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Abstract
Study design: Cross-sectional survey
Objectives: To describe computer and Internet use (other than for work or study) among people with long-standing spinal
cord injury (SCI), examine associations between demographic and lesion characteristics and Internet use, and examine
associations between Internet use and mental health, participation, and life satisfaction.
Setting: Community, The Netherlands
Methods: Participants were 265 individuals living with SCI for at least 10 years, who were 18–35 at the onset of SCI, aged
28–65 at the time of the study and wheelchair-user. Scales for General and Health-related Internet use were developed.
Results: Nearly all (97.7%) participants had Internet access and 98.4% of those used it daily or weekly. Of those with
tetraplegia, 47.4% had assistive devices for computer use. General Internet use, such as following news and online banking,
was very frequent. Websites with information on general health or accessibility were typically visited a few times a year.
Three-quarters never visited websites of other individuals with SCI or foreign websites with information on SCI. General
Internet use was associated with male gender, younger age, and higher education. Participants with tetraplegia scored higher
on Health-related Internet use compared to participants with paraplegia. Health-related Internet use was associated with
worse participation, but not with the other psychosocial variables.
Conclusion: Internet has become part of daily life of people with SCI in the Netherlands. However, only one association
between Internet use and indicators of psychosocial functioning was found. Possible underuse of adaptive devices and of
SCI-specific websites warrant further investigation.

Introduction

In the last decades, the utilization of computers, smart-
phones, and the Internet has created tremendous opportu-
nities for people with physical disabilities. Shopping,
studying, obtaining health information, maintaining social
and professional relationships, the Internet allows even
individuals with severely restricted mobility to circumvent
transportation and accessibility barriers [1–5]. It is, there-
fore, not surprising that people with disabilities spend more
hours a day on the Internet compared to people with paid
work [6, 7].

However, large surveys among people with spinal cord
injury (SCI) in the United States between 2003 and
2006 showed only two-thirds of participants to have Inter-
net access at home and of those who had Internet access,
only 68.6% used the Internet daily [8, 9]. Of those with
tetraplegia and a computer, only 35% used an assistive
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device to enable computer and Internet use, such as voice
activation or recognition, modified mouse, typing splint, or
head pointer [8, 9].

Further, little information is available on what people
with SCI use the Internet for. A study in Turkey reported
that the major use of the Internet seemed to be social inte-
gration and social support [6]. In an American survey,
participants with SCI who had Internet access used it for e-
mail (90.7%), shopping (66.0%), visiting disability and
health websites (61.3%), employment (38.4%), and chat
rooms (15.5%) [9].

Studies on the possible benefits of Internet use among
people with SCI are sparse and reported diverging results.
The only intervention study reported no effects on health-
related quality of life [10]. One very large cross-sectional
study (N= 4618) showed more depressed mood among
non-users as compared to daily Internet users, but without
differences between daily users and those who used the
Internet on a weekly or monthly basis [11]. Other studies
found that occasional Internet users had better scores on a
variety of health-related quality of life outcomes compared
to non-users [8], but negative associations between frequent
Internet use and health and occupation scores were also
reported, such as a negative influence of frequent online
gaming on mental health [8, 12].

In short, literature on Internet access and use is sparse,
partly outdated, shows Internet use to be far from universal
and is inconclusive with respect to its possible benefits.
Against this background the objectives of this study were
the following: (1) to describe computer and Internet use in
people with long-standing (>10 years) SCI in the Nether-
lands, (2) to explore associations between demographic and
lesion characteristics and Internet use, and (3) to examine
associations between Internet use and measures of mental
health, participation and life satisfaction.

Methods

Study design

Cross-sectional survey.

Participants

Data used in this study were collected as part of the ALL-
RISC research program [13, 14]. Inclusion criteria were:
living with SCI for at least 10 years, between 18 and 35
years of age at the time of onset of the SCI, between 28 and
65 years of age at the time of inclusion in the study, and
using a wheelchair, at least for longer distances (>500 m).
Individuals with insufficient mastery of the Dutch language

to respond to an oral interview or to understand test
instructions were excluded. Data were collected between
November 2011 and February 2014.

Procedure

Potential participants were identified from the medical files
of all eight rehabilitation centers with a speciality in SCI
rehabilitation in the Netherlands. Sampling was stratified
according to TSI, with strata 10–20 years, 20–30 years and
more than 30 years post-injury. If the number of potential
participants allowed, random samples per stratum were
drawn. Potential participants received an invitation letter
from their rehabilitation physician and informed consent
was obtained from all participants. Participation in the study
included completing a mailed questionnaire and a visit to
the rehabilitation center for a medical assessment, oral
interview and physical tests.

