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Abstract

Study design Cross-sectional study.

Objectives To describe the socio-demographics, injury characteristics, prevalence of shoulder and neck symptoms, weekly
participation in leisure time physical activity (LTPA) and quality of life (QoL) of individuals with spinal cord injury in
Denmark (SCI).

Setting Nation-wide community survey, Denmark.

Methods Individuals with SCI for >2 years were included from three SCI rehabilitation departments. Questionnaire data
regarding socio-demographic details, SCI injury characteristics, medical history, shoulder and neck symptoms, LTPA and
QoL were collected.

Results Of 2454 potential participants, 1517 (62%) responded to the survey (mean age = 56.2, SD 16.1, 37% female, 42%
tetraplegia, 23% complete SCI, mean time since injury = 16.9, SD 13.5). 75% used some form of assistive mobility device.
Responders and non-responders showed no sex or injury type/severity differences. Shoulder and neck symptoms within the
past 3 months were reported by 63 and 67% respectively, with 51% reporting shoulder symptoms within the past week.
Among those with symptoms, 61% had experienced shoulder symptoms and 56% neck symptoms, for more than 30 days
during the previous 3 months. Symptoms often prevented participants from performing their usual activities (due to shoulder
symptoms 46%, neck symptoms 41%).

Conclusions A high prevalence of self-reported shoulder and neck symptoms was found, which may limit physical function
and social activities. We succeeded in generating the Danish Spinal Cord Injury Shoulder (DanSCIS) dataset, which
comprised a substantial proportion of Danish adults with SCI. Future studies using data from this cohort will investigate
patterns and associations between shoulder/neck symptoms, use of assistive mobility devices, LTPA and QoL.

Supplementary information The online version of this article (https://
doi.org/10.1038/s41393-020-00594-1) contains supplementary
material, which is available to authorized users.
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Introduction

Around 3,000 individuals living in Denmark (population
5.8 million) have a spinal cord injury (SCI), with an annual
incidence of 10-15 cases per million inhabitants for trau-
matic SCI and non-traumatic SCI respectively [1]. In indi-
viduals with SCI, chronic pain, including shoulder pain, is
very common, prevalence estimates of shoulder pain vary
between 30 and 73% [2, 3], i.e., up to three times the point
prevalence for shoulder pain in the general population [4].

The etiology of musculoskeletal shoulder pain in indi-
viduals with SCI is multifactorial, where individual factors,
such as sex, age and level of SCI [2, 3], as well as shoulder
loading from physical and daily life activities [5, 6] have
been reported as some of the possible risk factors. But,
physical activity (PA) may also improve shoulder symp-
toms, general health and quality of life (QoL) [7, 8].

The large variation in prevalence estimates and the uncer-
tainty of risk factors for shoulder pain may be due to different
study approaches, such as study design, setting, recruitment
strategy, and generally small sample sizes [2, 9-12]. One large
cross-sectional observational study (n=1549) reported on
prevalence of shoulder pain the past week (36%), and did not
find an association between shoulder pain and PA level,
although it did not include detailed information on the amount
and intensity levels of the PA that was carried out. Addition-
ally, QoL and information on qualitative descriptors of pain
were not reported [3]. The latter is assumed to be a relevant
aspect for both diagnosis and treatment. Both among indivi-
duals with SCI and in the general population, shoulder pain is
associated with co-occurring pain at other body sites, primarily
in the neck, but also elsewhere in the upper extremity. There-
fore, addressing neck symptoms is of further relevance
[13, 14].

Generally, there is lack of knowledge about the extent and
characteristics of shoulder symptoms, including limitations in
performing usual activities, and associations with weekly
participation in PA (amount, intensity) and QoL, which are
important information for optimizing diagnostics, rehabilita-
tion, injury prevention strategies and policy-making. Before
proceeding to analytical studies, in this descriptive paper, we
detail the design, recruitment procedures, data collection, and
assessment tools for the nation-wide cross-sectional ‘Danish
Spinal Cord Injury Shoulder Cohort (DanSCIS). Part of
investigating this population’s representativeness is to report
and compare the results of socio-demographics with similar
populations, the SCI injury characteristics and the main self-
reported outcome measures. Therefore, the objectives of this
paper were to describe the socio-demographics and SCI
injury characteristics, and to report the prevalence of shoulder
and neck symptoms, overall weekly participation in leisure
time PA (LTPA) (amount, intensity) and QoL of individuals
with SCL
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Methods
Study design

The study is a mixed-mode [15], cross-sectional, observa-
tional study of individuals with SCI living in Denmark.
Reporting of the study follows the STROBE guidelines
(STrengthening the Reporting of OBservational studies in
Epidemiology) [16].

