg was
estimated to be 8–10 per million in 2012–2016 (Vissarionov
SV, personal communication, unpublished).

Conclusions

The annual incidence of TSCI in Saint Petersburg was 17.6
per million during 2013–2016. The incidence decreased
during the observation period and is now similar to that of
other European countries. Falls and motor vehicle accidents
were the main causes of TSCI, and there was a high occur-
rence of multiple injuries, including brain injuries. One half
suffered from TSCI at the cervical level, and most TSCIs
were incomplete. Mean age at the time of injury was 42.1
years, and 70.9% of the injuries occurred in men. Women
sustained TSCI at an older age. Unemployment was a factor
in increased risk for TSCI, and leisure activities in summer
and weekends represent possible risk factors for TSCI. Pre-
ventive measures for the identified risk factors are the key to
further reducing TSCI incidence in Saint Petersburg.

Data archiving

The data sets generated and analysed during the current
study are available from the corresponding author on
request.
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