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Abstract
Study design Prediction study.
Objectives To investigate the prediction accuracy of the Downton fall risk index (DFRI) and a question of falls the previous
year; further to examine the association between time to first fall and risk indicators for falls in wheelchair users and
ambulatory persons with Spinal Cord Injury (SCI).
Setting Two SCI centres in Norway and Sweden (Sunnaas Rehabilitation Hospital, Rehab Station Stockholm /Spinalis).
Methods Two hundred and twenty-four persons with traumatic SCI, ≥1 year post-injury, ≥18 years participated. Prospective
falls were reported by text messages every second week for one year. Sensitivity, specificity and time to first fall (Kaplan
Meier) were investigated for DFRI and the question of falls in the previous year. DFRI ≥3 was defined as a high risk of falls.
Cox survival analysis was used to calculate hazard ratios for functional independence, gait speed and fear of falling.
Results The sensitivity was 36–57% for DFRI and 82–89% for the question of falls, while specificity was 74–83%, and
34–49%. For DFRI, time to first fall was shorter in the high-risk group, for both wheelchair users (p= 0.005) and
ambulatory persons (p= 0.006). Falls previous year increased the hazard ratio of falls for wheelchair users (HR= 3.35, 95%
CI= 1.86 to 6.02) but not for ambulatory persons.
Conclusions Falls in the previous year showed a better predictive accuracy than DFRI due to the low sensitivity of DFRI. As
previous falls had low specificity, it still remains difficult to predict falls in those who have not fallen yet.

Introduction

During a lifetime with spinal cord injury (SCI) there is a
high risk of secondary complications, and falls are an
additional threat to health and independence. Knowledge
regarding falls and SCI is increasing, showing that falls are
common, and an incidence between 30 and 72% [1–5] over
6−12 months has been reported. Furthermore, there seem to
be different factors contributing to falls in wheelchair users
and ambulatory persons with SCI [1–6].

Since falls and related injuries can have severe con-
sequences for the individual and may lead to great cost for
the society, it is important to identify persons at risk of
falling. In clinical settings, programmes for the prevention
of falls often start with screening for fall risk. There are
several fall risk assessments for different populations such
as elderly people [7], as well as for people with a neuro-
logical diagnosis [8, 9]. Fall risk assessments often include
different aspects, such as previous falls [7, 10], medication
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[10], mobility or physical function [7, 10], frequent toileting
[7] and visual impairment [7, 10]. Moreover, these assess-
ments are seldom developed for community dwelling peo-
ple, and to our knowledge there are no established fall risk
assessments designed for persons with SCI, and especially
for non-elderly groups with a large proportion of wheelchair
users.

The Downton Fall Risk Index (DFRI) [10, 11] is com-
monly used in the Nordic countries, and has shown pre-
dictive properties equivalent to other fall risk instruments
[12, 13]. When validated for stroke patients in geriatric
rehabilitation, a moderately high correlation was found
between the predicted risk of falls and observed falls [14].
The sensitivity for prediction of falls shown previously in

older people was 79 to 95%, and specificity was 24 to 40%
[10, 15, 16].

Previous falls, a well-known risk factor for falls [1, 17],
can either be used included in instruments such as Downton
[10, 16], or as a single item question. Simple prediction
models with age, sex, self-reported balance problems and
previous falls have been reported as being equivalent to
complex models [18].

Furthermore, staff assessment of the risk of falling
has in some studies been shown to have a better
prediction than instruments [7, 13], but not always [19].
Nevertheless, fall risk instruments, such as DFRI, are still
used and are recommended in guidelines for the prevention
of falls.