Study population

For the last 30 years, SCI rehabilitation in Denmark has
been considered a highly specialized function for patients
with newly acquired SCI. Study participants were Danish
individuals with SCI registered in the patient registry
databases at one of the following clinics: (1) Department for
Spinal Cord Injuries, Rigshospitalet; (2) Spinal Cord Injury
Centre of Western Denmark, Viborg Regional Hospital; and
(3) Specialist, Rehabilitation Centre, Rgdovre. Clinics 1 and
2 are the two national hospitals offering health care to
individuals with SCI. Clinic 3 is a private rehabilitation
centre with public funding, offering health care to indivi-
duals with polio and various types of physical injuries
including SCIL.

Inclusion criteria

Individuals with SCI (traumatic event (e.g., traffic accident,
fall) or non-traumatic events (e.g., infection, tumors)), who
sought health care for SCI-related problems within the past
3 years at the involved clinics, were 18 years or older, and
able to understand spoken and written Danish were included
in the study.

Exclusion criteria

We excluded individuals who were less than 2 years post
SCI, in order to minimize influence of the immediate con-
sequences of the SCI from cognitive, emotional and social
factors on self-reported symptoms as seen in the acute state.
In addition, individuals were excluded if they had other
severe neurological disorders (e.g., stroke or traumatic brain
disease/injury) causing a cognitive disorder, or severe
degenerative diseases.

Patient registry databases

Patient registry databases at the three recruitment clinics
were used to extract civil registration numbers (CPR)
(a unique government-issued identification number for all
residents), contact information and SCI injury character-
istics. The registry databases contain patient-specific
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information regarding examination, treatment and reha-
bilitation. The time period for data extraction was from
the inception of each patient registry database (~1990) to
2016 (December). Registration number duplicates were
eliminated and the most recent contact information was
used to contact potential participants.

Data collection and variables

A personalized cover letter was developed with inspiration
from Dillman et al. [15], containing a short description of
the study, how the potential participant was identified, what
the data would be used for, and information regarding
confidentiality. Lastly, the cover letter was accompanied by
instructions on how to fill out a web-based questionnaire.
The cover letter, the instructions and the electronic ques-
tionnaire were pilot-tested by both clinical experts and
individuals with SCI and the process led to revisions of the
invitation letter regarding wording, project information and
the inclusion of institutional logos. In the web-based
questionnaire, corrections of wording/typing errors were
made, and additional explanations were added to the fol-
lowing items: socio-demographic characteristics, PA, and
medicine intake for preventing/treating shoulder pain.
Additionally, shaded diagrams defining the shoulder and
neck areas were added to questions related to shoulder and
neck symptoms.

The web-based questionnaire included the following
validated questionnaires: Standardized Nordic Ques-
tionnaire (SNQ) for shoulder and neck symptoms [17],
Wheelchair User’s Shoulder Pain Index (WUSPI) for tar-
geting activity limitation resulting from shoulder pain
[18, 19], McGill Pain Questionnaire (MPQ) for assessing
the intensity and quality of pain [20] (results will be pre-
sented in a subsequent publication). LTPA Questionnaire
for people with SCI (LTPAQ-SCI) [21], International SCI
QoL Basic Data Set [22] and International Spinal Cord
Injury Socio-demographic Data Set [23]. In addition to the
validated questionnaires listed above, the DanSCIS ques-
tionnaire included questions on use of medication for
prevention and/or treatments for shoulder pain within the
past 3 years (results will be presented in a subsequent
publication), and types of assistive mobility devices for
use during walking (walkers, crutches, canes or other),
additional questions for individuals using wheelchairs
(results will be presented in a subsequent publication),
included duration of wheelchair use, number of wheelchair
transfers per day, car driving, type of automobile, history
of shoulder symptoms, and the presence of hand and
elbow dysfunction were included [24]. In total, the ques-
tionnaire consisted of 84 questions in eight electronic
pages, estimated to take between 15 and 20 min to com-
plete. During pilot testing, participants were asked how

long time it took to fill in the questionnaire. As an alter-
native to the web-based questionnaire, it was possible
to complete a 12-page paper-based questionnaire, if
requested (see supplementary material Appendix 1 for a
full presentation of the cover letter, instructions and
questionnaire used).

Information about the study and the motivation to par-
ticipate was given through advertisements in relevant con-
sumer magazines, self-advocacy organizations and relevant
homepages/social media.