Instruments

Internet use was measured with items adapted from a
questionnaire used by Statistics Netherlands with additional
study-specific items [15]. A 0–4 point response scale was
used (not at all, few times a year, monthly, weekly, daily).
We constructed two scales. First items were categorized as
either general or health-related based on their contents.
After that, items in each category were subjected to
explorative factor analysis (orthogonal rotation, default
SPSS settings) to explore the possible usefulness of further
subdivision of these scales, but this was not the case.
Finally, reliability analysis was used to remove items with
low corrected item-total correlations (<0.30).

The final scale for General Internet use consisted of ten
items, such as reading news, online banking, online shop-
ping and visiting social network sites. Two other general
items (e-mail and searching second-hand goods) were
omitted because of low inter-item correlations. The total
score is the average score of the items, with a range of 0 (no
general Internet use) up to 4 (daily use for all items).
Internal consistency of this scale was satisfactory, with a
Cronbach’s alpha of 0.77 and corrected item-total correla-
tions ranging from 0.36 to 0.57.

The scale for Health-related Internet use consisted also of
10 items, such as looking for information about SCI, about
assistive devices, visiting the website of the Dutch SCI
association and international SCI-related websites. The total
score also ranges from 0 up to 4. Internal consistency of this
scale was good, with Cronbach’s alpha of 0.86 and cor-
rected item-total correlations ranging from 0.44 to 0.66.

The item on the frequency of online gaming was sepa-
rately analyzed. The response categories of this item were
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dichotomized into 1 (daily or weekly) or 0 (less than
weekly) because of low numbers of participants in the no-
use and higher-use categories.

Demographic variables included: age at the time of the
study, sex, relationship status (single versus married or
stable relationship), level of education (low: up to high
school, versus high: college, university), and employment
status (no paid work versus having paid work for 1 h/week
or more).

SCI characteristics were assessed according to the
International Standards for Neurological Classification of
SCI [16]. American Spinal Injury Association Injury
Severity (AIS) grades A and B were categorized as motor
complete lesions and AIS grades C and D as motor
incomplete lesions.

Mental health was measured with the Mental Health scale
of the Medical Outcome Study 36-item Short-Form (SF-36)
[17]. This scale measures mood during the past 4 weeks with
a total score between 0 (low mood) and 100. The MHI-5
showed validity in a cohort of people with SCI [18].

Life satisfaction was measured with five items on satis-
faction with overall QoL and with health, daily activities,
relationships, and living conditions from the short-form of
the World Health Organization Quality of Life (WHOQOL-
BREF) [19]. The total score ranges between 5 (low life
satisfaction) and 25. This scale is valid for use in people
with SCI [20].

Participation in productive, leisure and social activities
was measured with the Utrecht Scale for Evaluation of
Rehabilitation-Participation (USER-P) [21]. Two of the
three subscales were used: restrictions measuring the degree
to which participants need help or have difficulty per-
forming certain activities, such as paid work, housework,
leisure activities and contacts with friends (11 items) and
satisfaction, measuring the degree participants are satisfied
with respect to the same activities (10 items). Total scores of
both scales range between 0 (worst participation) and 100
(best participation). The USER-P is a valid measure for use
in people with SCI [22].

Statistics

Descriptive and non-parametric statistics (Chi-square;
Mann–Whitney and Kruskall–Wallis tests, Spearman Cor-
relations and Somer’s D, where appropriate) were used to
analyze Internet use and associations with demographic and
SCI characteristics, and with psychosocial outcomes. If
bivariable associations were significant, linear regression
analysis was performed to examine whether correlation
coefficients significant in bivariate analyses would remain
significant after adjustment for demographic and SCI
characteristics. No violations of assumptions of linear
regression were found.

Results

A total of 282 individuals with SCI participated in the
ALLRISC study, of whom 265 (94%) completed the self-
report questionnaire and were included in the current ana-
lysis. Their characteristics are displayed in Table 1.