Table 1 Characteristics of participants divided in wheelchair users and ambulatory persons and split into those who fell or not during the one year
follow up period

Characteristics Wheelchair users Ambulatory persons

All n= 151 Not fallen
n= 53

Fallen n= 98 p-value All n= 73 Not fallen
n= 13

Fallen n= 60 p-value

Sex, male n (%) 124 (82) 41 (77) 83 (85) 0.262a 49 (67) 10 (77) 39 (65) 0.525a

Age, mean years (SDb) 47.4 (14.0) 48.3 (12.9) 46.9 (14.6) 0.581c 54.3 (15,7) 50.8 (15.5) 55.1 (15.9) 0.375c

Married/living with partner,
n (%)

81 (54) 26 (49) 55 (56) 0.406a 39 (53,4) 7 (53) 32 (53) 1.000a

Employmentd, n (%) 74 (49) 25 (47) 49 (50) 0.740a 27 (37) 7 (54) 20 (33) 0.210a

Years post injury, median
(IQRe)

16.0 (20.0) 16.0 (21.8) 18.9 (20.0) 0.662f 9.0 (15.5) 15.0 (14.0) 8.5 (15.8) 0.857f

Injury level, n (%) 0.703g 1.000g

Cervical 71 (47) 27 (51) 44 (45) 43 (59) 8 (62) 35 (58)

Thoracic 1–6 32 (21) 9 (17) 23 (24.5) 1 (1) 0 1 (2)

Thoracic 7–12 40 (26) 15 (28) 25 (25.5) 19 (26) 3 (23) 16 (27)

Lumbar 8 (5) 2 (4) 6 (6) 10 (14) 2 (15) 8 (13)

Completeness of injury, n (%) 0.519g 1.00g

AISh A 98 (65) 35 (66) 63 (64) 2 (3) 0 2 (3)

AIS B 30 (20) 10 (19) 20 (20) 1 (1) 0 1 (2)

AIS C 16 (11) 4 (7.5) 12 (12) 4 (5) 0 4 (6)

AIS D 7 (4) 4 (7.5) 3 (3) 66 (90) 13 (100) 53 (88)

Injury mechanism, n (%) 0.860g 0.268g

Sport 37 (25) 14 (26) 23 (24) 14 (19) 2 (15) 12 (20)

Violence 2 (1) 0 (0) 2 (2) 1 (1) 0 1 (2)

Traffic 68 (45) 23 (43) 45 (46) 23 (32) 2 (15) 21 (35)

Fall 38 (25) 14 (26) 24 (25) 31 (42) 7 (54) 24 (40)

Other 6 (4) 2 (4) 4 (4) 4 (6) 2 (15) 2 (3)

aChi2 (χ2)
bStandard deviation
cStudents T-test
dIn employment: either working or studying
eInterquartile range
fMann–Whitney U test
gFisher exact test
hAmerican spinal cord injury impairment scale
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The primary aim in this study was to investigate the
prediction accuracy of the Downton and a single item
question of falls the previous year in wheelchair users and
ambulatory persons with SCI. Secondly, the aim was to
investigate the relation between time to first fall and factors
related to falls in SCI [2, 3, 6] i.e., mode of mobility,
functional independence, gait speed, general quality of life,
fear of falling, and symptoms of depression.

Methods

This one-year longitudinal study is part of the Spinal Cord
Injury Prevention of Falls Study (SCIP Falls). Data col-
lection and sample have been thoroughly described earlier
[2, 3, 6]. A fall was defined according to the Prevention of
Falls Network Earth as “an unexpected event in which the
participants come to rest on the ground, floor, or lower
level”. The Standards for Reporting of Diagnostic Accuracy
Studies (STARD) for reporting diagnostic accuracy [20]
were used.

Participants

A consecutive sample of 224 persons with SCI was inclu-
ded after excluding 9 who were ill and 37 who declined to
participate. Participants, (151 wheelchair users, 73 ambu-
latory), were enroled from Rehab Station Stockholm/Spi-
nalis, Sweden and Sunnaas Rehabilitation Hospital, Norway
at regular lifelong SCI follow up. Participant characteristics
are displayed in Table 1, the Flowchart in Fig. 1. Of the 151
wheelchair users, 126 participants used light-weight
wheelchairs, 16 used different types of power wheelchairs
while the rest used “all-round or comfort” wheelchairs.