Before mailing the cover letter, the contact list extracted
from the three recruitment clinics was validated against the
Civil Registration System regarding current living status
(i.e., alive, deceased, or emigrated). Afterwards, all poten-
tial participants received a cover letter containing instruc-
tions and a personal code for the web-based questionnaire.
If the potential participants had not returned their ques-
tionnaire within 3 weeks from the initial posting, a remin-
der, including the cover letter containing the code for the
web-based questionnaire, was resent. If there was no
response within 6 weeks, a second reminder was sent via a
secured digital post, ‘e-Boks', which is a Danish Public
Digital Post, for public authorities to send digital messages.
One-week later, the third reminder was mailed to the par-
ticipant’s home address, including the initial cover letter
containing the code for the web-based questionnaire and the
paper-based questionnaire along with a stamped return
envelope.

The data collection occurred between May 2017 to
August 2017 (10 weeks).

Standardized Nordic Questionnaire (SNQ)

The SNQ includes a general section that extracts muscu-
loskeletal health information for each part of the body, and a
specific section focusing on the lower back and neck/
shoulders [17]. For the current study, we used six of the 17
neck/shoulder questions from the specific section. A shaded
diagram of the body defining the neck and shoulder areas on
a body image was added to the questionnaire. Using the
diagram, the study participants answered either ‘Yes' or
‘No' to, ‘Have you had any presence of musculoskeletal
symptoms, in one or both shoulders, within the past
3 months?' (Item was mandatory). If answering affirma-
tively, they were asked three additional questions; (1) ‘For
how many days have you had these symptoms within the
past 3 months?' with the response categories of ‘1-7 days',
‘8-30 days', ‘More than 30 days' or ‘Every day'; (2) ‘Have
your symptoms prevented you from performing your usual
activities (at home/outside the home)?' with response cate-
gories of either ‘Yes' or ‘No'; and lastly (3) ‘Have you had
shoulder symptoms at any time during the past 7 days?' with
response categories of either ‘Yes' or ‘No'.

SPRINGER NATURE
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For neck symptoms, the study participants were asked
two questions; (1) ‘For how many days have you had these
symptoms within the past 3 months?' ('O days', ‘1-7 days',
‘8-30 days', ‘More than 30 days' or ‘Every day'), and (2)
‘Have your symptoms prevented you from performing your
usual activities (at home/outside the home)?' ('Yes' or ‘No')
[17]. The SNQ has previously been shown to be a reliable
and feasible screening and surveillance tool in able-bodied
that can assist medical examinations [25, 26]. The SNQ
instrument assesses 12-month symptom prevalence. For this
study, a 3-month prevalence was used to assess chronic
symptoms.

Leisure Time Physical Activity Questionnaire for people
with Spinal Cord Injury (LTPAQ-SCI)

Participation in LTPA was assessed by the LTPAQ-SCI
asking study participants about PA performed within the
past 7 days as follows: ‘During the last 7 days, on how
many days did you do mild/moderate/heavy intensity
LTPA? and ‘On those days, how many minutes did you
usually spend doing mild/moderate/heavy intensity LTPA?'
[21]. The LTPAQ-SCI was scored by calculating the mean
number of minutes per day of LTPA performed at mild,
moderate, and heavy intensities, and a total LTPA score was
calculated by summing minutes per day of activity across
the three intensities. Furthermore, participants were asked
about which PA they were mostly involved in. Evidence has
been provided of the reliability and criterion validity of the
LTPAQ-SCI as a brief measure of LTPA performed by
people with SCI [21]. For reference of maximum values of
relevant weekly minutes of LTPA activity, we used results
from a previous study on athletes with SCI [27]. Before
calculating total score, less than 30 responses were exclu-
ded. A Danish version of the LTPAQ-SCI has been trans-
lated and cross-culturally adapted based on recommended
guidelines, in collaboration with the developers [28].

International Spinal Cord Injury Quality of Life Basic
Data Set

QoL was measured by the International SCI QoL Basic
Data Set, consisting of three items regarding satisfaction
with overall QoL, satisfaction with physical health, and
satisfaction with psychological health for the past 4 weeks
[29], which has a good construct and convergent validity for
individuals with SCI [22]. Participants were asked:
‘Thinking about your own life and personal circumstances,
how satisfied are you with your life as a whole (physical
health, psychological health (emotions and moods)) in the
past 4 weeks?' All three items are rated on a numeric rating
scale (NRS) from 0 (completely dissatisfied) to 10 (com-
pletely satisfied).