Internet access and assistive devices

A total of 259 (97.7%) participants indicated to have
Internet access. Of those with Internet access, 72.5% used
a desktop computer to access the Internet, 59.6% a lap-
top, 35.1% a tablet and 37.7% a smartphone (more than
one option possible). No significant differences between
participants with paraplegia and tetraplegia were found.
Of those having a computer, 27.8% had assistive devices
for computer use, 47.4% of those with tetraplegia and
9.9% of those with paraplegia (p < 0.001). The most often
used adaptive devices by participants with tetraplegia
were a trackball (29.5%), a typing aid (20%), an adapted
keyboard (11.4%), and speech-recognition software
(11.4%). A few participants with paraplegia used an
adapted touch screen, a document holder and/or an
adapted mouse.

Internet use and associated factors

Almost all (92.3%) participants who had a computer used it
daily, 6.2% weekly, and 1.5% less than once a week. Type
and frequency of use of the Internet is detailed in Table 2.
Using search engines (95.7%), sending/receiving e-mail
(93.8%), following news (72.9%), and online banking

Table 1 Characteristics of the study sample (N= 265)

Age (years; Md (IQR)) 47.9; (41.8–55)

% < 45 years 41.9

% 46–60 years 47.9

% > 60 years 10.2

TSI (years; Md (IQR)) 22; (17–31)

% 10–19 years 37

% 20–29 years 34.3

% ≥ 30 years 28.7

Gender (% male) 73.2

Traumatic spinal cord injury (%) 90.6

Tetraplegia (%)a 40.5

Motor complete lesion (%) 81.5

Married or in stable relationship (%) 60.8

High education (%) 56.9

Employment (% having paid work) 49.8

TSI time since injury, IQR inter quartile range
aN= 258
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(72.6%) were by far the most often mentioned types of daily
or weekly use. About half of all participants with Internet
access visited social network sites such as Facebook daily
or weekly, but about one-thirds of participants did not use
these at all.

Websites with information on general health or accessi-
bility were typically visited a few times a year (Table 2).
Websites with information on SCI were visited less often.
About 40% indicated to never visit the website of the Dutch
association of SCI patients (www.dwarslaesie.nl), and
three-quarters never visited websites of other individuals
with SCI or foreign websites with information on SCI.

The median score on the scale for General Internet use
was 1.9 (IQR 1.4–2.4) and this score showed a more or less
normal distribution (Kolmogorov–Smirnov test, p= 0.099).
Daily or weekly online gaming was reported by 18.5% of
participants with Internet access and about three-quarters
indicated to never play online games. General Internet use
was higher among men, younger participants and those with
higher education, compared to women, older participants
and those with lower levels of education and with
tetraplegia.

The score on the scale for Health-related Internet use was
strongly skewed, with a median score of .6 (IQR 0.4–0.9;
K-S test p < 0.001) on a 0–4 scale. Differences in Health-
related Internet use were only seen for level of SCI, parti-
cipants with tetraplegia scoring on average higher compared
to participants with paraplegia (Table 3).

General Internet use was moderately strong associated
with Health-related Internet use (Spearman correlation 0.43,
p < 0.001). The frequency of online gaming was weakly
(correlation 0.24, p < 0.001) associated with General, but
not with Health-related Internet use (correlation 0.09, p=
0.136).

Associations between Internet use and psychosocial
variables

One significant correlation was found between the fre-
quency of Internet use and measures of psychosocial
functioning of participants, a correlation of −0.17 (p=
0.008) between more Health-related Internet use and worse
levels of experienced participation. This correlation
remained significant after adjustment for age, level of SCI,

Table 2 Use of the Internet other
than for work or study (N= 259)

Goal of Internet use Daily Weekly Monthly Few times a year Not at all

aSearch engines 71 24.7 3.1 0 1.2
aNews 53.1 19.8 6.2 4.7 16.3

Email 85.3 8.5 1.5 1.5 3.1
aOne-to-one contact (e.g., Skype, chat) 18.7 16 8.9 11.7 44.7
aBanking 16.6 56 16.2 1.9 9.3
aOrganizing travel, vacation 2.7 1.9 5.8 53.9 35.7
aLooking for goods and prices 6.9 24.3 30.9 24.7 13.1
aOnline shopping 3.5 10.4 34.0 38.2 13.9

Searching second-hand goods sites 6.9 12.7 19.7 33.2 72.6
aSocial network sites 36 15.5 7.8 3.1 37.6
aDiscussion groups, panels, etc. 5.8 8.1 11.2 16.7 58.1
aDownload music, video 8.9 16.2 11.6 21.6 41.7