Persons ≥18 years of age, at least one year post traumatic
SCI (American Spinal Cord Injury Impairment Scale [AIS]
A-D), were included. Persons with motor complete injuries
(AIS A and B) above C5 level and injuries below L5 were
excluded. These criteria were chosen as persons with high
tetraplegia have a very special situation and rely on help
from other people. In the contrary, persons with lesions

below L5 have very small reduction in their physical
capacity and their situation differs in this way from most
other persons with SCI. Seven persons dropped out.

Data collection procedure

The data collection consisted of a structured interview and
clinical assessments as described earlier [2, 3, 6].

Falls were registered prospectively for one year with a
text message (sms) delivered every second week with the
question “Have you fallen the previous two weeks? (yes or
no)”. If no answer was forthcoming, a reminder and a tel-
ephone follow-up were sent. A semi-structured telephone
interview was performed when a fall was reported. Falls
during sports were registered but excluded. All participants
answered way above the pre-set criteria of at least 2/3 of the
text-messages, except for the seven drop-outs. Hence, 217
persons completed the study. Seven participants reported
falls mainly by email or telephone.

Outcome measures

DFRI [10], is an assessment based on 11 items: falls during
the previous year (score 0/1), medication (maximum score
5), visual, hearing and limb impairment (maximum score 3),
cognitive orientation (score 0/1), and ability to walk safely
(score 0/1). The total sum (0‒11) is calculated, and a score
of ≥3 is used to indicate a high risk of falls [10, 14].The
instrument (14) is thoroughly described by Rosendahl (10),
and their operational definitions were used.

The single item question of falls the previous year was
assessed by a semi-structured interview. Follow-up ques-
tions were used in order to reduce recall bias (i.e.,”Have you
fallen the previous year?”, How many times per month/
week?”). Furthermore, medication was registered by a
structured interview. Impaired vision was registered if a
participant “with or without glasses, was not able to read a
word in 5 mm block letters at reading distance” according to
Rosendahl et al. [10]. Impaired hearing was registered if the
participant “without hearing aid was not able to perceive a
conversation in a normal voice at a distance of 1 m” [10].
Limb impairment was registered when paresis or sensory
impairment was present [10]. All participants were con-
sidered to be cognitively oriented with respect to DFRI
since they had to be capable to cooperate and manage the
testing procedure and telephone follow-up.

Walking ability was considered safe, if the participant
with or without walking aids, could “move easily and
safely, when for example, opening and closing doors,
meeting people in the hallway, and approaching a chair to
sit down” [10]. There was no missing data regarding DFRI.

Functional independence was assessed with a Spinal
Cord Independence Measure (SCIM) III mobility score.Fig. 1 Flowchart of participants
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Symptoms of depression were defined as a depression
subscale sum score ≥8 of the Hospital Anxiety and
Depression Scale (HADS). General quality of life was
assessed using the International Spinal Cord Injury Quality
of Life Basic Data Set. Fear of falling (no/yes) was regis-
tered by interview. Maximal walking speed was measured
with the 10 Metre Walk Test (10MWT).

Statistical analysis

Statistical analyses were performed using IBM-SPSS Sta-
tistics, version 22.0 (SPSS Inc., Chicago, IL, USA), and
MedCalc Statistical Software version 16.4.3 (MedCalc
Software Ostend, Belgium; https://www.medcalc.org;
2016). Non-parametric statistics with median and inter-
quartile range (IQR), were used for those continuous vari-
ables not normally distributed. Dependent variable was
number of reported falls, dichotomised as no falls or at least
one fall. Differences between groups were analysed with
Student t-test, Mann–Whitney U-test and Chi2 test (χ2).
Fisher exact test was used for variables with <5 cases.
Spearman’s rank correlation coefficient (rs) was used to
investigate relations between variables.