SPRINGER NATURE

International Spinal Cord Injury Socio-demographic Data
Set and injury characteristics

Socio-demographic status was assessed by questions con-
cerning age, sex, marital status, household composition,
years of formal education and primary occupation [23]. SCI
etiology, severity (impairment/completeness), and time
since injury were selected as indicators of SCI character-
istics. SCI etiology was classified into ‘traumatic/non-
traumatic', impairment was classified into ‘paraplegia/tet-
raplegia’, and injury completeness was classified into
‘incomplete/complete’. The dichotomized variable on
impairment was merged, with a self-reported variable on
their level of SCI injury (cervical, thoracic, lumbar or sacral
injury), to calculate a combined self-reported/medical
record-based variable. Responses of a ‘cervical injury’ were
categorized as ‘tetraplegia’, and the remaining responses as
‘paraplegia’. In this process, we found a relative low number
of incongruences (n = 134). When this occurred, informa-
tion from the medical record was used. Information on
impairment and completeness, were drawn from medical
registrations of neurological level of injury, and classifica-
tions based on the American Spinal Injury Association
Impairment Scale [30].

Supplementary questions

The use of assistive mobility devices was assessed by the
following items: ‘Do you use a wheelchair?' ("Yes' or ‘No')
(Item was mandatory), and if yes, they were asked; “Which
type of wheelchair?, (‘'manual wheelchair', ‘electrical
wheelchair' or ‘both"). Furthermore, participants were asked:
‘Do you use one or more assistive devices for walking?'
('Yes' or ‘No"), if answering affirmatively, participants could
select: ‘walkers', ‘crutches', ‘canes' or ‘other'. Participants
were allowed to choose more than one response option.

Data quality control

All data were coded and recorded in REDCap (Research
Electronic Data Capture system). Data were imported to the
SPSS Statistics version 24.0 for Windows (IBM, Armonk,
NY) to create a database which is stored at the Open Patient
data Explorative Network, Odense University Hospital/
Department of Clinical Research. A quality control process,
including range checks and ensuring accurate data import-
ing and data transfers, was carried out. Information from the
paper-based questionnaires was assessed by double data
entry into the REDCap system to ensure uniformity of the
variables and to minimize data entry errors. Any dis-
crepancies and decisions made were documented and sub-
sequently corrected. When the quality control process and
data cleaning were completed, the database was locked.
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There were no requirements for number of required
responses to be included in the dataset.

Statistical analysis

Continuous variables were tested for normality (Shapiro
Wilk test, histogram and quantile-quantile (Q-Q plots)).
Descriptive statistics (number of observations, percen-
tages, mean and standard deviation (SD), median (inter-
quartile range, IQR)(Q3 =75th percentile - Q1 =25th
percentile)) were used to describe socio-demographic sta-
tus, injury characteristics, shoulder and neck symptoms,
LTPA and QoL. The variables on use of assistive mobility
device were grouped into the following -categories;
‘Walking without assistive devices', ‘Walking with assis-
tive devices', ‘Manual wheelchair', ‘Electric wheelchair',
‘Both manual and electric wheelchair'. For the purpose of
the analysis, the number of days of shoulder and neck
symptoms was grouped into 30 days or less, or more than
30 days. Additionally, neck symptoms for O days, 1 day or
more were grouped into ‘No' and ‘Yes', respectively.
Despite non-normal distributions, the variables on LTPA
are presented in both median and mean, to allow for better
comparisons with other studies. Item-response rates are
presented as the number of observations and percentages
relative to the total number of included participants. Dif-
ferences between responders and non-responders were
analyzed with an Independent ¢ test or x° test, where
appropriate. All statistical tests were two-tailed, the level
of significance was set at p <0.05.

Ethics

An advisory board of patient and expert representatives
were actively involved in the preparation of the patient
recruitment materials, pre-testing of the questionnaire, and
will be part of the knowledge dissemination process.
Informed consent to participate according to the Declaration
of Helsinki [31] was presumed, based on a returned
questionnaire.

Results
Participants

After exclusion of double registrations within and between
hospitals/centers (n = 486), 2670 potential participants were
initially identified based on the inclusion criteria. In all, 216
were ineligible, therefore 2454 individuals were invited to
participate in the study, and the total number of respondents
included in the analysis was 1517, resulting in a response
rate of 62%. Details of response, participation and exclusion

are presented in Fig. 1. The paper-based questionnaire was
filled out by 239 participants (15%).