Gaming 11.2 7.8 2.7 5.0 73.7
bInfo about spinal cord injury (SCI) 0.8 3.9 10.9 58.1 26.4
bInfo about health in general 1.2 3.1 19.4 57 19.4
bInfo about assistive devices 1.6 2.3 14.7 60.1 21.3
bInfo about accessibility buildings etc. 1.5 6.2 16.6 51 24.7
bConsultation with health professionals 1.2 0.8 4.3 23.6 70.2
bWebsites Dutch rehab centers 0.4 0 1.6 30.2 67.8
bWebsite Dutch SCI association 0.8 0.4 5 40.7 47.3
bWebsite Spinalnet 0.8 0.4 5 28.2 65.6
bWebsites of other people with SCI 1.2 0.8 2.7 21.2 74.1
bInternational SCI websites 0.4 1.2 1.2 20.9 76.4

aItem included in the General Internet use scale
bItem included in the Health-related Internet use scale
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level of education and time since onset of SCI (beta −0.12,
p= 0.045) (Table 4).

Discussion

This study showed very high levels of Internet access and
use in a cross-sectional sample of Dutch people with long-
standing SCI around 2012–2013. Nearly half of those with
tetraplegia used one or more assistive devices for computer
use. Participants used the Internet more often for general

purposes compared to health-related purposes. SCI-related
websites were visited a few times a year or not at all, and
about three-quarters never visited websites of other people
with SCI or international websites with information about
SCI.

Internet and assistive devices use were much higher in
this study than reported in previous American surveys [4, 8,
9]. Those surveys, however, were performed more than 10
years ago and Internet use will also have increased in
Americans with SCI since then. Recent figures from this
and other countries are unfortunately lacking.

To put the figures on Internet use into perspective, we
compared our figures to those of the general Dutch popu-
lation aged 12–75 over the year 2012 [15]. The 97.7% of
participants having Internet access and 92.3% daily users is
somewhat higher than the 92.8% with Internet access and
78.2% daily users in the Dutch general population,
respectively. In our study, 88.8% used the Internet at least
monthly for online banking, against 73.3% within the last
three months in the Dutch population. For following the
news, this was 79.1% and 50.1%, respectively. However,
only 10% of our participants used the Internet for orga-
nizing travel or vacation and 23.7% for information about
health in general, against 44.7% and 51.8% of the general
Dutch population, respectively [15]. This might be related
to fewer opportunities to travel and having more frequent
contacts with health professionals, respectively.

About half of the participants with tetraplegia used one
or more assistive devices to access their computer, mostly a
typing aid or a trackball. The use of speech-recognition
software, head or mouth controls, special mouse and special
touch screen was low. This may be due to the few people
with a level of SCI above C4 in our study. Nevertheless,
such devices may make Internet use easier [23, 24]. May be
the accessibility options of modern computers, such as
standard voice activation and touch screens, have limited
the need for special assistive devices for most people with a
limited hand function.

We did not have a specific hypothesis on Internet use
for SCI-related information, but the figures we found were
surprisingly low in retrospect. The most often accessed

Table 3 Associations between demographic and SCI characteristics
and Internet use

General
Internet use
Median
(IQR)

Health-related
Internet use
Median (IQR)

Online gaming
(% daily or
weekly)

Gender

Male 2 (1) 0.6 (.6) 15.3

Female 1.7 (1.1)** 0.6 (.5) 26.8*

Age

<45 years 2.2 (.8) 0.7 (.6) 25

45–60 years 1.8 (1.1) 0.6 (.5) 14.1

>60 years 1.5 (1.2)*** 0.5 (.7) 11.1; p= 0.054

Level of education

Low 1.8 (1.1) 0.5 (.5) 22.3

High 2 (.9)** 0.6 (.5)* 17.6

Level of lesion

Tetraplegia 2.1 (1) 0.7 (.7) 16.7

Paraplegia 1.9 (1)* 0.5 (.5)* 19.6

Completeness of
lesion

Incomplete 1.9 (1) 0.6 (.5) 18.8

Complete 2.1 (1.1) 0.6 (.6) 18.4

Time since onset

10–20 years 2.1 (.8) 0.7 (.6) 23.3

21–30 years 1.9 (.9) 0.6 (.5) 14.3

>30 years 1.6 (1.1)*** 0.5 (.4)* 14.9

*p < 0.05; **p < 0.01; ***p < 0.001

Table 4 Associations between
Internet use and psychosocial
functioning

General Internet usea

(p-value)
Health-related Internet
usea (p-value)

Online gaming (% daily or
weekly)b (p-value)

Participation restrictions −0.02 (0.806) −0.17 (0.008) −0.08 (0.442)