Sensitivity and specificity for predicting falls were ana-
lysed for allocation to low and high-risk groups (DFRI) and
for the question of falls during the previous year. The area
under the Receiver Operator Characteristics (ROC) curve
was calculated with a value >0.7 considered as sufficient
[21]. After three, six, and twelve months specificity, sen-
sitivity, positive and negative predictive values (PPV and
NPV), and Prognostic Separation Index (PSEP) were cal-
culated with 95% confidence intervals (CI).

Kaplan-Meier analysis with the Log Rank test for sta-
tistical significance was used to investigate the time dif-
ference to first fall between the groups with a low or high
risk of falls (DFRI) and between those who had/had not
fallen the previous year. Event-free time was based on the
number of weeks from inclusion to first fall during follow-
up (or censoring for drop-outs), and those who had not
fallen were censored after 12 months. Cox regression ana-
lysis with hazard ratios (HR) and 95% CI was used to
investigate the association between the DFRI score (total
sum, low/high-risk groups, falls the previous year and
separate items from previous studies of the same sample)
[2, 3, 6], and time to first fall. Significant variables from
previous studies [2, 3] were also analysed: general quality

Table 2 Distribution of Downton Fall Risk Index including groups with high risk of falls and falls previous year (yes or no). Numbers are
displayed separately for wheelchair users and ambulatory persons, and for those who fell or not during the one year follow up period

Variable Wheelchair users Ambulatory persons

All
n= 151

Not fallen
n= 53

Fallen
n= 98

p-value All
n= 73

Not fallen
n= 12

Fallen
n= 61

p-value

High risk groupa 44 (29) 8 (15) 36 (37) 0.005b 31 (43) 2 (17) 29 (48) 0.048b

Fallen previous year 111 (74) 27 (18) 85 (56) 0.001b 58 (80) 8 (67) 50 (82) 0.230b

Medication sum scorec 0.402d 0.120d

Median (IQRe) 0 (1) 0 (1) 0 (1) 0 (1) 0 (0.75) 1 (1)

Tranquilisers 30 (20) 9 (6) 21 (14) 0.513f 18 (25) 2 (17) 16 (26) 0.718f

Diuretics 5 (3) 3 (2) 2 (1) 0.345f 6 (8) 1 (8) 12 (20) 0.581f

Antidepressants 13 (9) 2 (1) 11 (7) 0.141f 10 (14) 1 (8) 9 (15) 1.000f

Antihypertensivesg 11 (7) 4 (3) 7 (5) 1.000f 13 (18) 1 (10) 12 0.680f

Antiparkinsonian drugs 0 0 0 – 0 (0) 0 0 –

Visual impairment 0 0 0 – 3 (4) 1 (8) 2 (3) 0.421f

Hearing impairment 3 (2) 0 3 (2) 0.552f 2 (3) 1 (8) 6 (10) 0.304f

Walking ability (safe) 4 (3) 0 4 (3) 0.174f 7 (10) 1 (8) 6 (10) 1.000f

Total score

Median (IQR2) 2.0 (1) 2.0 (1) 2.0 (1) ≤0.001d 2.00 (1.00) 2.00 (0.00) 2.00 (1.00) 0.063d

aSum score ≥ 3
bChi2 (χ2)
cNumber of medication
dMann Whitney U test
eInterquartile range
gother than diuretics
fFisher exact test

P-values < 0.05 in bold
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of life symptoms of depression, functional independence,
fear of falling and maximal walking speed. Variables with
p < 0.20 and with at least 5 cases that had fallen were
investigated in a multivariate Cox regression analysis model
where p-values ≤ 0.05 were considered significant. The
possible confounders’ age and sex were included in the first
Cox regression analysis.