Socio-demographic status and injury characteristics

All but three of the demographic and SCI characteristic
response rates were above 94%: etiology (85%), com-
pleteness of injury (69%), and time since injury (77%)
(Table 1). Mean age of all participants was 56.2 years
(ranged from 18 to 97 (Table 1)). Sixteen participants were
above the age of 80. The mean level of years of formal
education was 12.5 (ranged 7-26 years, not shown in table),
and mean time since injury was 16.9 years (ranged from 2
to 85 years). Due to the level of missing values in the
American Spinal Injury Association (ASIA) Impairment
Scale (AIS) grade and our primary interest in being able to
divide participants according to level of injury, we report
level of injury and the AIS grade separately. The included
participants had traumatic SCI (52%), paraplegia (58%),
and incomplete SCI (77%). The majority of the participants
used some form of assistive mobility device (n=1139;
75%), while 25% were able to walk without assistive
devices. Using a manual wheelchair was the dominant
assistive device, although for a proportion of the partici-
pants, wheelchair use was combined with another assistive
mobility device.

Shoulder and neck symptoms

The majority of items had response rates of more than 94%,
whereas the LTPA had lower response rates (76-83%)
(Table 2). Of all the participants, shoulder and neck
symptoms within the past 3 months were reported by 63 and
67%, respectively, with 51% reporting shoulder symptoms
within the past week (Table 2). Among those with symp-
toms, 61 and 56% had experienced shoulder and neck
symptoms respectively, for more than 30 days during the
previous 3 months. More than half of the participants with
symptoms (56%) reported both shoulder and neck symp-
toms within the past 3 months.

Symptoms often prevented participants from performing
their usual activities at home or outside the home (shoulder
symptoms 46%, neck symptoms 41%). On average, the
current level of symptoms on the Numeric Pain Rating
Scale (NPRS) corresponded to moderate pain (~4 out of 10)
for both shoulder and neck.

Leisure time physical activity
Weekly amount of LTPA ranged between 0 and 6235 min/
week (Table 2) with only 26 individuals presenting with

total LTPAQ scores above 3000 min/week. Generally,
the participants performed LTPA at mild intensities,

SPRINGER NATURE
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Sample size assessed for
eligibility
(n=2670)

\ 4

Participants invited
by letter
(n = 2454)

Not eligible (n=216)

No valid civil registration number (n=10)
No valid address (n=182)

Children below 18 years (n=24)

|

Reminder 1.
Invitation by letter
(n = 1880)

Respondents before
reminder 1
n=>558 (23%)

406

Withdrawals (n=16)

Declined to participate (n=3)

Returned letters (n=2)

No internet, PC or laptop, individuals were
sent a paper-based questionnaire (n=23,
and 16 responded. No reminders were sent

for the remaining 7).

No relevant diagnosis (n=3)
Deceased (n=1)

Reminder 2.
Invitation sent by e-Boks*
(n=1474)

(Incl. returned letter)

(Of these 343 were not signed up
to receive e-mails)

Respondents before
reminder 2
e-Boks
n =941 (38%)

264
T

\ 4

Withdrawals (n=23)

Declined to participate (n=4)
Returned letters (n=11)

No relevant diagnosis (n=2)
Hospitalized/severe illness (n=5)
Deceased (n=1)

Reminder 3.
After 6 days invitation by
letter/paper-based questionnaire
m=1210)

Respondents before
reminder 3
Invitation letter/paper-
based
n=1205 (49%)

5 respondents invited themselves
to the survey

Fig. 1 Flow of participants throughout the study. *e-Boks is a Danish Public Digital Post, where public authorities are entitled to send digital

only messages.

SPRINGER NATURE

Withdrawals (n=45)

Declined to participate (n=10)
Returned letters (n=16)

No relevant diagnosis (7=8)
Hospitalized/severe illness (n=9)
Deceased (n=2)

Total number of
respondents
n=1580 (64%)
Web-based n = 1341 (85%)
Paper-based n =239 (15%)

|

Excluded (n=63)

Accessed the survey with no responses
(n=33)

Additional neurological diagnoses with
cognitive disorder (n=8)

Did not understand spoken and written
Danish (n=2)

No diagnosis (n=20)

Respondents included in the
analysis
n=1517 (62%)
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Table 1 Socio-demographic status and injury characteristics for the
participants in the Danish Spinal Cord Injury Shoulder study.