Satisfaction with
participation

−0.04 (0.490) −0.07 (0.240) 0.13 (0.153)

Mental health −0.02 (0.771) −0.04 (0.483) −0.03 (0.723)

Life satisfaction −0.07 (0.284) −0.11 (0.074) −0.02 (0.825)

Quality of life −0.05 (0.433) −0.02 (0.786) −0.06 (0.061)

aSpearman Correlation
bSomer’s D
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SCI-related website was the site of the Dutch patients
organization, but even this site was never visited by about
half of our participants. Also, three-quarters indicated to
never visit SCI-related websites in a foreign language.
Other studies reported that about one-thirds up to 58% of
people with SCI used the Internet for health information
[2, 4, 5]. This indicates that many people with SCI do not
benefit fully from all information on SCI and SCI-related
health issues that is available to date. One possible
explanation is that participants received their rehabilita-
tion when the Internet did not exist. Alternatively, they
may have been disappointed by the type and relevance of
the information available. In an American study, partici-
pants rated the Internet as resource of health information
high for speed and accessibility, but lower for accuracy
and specificity [5]. A Spanish study showed that many
websites with health or SCI-specific information lack
readability or reliability [25]. Also, a lack of readiness to
look for information about SCI and the overwhelming
amount of information available may have limited this
type of Internet use [26]. However, we may have under-
estimated the access to health information through the
Internet because it is possible that participants get this
information through other channels, such as specific
Facebook groups or other social networks. Nevertheless,
the possible underuse of health-related information on the
Internet warrants further investigation.

Female gender, higher age, and lower level of education
were associated with less general Internet use, and lower
level of education was associated with less health-related
Internet use. Differences due to age may partly be a tem-
porary phenomenon, not only because the contemporary
young will grow old, but also because contemporary elderly
adopt Internet activities such as music and video, gaming
and social media [7]. Differences due to level of education,
however, reflect findings on inequalities in access to the
Internet in the Dutch general population namely that lower-
educated Internet users spent more time online in their spare
time, but that those with higher social status use the Internet
in more beneficial ways [7].

We found a weak significant association between more
health-related Internet use and worse participation. One
previous study found a similar result [8]. The interpretation
of this finding is unclear. It could be the presence of sec-
ondary health conditions that both prompts health-related
Internet use and limits participation, but it can also be a
chance finding, this association was weak and the only
significant association out of 15 associations tested. We
could not confirm reports from earlier studies on a positive
association between Internet use with lower depression
[11], or better health-related quality of life (but not better
mental health) [6], possibly because almost all of our par-
ticipants used the Internet daily. We also could not confirm

the previously reported significant correlation between
online gaming and depression [12]. Probably the group of
frequent gamers, with only 11.2% reporting daily use, was
too small to show possible adverse effects of frequent
gaming.

Limitations

Due to the inclusion criteria of the ALLRISC study, our
study group is not representative for the Dutch SCI popu-
lation. All participants were injured as young adults and at
least 10 years before the study, were between 28 and 65
years of age at the time of the study, and all were
wheelchair-user. Therefore we may have overestimated the
Internet use of the average person with SCI in the Nether-
lands. On the other hand, our exclusion of people with a
more recent onset of SCI may have led to an under-
estimation of this use.

Another limitation stems from the self-report nature of
our data. The validity of this data is questionable due to
memory effects. A study using of log-files to measure
Internet use would provide more precise data.

Finally, data collection took mainly place in 2012–2013.
Data on computer and Internet outdate quickly, for example
the use of social media and in particular. For example,
Internet use for health-related information in the general
Dutch population increased from 51.8% in 2013 to 67.1%
2018 [15].

Implications

This study confirms the importance of the Internet for
people with SCI. However, the low use of SCI-specific
websites shows that information on the Internet does not
reach everyone. This should be taken into consideration in
the development of e-health applications.

Now that the Internet has become integral part of daily
life, the most important source of health information and
health interventions are more and more delivered through
the Internet [5, 27, 28], computer access and education on
obtaining health information and learn to get feeling for
which information is reliable and which is not should be
important rehabilitation goals. Also, integration of infor-
mation developed by rehabilitation centers and information
on the Internet, and e-health applications need further
development.

Conclusion

Internet has become part of daily life of people with SCI in
the Netherlands. However, only one association between
Internet use and indicators of psychosocial functioning was
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found. Possible underuse of adaptive devices and of SCI-
specific websites warrant further investigation.

Data archiving

The datasets analyzed during the current study are available
from the corresponding author on reasonable request.
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