The study was approved by the local ethics committee in
Stockholm, Sweden (Dnr: 2012/830−31/2, 2013/391−32,
2014/364−32) and the Regional Ethics Committee for
Medical Research Ethics in South East Norway in 2012
(Dnr: 2012/531). We certify that all applicable institutional
and governmental regulations concerning the ethical use of
human volunteers were followed during the course of this
research.

Results

DFRI and the question of falls the previous year

The DFRI score ranged between 0 and 5 with a median of 2
(IQR= 1). Of the 224 participants 75 (34%) were defined
as having a high risk of falls (sum score ≥3), corresponding
to 44 (29%) of the wheelchair users and 31 (43%) of the
ambulatory persons (Table 2). Falls during the previous
year were reported by 170 (76%) of the participants, equal
to 111 (74%) of the wheelchair users and 58 (80%) of the
ambulatory persons.

Prospective falls

After three months 90 of 224 participants had fallen (40%),
after six months another 39 (totally 58%), and after twelve
months a total of 159 (71%). Significantly more participants
in the DFRI high-risk group 65/75 (87%) had fallen after
twelve months compared to 94/149 (63%) in the low risk
group (p < 0.001). Corresponding numbers were 36/44
(82%) and 62/107 (58%) for wheelchair users (p= 0.005),
and 29/31 (94%) and 32/42 (76%) for the ambulatory per-
sons (p= 0.048).

Concerning the question of falls during the previous
year, 24 of those 54 (44%) who had not fallen the previous
year fell during the 12 months follow-up period, compared
to 135/170 (79%) of those who had fallen the previous year
(p < 0.001). For the wheelchair users the corresponding
numbers were 27/53 (51%) and 85/98 (87%) (p < 0.001),
and for the ambulatory persons 11/15 (73%) and 50/58
(86%) (p= 0.23). One person had at least two falls related
to a change in psychotropic medication, and one person fell
due to influenza; otherwise there were no known falls due to
effects of medication or acute illness.

In general, the sensitivity was lower for the DFRI,
36–57%, than for the question of previous falls 82–89%,
while specificity was higher, 74–83%, compared to 34–49%
and there was little variation with time, Table 3.

For the DFRI, Kaplan–Meier analysis showed that the
time to first fall was shorter in the high-risk group, com-
pared to the low-risk group for both wheelchair users (Log

Table 3 Sensitivity, specificity, positive and negative predicted values, and prognostic separation index for predicting falls of Downton Fall Risk
Index, and the question of falls the previous year, at 3, 6 and 12 months displayed for wheelchair users and ambulatory persons

Downton fall risk index (low and high risk) Previous falls (no/yes)

Mode of mobility 3 months 6 months 12 months 3 months 6 months 12 months

Sensitivity Wheelchair user 36% (23–51) 36% (25–48) 37% (27–47) 89% (77–96) 85% (75–92) 86% (77–92)

Ambulatory 57% (41–72) 50% (36–64) 47% (35–61) 88% (75–96) 85% (73–94) 82% (70–91)

Specificity Wheelchair user 74% (65–82) 78% (67–86) 85% (72–93) 34% (25–44) 38% (27–50) 49% (35–63)

Ambulatory 81% (61–93) 79% (54–94) 83% (52–98) 33% (17–53) 37% (16–61) 33% (10–65)

Positive predicted valuesa Wheelchair user 39% (24–55) 61% (46–76) 82% (67–92) 38% (29–48) 58% (48–67) 76% (67–83)

Ambulatory 80% (65–90) 87% (73–94) 93% (80–98) 66% (59–71) 79% (73–85) 86% (80–90)

Negative predicted valuesb Wheelchair user 72% (62–80) 55% (45–65) 42% (33–52) 88% (73–96) 73% (56–85) 65% (48–79)

Ambulatory 58% (48–67) 36% (28–44) 23% (18–31) 67% (43–84) 47% (27–67) 27% (12–49)