Variable All (n=1517) Item response-
rate (n, %)
Socio-demographic status
Years of age n, mean (SD) 56.2 (16.1) 1517 (100)
Sex Female n (%) 560 (36.9) 1516 (99.9)
Marital status n (%) 1504 (99.1)
Never married 407 (27.1)
Currently married or 846 (56.3)
cohabiting
Separated, divorced, or 251 (16.6)
widowed
Years of formal education n, 12.5 (3.9) 1433 (94.3)
mean (SD)
Household composition, 1492 (98.4)
number of people n (%)
1-2 1180 (79.1)
34 264 (17.7)
5-7 48 (3.2)
Current occupational situation 1495 (98.5)
n (%)
Paid work or self-employed 497 (33.2)
Student 55 (3.7)
Unemployed for health 522 (35.0)
reasons
Retired 354 (23.6)
Other 67 (4.5)
Spinal cord injury characteristics
Etiology n (%) 1286 (84.8)
Traumatic 666 (51.8)
Level of injury n (%) 1466 (96.6)
Tetraplegia (C1-8) 615 (42.0)
Completeness of injury n (%) 1043 (68.8)
Complete AIS A 236 (22.6)
Time since injury in years n, 16.9 (13.5) 1171 (77.2)
mean (SD)
Assistive mobility device(s) 1510 (99.5)
used n (%)
Walking without assistive 371 (24.6)
devices
Walking with assistive 325 (21.5)
devices
Manual wheelchair 528 (35.0)
Electric wheelchair 153 (10.1)
Both manual and electric 133 (8.8)

n number, C cervical, SD standard deviation, AIS American Spinal
Injury Association (ASIA) Impairment Scale.

for the majority of the time (median 180 (IQR 380) min/
week), and slightly over 10% of the participants
reported no LTPA whatsoever. The weekly total score of
LTPA at combined moderate/hard intensity was mean

259.37, median 120.0 (IQR 360) min/week (not shown
in Table 2).

Quality of life

Reporting of general QoL (overall well-being) and satis-
faction with psychological health averaged ~6.5 out of a
maximum of 10, while satisfaction with physical health was
somewhat lower at 5.4 (Table 2).

Comparison of responders and non-responders

The results include the five respondents who self-selected to
participate in the study (Fig. 1). Responders (1517) and
non-responders (942) showed no differences regarding sex,
level of SCI (tetraplegia/paraplegia), and severity of injury
(complete/incomplete), but the responders were on average
4 years older, with longer time since injury (= 2 years), and
had less often experienced a traumatic injury (= 6%)
(Table 3).

Discussion

We described the clinical database sources, design, ques-
tionnaire development, participant recruitment/response
rate, and data quality checks for the population-based
DanSCIS dataset. Further, based on socio-demographic
factors and injury characteristics, we succeeded in recruiting
a substantial proportion of the Danish target population of
adults with long-standing SCI (n = 3000) (response-rate of
62%). Participants reported a high prevalence of shoulder
and neck symptoms (63 to 67%, past 3 months), as well as
variations in weekly amounts of LTPA.

The current socio-demographics and injury character-
istics appear to be similar to those reported in studies from
other countries on SCI populations [1, 3, 32-38]. However,
for some studies, the sample sizes were relatively small, and
the populations were sometimes restricted to include indi-
viduals with a traumatic injury or paraplegia only, making
them less comparable with the general SCI population
[9, 32-34, 38]. Socio-demographics of the DanSCIS (age,
sex) are broadly in line with a recent Swiss SCI community
cross-sectional study (n = 1549) (age 56.2+16 vs. 52.3+
15, sex 37% vs. 39%) [3], although, our DanSCIS dataset
had a smaller proportion of individuals with complete SCI
than the Swiss study (23% vs. 42%). The high proportion of
incomplete injuries in the DanSCIS study (77%) is in line
with previous findings from a Danish specialized rehabili-
tation hospital (~70%) [37], the Norwegian Spinal Cord
Injury Registry (NorSCIR) (86%) and the Nordic Spinal
Cord Injury Registry (NordicSCIR) (~80%) [36, 39]. Fur-
thermore, additional results on socio-demographic status

SPRINGER NATURE



828

C. M. Larsen et al.

Table 2 Summary of the self-
reported shoulder and neck
outcome variables, Leisure time
physical activity and Quality
of life.