Prognostic Separation indexc Wheelchair user 0.106 0.165 0.239 0.253 0.302 0.407

Ambulatory 0.361 0.228 0.174 0.322 0.260 0.129

aPositive predicted value (PPV) is the proportion of those classified as high risk which fell
bNegative predicted values (NPV) is the proportion of those classified as low risk that did not fall
cPrognostic Separations Index (PSEP) is the difference between the probabilities of falling for a person in the group with the worst predicted
prognosis, and probabilities of falling for a person group with the best predicted probability. (PSEP= PPV+NPV-1)

For Downton the area under the ROC curve was 0.62 (95% CI 0.55–0.71) for the wheelchair users, and 0.65 (95% CI 0.53–0.76) for the
ambulatory persons after 12 months. For the question of falls the previous year, it was 0.71 (95% CI 0.62–0.81) and 0.58 (0.48–0.69)

Predictors of falls in persons with spinal cord injury—a prospective study using the Downton fall risk. . . 95



Rank Mantel-Cox, p= 0.005), and ambulatory persons
(p= 0.006) (Fig. 2a–b). Moreover, wheelchair users who
had fallen during the previous year had a shorter time to first
fall (Log Rank Mantel-Cox, p ≤ 0.001) contrary to the
ambulatory persons (p= 0.073), (Fig. 2c–d).

Hazard ratios (HR) for fall predictors during the
follow-up period (time to first fall)

In the high-risk DFRI group, both wheelchair users and
ambulatory persons had increased HR compared to the low-
risk group, HR= 1.77, 95% CI= 1.17 to 2.67, p= 0.007
respectively HR= 1.98, 95% CI 1.19 to 3.32, p= 0.009.
For the question of falls during the previous year, there was
a strong positive relationship between previous falls and
falls during follow-up for wheelchair users (HR= 3.35,
95% CI= 1.86 to 6.02, p < 0.001) (Table 4a) but not for
ambulatory persons (HR= 1.78, 95% CI= 0.92 to 3.44,
p= 0.085) (Table 4b).

For wheelchair users, there were five significant vari-
ables (p < 0.05) with ≥5 participants per category: DFRI
total score, DFRI group allocation, previous falls, HADS
depression score and functional independence (SCIM)
(Table 4a). For those with depressive symptoms, the HR for
falls were increased (HR= 2.16, 95% CI= 1.24 to 3.79).
Those with higher SCIM scores had a higher HR compared
to those with lower (HR= 1.06, 95% CI= 1.01 to 1.11).
HADS depression score and SCIM were moderately asso-
ciated (Spearman’s Rho=−0.351; p= 0.002) [48]. They
were used in a multivariate model where the HADS
depression score ≥ 8 was associated with increased HR for
falls (HR= 2.13, 95% CI= 1.22 to 3.72), and for each unit
increase in SCIM score the HR increased by 6% (HR=
1.06, 95% CI= 1.01 to 1.11).

For the ambulatory persons, there were two significant
variables (p < 0.05), DFRI total score and 10MWT. A
higher DFRI score corresponded to increased HR for
falls, (HR= 1.29, 95% CI= 1.04 to 1.62, p= 0.023).

Fig. 2a-d a, b. Kaplan–Meier
graph on time to first fall (in
weeks) for participants classified
as having low or high risk of
falls according to Downton Fall
Risk Index, displayed for
wheelchair users (a) and
ambulatory persons (b). At
baseline there were 44 of 151
wheelchair users, and 31 of 73
ambulatory participants
classified as having high risk of
falling. c, d. Kaplan-Meier graph
on time to first fall (in weeks) for
participants who reported falling
or not the previous year,
displayed for wheelchair users
(c) and ambulatory persons (d).
At baseline there were 112 of
151 wheelchair users, and 58 of
73 ambulatory participants who
reported falling the previous
year
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Furthermore, a longer time during 10MWT, equivalent to
slower speed, increased the HR for falls (HR= 1.13, 95%
CI= 1.01 to 1.27, p= 0.027) (Table 4b). These two where
used in a multivariate model where only the DFRI total

score remained significant (HR= 1.28, 95% CI= 1.03 to
1.60, p= 0.027). For several variables, it was not possible
to calculate the HRs due to the distribution of participants
causing low numbers (<5) per category.

Table 4 Cox regression analysis with hazard ratios (HR) of Downton Fall Risk Index and time to first fall during one year follow up

Wheelchair users (n= 151) Ambulatory (n= 73)

Non cases
Not Fallen
N= 53

Cases
Fallen
N= 98

HR 95% CI p Non cases
Not fallen
N= 12

Cases
Fallen
N= 61

HR 95% CI p

Downton total score 1.67 (1.28−2.17) 0.000 1.29 (1.04−1.62) 0.023

Downton groups 1.77 (1.17−2.67) 0.007

Low risk (reference) 45 62 10 32

High risk 8 36 2 29

Falls last year 3.35 (1.86−6.02) 0.000

No (reference) 26 13 4 11

Yes 27 85 8 50

Medication sum score 1.12 (0.78−1.59) 0.548 1.20 (0.90−1.60) 0.208

Tranquilisers 1.29 (0.79−2.08) 0.309

No (reference) 44 77 10 45

Yes 9 21 2 16

Diuretics 0.43 (0.11−1.75) 0.238

No (reference) 50 96 12 55

Yes 3 2 0 6

Antidepressants 1.54 (0.82−2.90) 0.176

No (reference) 51 87 11 52

Yes 2 11 1 9

Antihypertensivesa 0.79 (0.37−1.71) 0.553

No (reference) 49 91 11 49

Yes 4 7 1 12

Risk indicators from earlier studies of present sample

Age 0.99 (0.98−1.01) 0.476 1.00 (0.99−1.02) 0.942

Sex 0.80 (0.46−1.38) 0.415 1.24 (0.73−2.10) 0.426

Female (reference) 12 15 10 39

Male 41 83 12 22

Working or studying 1.16 (0.78−1.72) 0.468 0.90 (0.53−1.53) 0.691

No (reference) 28 49 6 40

Yes 25 49 6 21

SCIM III
Mobility scoreb

1.06 (1.01−1.11) 0.016 0.97 (0.92−1.02) 0.191

Depressive symptomsc 2.16 (1.24−3.79) 0.007

No (reference) 43 50 11 50

Yes 10 48 1 11

General quality of lifed 0.93 (0.86−1.01) 0.097 0.93 (0.84−1.02) 0.139

Fear of falling 0.74 (0.49–1.13) 0.161

No (reference) 30 65 8 19

Yes 23 33 4 42

10MWT max (s)e – – – – 1.13 (1.01−1.27) 0.027

The analysis also includes significant risk factors for falls from previous studies of the same sample. Corresponding 95% confidence intervals (CI),
p-values and number of participants who fell (cases). Values with ≥5 cases and p ≤ 0.001 in bold
aOther than diuretics
bSpinal Cord Independence Measure III
cHospital anxiety and depression scale, depressive symtoms defined as sum score of at least 8
dInternational Spinal Cord Injury Quality of Life Basic Data Set
e10 Metre Walking Test (time in seconds at maximal speed), for ambulatory persons
fFisher exact test
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Discussion

This study is to our knowledge one of the first investigating
fall risk assessments for persons with SCI. It shows that the
fall risk assessment according to DFRI had a lower sensitivity
in predicting falls during the one-year prospective follow-up,
while the question of falls during the previous year showed a
greater ability to predict those who would fall. Symptoms of
depression and higher functional independence were asso-
ciated with higher HR for falls for the wheelchair users, while
reduced maximum walking speed and DFRI total score
increased the HR in ambulatory persons.