Variable

All (n=1517)

Item response-rate (n, %)

Shoulder symptoms within the past 3 months n (%)
Yes

Days of shoulder symptoms within the past 3 months
n (%)

More than 30 days/Every day

Prevented from performing usual activities n (%)
Yes

Shoulder symptoms past week n (%)
Yes

NPRS current shoulder symptoms, mean (SD)

Neck symptoms within the past 3 months (%)
Yes

Days of neck symptoms within the past 3 months n (%)
More than 30 days/Every day

Prevented from performing usual activities n (%)
Yes

NPRS current neck symptoms, mean (SD)

Leisure Time Physical Activity score (LTPAQ-SCI)/week, mean, median (IQR)
600.5, 336.0 (730.0)
379.6, 180.0 (380.0)

Total score (min/week)
Mild (min/week)
Moderate (min/week)
Heavy (min/week)

Quality of life (0-10), mean (SD)
General quality of life
Physical health
Psychological health

898 (63.3)

545 (61.4)

391 (45.5)

716 (50.6)
43 (2.7)

952 (67.0)

534 (56.1)

376 (40.7)
4.0 (2.6)

192.2, 90.0 (240)
85.6, 0.0 (90.0)

6.5 (2.5)
54 (2.6)
6.7 (2.6)

1419 (93.5)

888 (98.9)

860 (95.8)

1416 (93.3)

884 (98.4)
1414 (93.2)

1414 (93.2)
924 (97.0)
942 (99.0)

1075 (70.9)

1260 (83.1)

1198 (79.0)

1160 (76.9)

1426 (94.0)

1432 (94.4)
1430 (94.3)

NPRS Numeric Pain Rating Scale (0-10, 10 = worst pain), LTPAQ-SCI Leisure Time Physical Activity
Questionnaire for people with Spinal Cord Injury, n number, SD standard deviation, /QR interquartile range

including 75th percentile (Q3) to 25th percentile (Q1).

Table 3 Comparisons between the responders and non-responders.

Variable Responders (n = 1517) Non-responders (n = 942) 95% CI of the difference p value
between groups
Female (n, %) 560 (36.9) 338 (35.9) -2.9:49 0.596'
Age, years (SD) 56.2 (16.1) 51.8 (17.0) 3.0;5.7 <0.001"
Time since injury, years (SD) 16.9 (13.5) 14.5 (1140)d 1.2;3.7 <0.001"
Traumatic injury (n, %) 666 (51.8)* 417 (57.5)° 1.2;10.2 0.013'
Complete injury (n, %) 236 (22.6)° 136 (23.1)f -3.7:4.8 0.830'
Tetraplegia, (n, %) 433 (44.0)° 274 (45.5)8 -1.7:8.6 0.186'

n number, SD standard deviation.
% =1286.

b =1043.

‘n=985.

41 = 653.

‘n="725.

fn = 589.

&n =578.

"Unpaired r-test.

{Chi-squared, y°.
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(marital and occupational status) are comparable to those of
SCI individuals involved in an Irish study [35].

Our findings of high prevalence and severity of self-
reported shoulder and neck symptoms are similar to a pre-
vious study from Turner and colleagues, where 76% of a
mixed SCI population reported upper extremity pain after
their SCI. Additionally, pain was experienced over a period of
75 days in the past 3 months and participants were restricted
from usual activities for ~18% of the time [13]. The one-week
prevalence of shoulder symptoms reported in the current
study is somewhat higher than previously found in a com-
parable study (51% vs. 39%) [3], and our findings on three-
month prevalence of neck symptoms (67%) is also higher
than previously reported (33%) [13]. This could be due to a
higher proportion of tetraplegic individuals included in this
study (42% vs. 30%). Additionally, the discrepancies
observed may be due to study sizes, differences in popula-
tions included and the methodologies used. On the whole,
studies showed shoulder and neck symptom prevalence’s
which are higher than the able-bodied population (1-month
prevalence 17-31% and 15-41%, respectively) [4, 40].

The results on LTPA suggest a very large variation among
the participants, and both the mean scores of individual LTPA
intensities (mild, moderate, hard) and the total LTPA score,
are higher than previously found [41, 42], although somewhat
closer to the results from the SwiSCI cohort study [42].
Differences in the methodology used to assess LTPA and the
inclusion of SCI populations at different functional levels may
account for the different study results. In our study, 25% of
the participants were able to walk without assistive devices,
which is higher than previously reported [41, 42]. In contrast
to the study by Ginis and colleagues, information on LTPA
included in the current study and in the SwiSCI cohort study
[42] were self-reported, which may have introduced an
overestimation of the LTPA level, especially for mild and
moderate intensities.

The quality of life scores from the DanSCIS study were
consistent with previous studies, showing scores between 5.5
and 7.1, with the lowest score for physical health [35, 43].