The sensitivity and specificity for DFRI were lower
compared to other groups [10, 15, 16], probably explained
as the use of medication was low, and visual and hearing
impairments were rare, due to the relatively young age of
the study group. The low specificity for the question of
previous falls indicates that those who had not fallen during
the previous year still risk falling in the future. Accordingly,
the area under the ROC curve, (Table 3), was rather low
(0.62–0.65) for DFRI, but for the question of falls during
the previous year it was just above (0.71) the proposed
acceptable level of 0.70 for wheelchair users, but not for
ambulatory persons (0.58).

In general, sensitivity and specificity did not vary much
with time for any of the fall risk assessments. As expected, the
PPV increased with time, i.e., those who were classified as
high-risk or had reported falls previous year did fall. Conse-
quently, the NPV decreased, i.e., the proportion of those who
were classified as low risk or had not fallen during the pre-
vious year, who did not fall during follow-up. Even though
previous falls is a strong predictor for future falls, included in
both methods and in other fall risk assessments [7], it remains
difficult to find the first-time fallers.

Interestingly, it has been suggested by Vassallo et al.
[13], that low predictive accuracy of a fall risk assessment is
positive, i.e., if a patient with a high risk of falling does not
fall, the fall preventive interventions seem to be correct, a
so-called treatment paradox. They further suggest that pre-
vention of falls should be based on targeting known risk
factors instead of using risk classifications [13]. The use of
fall risk instruments has also been criticised [22] as it might
take valuable resources without adding enough clinical
value, because even if they predict the risk of falls correctly,
they capture the risk for just a short timeframe. However,
the question of previous fall only takes a few minutes.

Moreover, the relation between time to first fall and
factors related to falls in previous papers of the SCIP Falls
study [2, 3, 6] were investigated. Due to the limited number
and distribution of participants, the Cox regression analysis
could not be performed for some variables. For the wheel-
chair users, a higher level of independence (higher SCIM
value), was associated with higher HR for falls. This is

possibly explained as people with lower levels of inde-
pendence (often, but not always, reflecting a more severe
SCI), have more supervision/assistance. Interestingly, there
was no association between time to first fall and level of
functional independence for the ambulatory persons in this
study contrary to other studies with varying results con-
cerning level of function and falls [4, 5]. Remarkably, the
wheelchair users with symptoms of depression had double
HR for time to first fall (2.16, 95% CI= 1.24 to 3.79),
indicating that this is an area of clinical importance. The
relation between depression and falls has, to our knowledge,
not been studied in the SCI population. However, in persons
with other neurological diagnoses [23], it has been related to
increased fear of falling, and to risk of falls in elderly [24].

Study limitations

Despite the limited sample, the size is relatively large for
this type of study in an SCI population. Inevitably, ana-
lysing participants separately depending on previous falls
reduced the statistical power; but based on the high sig-
nificant HR this method was chosen. Furthermore, any fall
risk assessment is a snapshot that might change rapidly.
Medication was self-reported since records might include
medication no longer in use, which could cause an over-
estimate of the risk of falls. With such a long follow-up,
there is risk of bias if the participants changed their beha-
viour due to the focus on falls, and thereby reduced the fall
rate.

Clinical implications

Asking for previous falls might be more useful than using
DFRI in order to capture fallers; but finding first-time fallers
is difficult. DFRI showed a fair ability to discriminate the
non-fallers, contrary to the question of previous falls. Since
falls are common and difficult to predict, a wide use of fall
prevention interventions is recommended as, there are
usually no negative consequences for interventions such as
home visits or improved technical aids.

Conclusion

Allocation to risk groups according to DFRI only captured
those who did not fall, while screening for previous falls
detects those who usually fall, and to a large extent will
continue to do so. Predicting future falls in persons who
have not fallen yet remains difficult.

Falls during the previous year showed better predictive
accuracy than DFRI due to the low sensitivity of DFRI. As
previous falls had low specificity, it still remains difficult to
predict falls in those who have not fallen yet.
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