Previous literature points towards a negative association
between shoulder and neck pain and QoL [44, 45]. Fur-
thermore, few studies have examined the associations
between physical activity and shoulder symptoms in SCI
and results are equivocal to whether physical activity is a
possible risk or preventive factor [5, 46, 47]. Multivariable
analyses are needed to further investigate the associations
between shoulder symptoms, use of assistive devices for
mobility, quality of life and physical activity.

In this survey, a mixed-mode design was used, com-
bining contact delivery modes and different modes of data
collection. This design is attractive, due to the possibility of
reducing overall study costs, and due to the potential to
reach different types of participants [48]. It was therefore

expected that this design would potentially decrease both
coverage errors and non-response errors, hence increasing
response rate and overall representation of the final sample.
However, a mixed-mode design may introduce bias by
using different modes [15]. Even though considerations
were put into the current design phase in order to avoid
mode bias (by replicating the mode design from the web-
based to the paper-based mode), we cannot exclude the
possibility that the type of mode had an influence on the
answers provided. Apart from the items related to wheel-
chair usage and 3 months prevalence of shoulder symptoms,
survey questions were not mandatory. This methodological
decision has presumably led to a greater amount of missing
values in the measurement scales, where total scores are
calculated, such as the LTPAQ-SCI scale, although a
mandatory answer to all survey questions could also have
entailed some participants leaving the survey due to an
unwillingness to provide answers. The DanSCIS survey is
the first study of its size to include the LTPAQ-SCI as a
self-report measure. To the authors’ knowledge, no guide-
lines exist on how to calculate summary scores of LTPAQ-
SCI, when missing data occur, nor are we familiar with any
recommendations on data-cleaning rules, as provided for
other SCI relevant measurements, e.g., socio-demographic
variables [23]. The 62% response rate is somewhat higher
compared to cross-sectional studies of similar sizes within
this population, with response rates ranging from 41 to 49%
[3, 32, 33, 35, 49]. Participants were somewhat older than
non-responders and had sustained their injuries for a longer
period of time. Moreover, a difference between responders
and non-responders was found in their cause of injury,
which may introduce a potential bias, but the clinical rele-
vance of that difference is questionable. The similarity
between groups in sex, injury level and completeness,
points towards a representative population of adults with
long-term SCI. For future studies, we recommend the use of
a mixed-mode design to increase response rates and a dis-
cussion about the survey question requirements regarding
measurement scales from where a total score is derived, in
order to avoid missing data.

Strengths and limitations

We may have missed participants if, for some reason, they
had not visited the outpatient clinics at the Danish SCI
rehabilitations hospital departments over the 3-year period
as expected, or had not been referred to a specialized
rehabilitation center at all. Although this could affect the
sample size, we expect our invitation to participate in the
DanSCIS study accessed the majority of the Danish SCI
population. Currently, no reliable estimate of the prevalent
SCI population in Denmark exists, although previous results
point to an approximate prevalence of about 3000
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individuals [1]. Due to limitations of the electronic data-
bases/registry systems, it was not possible to preclude
individuals fulfilling exclusion criteria, such as additional
neurological diagnoses with a cognitive disorder, or severe
degenerative diseases. However, the survey included spe-
cific questions, which provided the possibility of identifying
these respondents. We did not include information about
other health problems the individual may be experiencing
(e.g., urinary tract problems, spasticity and contractures),
although we are quite aware that these aspects are of great
importance for the overall physical and mental health of
individuals with SCI. We wanted the survey to have the
minimum number of questions possible to answer our
research questions to maximize our response rate. The
strengths of this study are the use of a mixed-mode design,
inclusion of selected validated datasets and questionnaires,
as well as the inclusion of a large and representative
population. We thereby fulfilled important general quality
criteria, for surveying associations between shoulder
symptoms, LTPA and QoL for people with SCI in
Denmark.

Conclusion

In conclusion, we have provided a thorough description of
clinical database sources, design, questionnaire development,
participant recruitment/response rate, and data quality checks
for the population-based DanSCIS dataset. We succeeded in
collecting socio-demographics, SCI injury characteristics and
self-reported outcome measures on a substantial proportion of
Danish adults with long-term SCI. Future studies using data
from this cohort will investigate patterns and associations
between shoulder/neck symptoms, use of assistive mobility
devices, LTPA and QoL. A high prevalence of self-reported
shoulder and neck symptoms was found and weekly LTPA
and QoL varied greatly. Overall, the number of minutes of
LTPA performed at heavy intensity weekly was limited.

Data availability

Unidentifiable data may be available upon request and
approval from the Danish Data Protection Agency.
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