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Summary
AIMS OF THE STUDY: Examinations and assessments
can be used to ensure good quality rehabilitation. Within
the framework of a quality improvement project, the aims
of the current analysis were: first, to analyse the time
points of selected examinations and assessments in the
rehabilitation process of patients with a newly acquired
spinal cord injury. Second, to identify differences between
the subgroups with different aetiologies, levels and completeness of spinal cord injuries. And third, to compare the
examinations and assessments performed with the guideline recommendations and to use discrepancies as a starting point for a quality improvement project.
METHODS: In this retrospective chart analysis, adult patients with a newly acquired spinal cord injury who were
admitted to a single specialised acute care and rehabilitation clinic for their first rehabilitation between December
2013 and December 2014 were included and assessed
until discharge. The main objective was to assess the time
to examinations or assessments after injury or hospital
admission in comparison to the respective recommendations. Analyses were done using time-to-event analysis
and represented graphically using Kaplan-Meier plots.
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RESULTS: Of the 105 patients included in this study (median age 58 years, 29% female), 61% had a traumatic and
39% a non-traumatic spinal cord injury; 39% were paraplegic and 61% were quadriplegic; and 59% had a motor
complete and 41% a sensor-motor incomplete spinal cord
injury. The percentage of patients for whom the respective
assessment or examination was performed and the percentage of these patients for whom it performed within the
recommended time were: 90% and 71% for magnetic resonance imaging; 85% and 90% for computed tomography;
87% and 79% for the manual muscle test; 95% and 59%
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for the International Standards for Neurological Classification of Spinal Cord (ISNCSCI); 84% and 50% for electrophysiological assessment; 73% and 90% for urodynamic
testing; and 49% and 53% for lung function testing.
CONCLUSIONS: Our data suggest a relevant gap between recommendations and clinical routine for time to
some assessments after spinal cord injury. Within the
framework of a quality improvement project, the next steps
should be to build a national and international consensus
on specific time frames for examinations and assessments
in patients with a newly acquired spinal cord injury and
thereafter, to develop an institutional implementation strategy.
Keywords: health care quality, EMSCI, SwiSCI, ISNCSCI, time to assessment

Introduction
Quality management in rehabilitation is defined in the Rehab Cycle® and consists of treatment processes, patient
health outcomes, the structural quality of the rehabilitation
institution and principles of continuous improvement in
all these areas [1, 2]. In the rehabilitation process, the
impaired functioning due to a patient’s injury or disease
is described within the biopsychosocial model of the International Classification of Functioning, Disability and
Health (ICF) [3]. Based on the impaired functioning, specific health interventions (e.g., self-care training and mobility training) are selected, and these guide goal setting
which respects the patient’s individual preferences [4, 5].
Examinations (e.g., urodynamic testing, magnetic resonance imaging (MRI)) and assessments (e.g., SCIM-III,
ISNCSCI) are used to describe the patient’s lesion and
functioning and to inform the patient’s expected outcome,
i.e. neurological recovery and the resulting improvement
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in functioning [5]. The expected outcomes in relation to
the patient’s diagnosis are disease specific, comparable and
clearly defined [6, 7]. Ultimately, these data describing the
expected outcome can be used to improve the quality of the
health intervention through the evaluation of examinations,
assessments, intervention planning and patient outcomes.
A spinal cord injury exemplifies a complex condition with
impaired functioning in various areas of the biopsychosocial model [8]. The initial acute care requires knowledge
from the fields of traumatology, neurology, urology and
pneumology. Different examinations and assessments are
used to initiate treatment processes and prevent complications during both acute care and rehabilitation [9]. Importantly, the recovery of functions is only party predictable,
so a highly flexible rehabilitation process is required [10,
11]. The complexity of the rehabilitation process in patients with a spinal cord injury means that clear recommendations on when to perform examinations and assessments
are needed. Within the framework of a quality improvement project, international initiatives agreed, as a first step,
to reach a consensus based on common data sets describing
the relevant areas of impairment [12]. In addition, national
and international cohort studies were initiated to increase
the understanding of health conditions and to develop better outcome prediction models (e.g., Swiss Spinal Cord Injury Cohort Study [SwiSCI], European Multicenter Study
about Spinal Cord Injury [EMSCI]) [13–15]. Recently, assessments such as lung function testing to detect subclinical impairment have been added to reduce complications
and to increase patients’ quality of life [16–18]. As a first
step in this quality improvement project, a situational
analysis of routinely applied assessments during first rehabilitation of patients with a newly acquired spinal cord
injury was performed [19]. This study by Lampart et al.
indicated that some recommended examinations and assessments were performed in accordance with the guidelines (e.g., the Spinal Cord Independence Measure III
[SCIM III]), whereas others (e.g., ISNCSCI) were not performed as recommended [19]. In preparing to implement
the institutional standards, it became evident that as well
as the choice of examinations and assessments, the time
frames of their performance should also be included. This
led to the research question of which examinations and
assessments are performed within the recommended time
frame and the need to identify subgroups where examinations and assessments are not performed as recommended.
The main aim of the current study was therefore to identify
the time to clinical assessments in an acute and rehabilitation clinic and to compare the results with the time frames
recommended for patients after a newly acquired spinal
cord injury in guidelines. Secondary objectives were to
analyse subgroups (e.g., paraplegic versus quadriplegic patients) and to evaluate reasons why the assessments were
not performed within the recommended time frames. Ultimately, this line of research will provide criteria for concrete guideline recommendations and data to initiate a tailored quality improvement project.
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Materials and methods
Study design
This is a retrospective chart analysis performed within the
framework of a quality improvement project for patients
with a newly acquired spinal cord injury [19]. The main
objective of this study was to investigate the time to selected examinations and assessments in these patients.
Participants
Patients over 18 years of age with a newly acquired spinal
cord injury who were admitted for their first rehabilitation
to a single specialised acute care and rehabilitation spinal
cord injury clinic in Switzerland between December 2013
and December 2014 were eligible and were followed until
their discharge in 2015. Patients with a neuroinflammatory
disease (e.g., Guillain-Barre syndrome, critical illness
polyneuropathy) were excluded, unlike in the earlier publication [19], as these syndromes are considered spinal cord
injury-similar diseases and therefore the analysed recommendations and guidelines do not apply to this patient population.
The Ethics Committee of Northwest and Central Switzerland approved this study (EKNZ UBE-15/109). We conducted the study according to the ICH-GCP guidelines
and all national legal regulatory requirements, and excluded patients who denied their consent to the retrospective
analysis of their data. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines [20].
Data collection
Data were reversibly pseudonymised and stored locally in
a database of the hospital’s clinical trial unit.
Patient data
The following patient characteristics were obtained from
medical records [21]: age on admission, sex, aetiology of
spinal cord injury (i.e., traumatic versus non-traumatic),
level of spinal cord injury (i.e., paraplegic versus quadriplegic), completeness of spinal cord injury (i.e., motor
complete versus sensor-motor incomplete according to ISNCSCI), time to hospital admission after spinal cord injury, length of hospital stay, and date of examination and
assessment. Data were retrieved from four electronic databases used in clinical routine: Medfolio (Nexus, Switzerland), a database for medical information; WicareDoc
(Wigasoft, Switzerland), a documentation database used
by nurses and therapists; PACS, (Phönix-PACS GmbH,
Germany), a radiological data storing system; and Patient
Management Cockpit (SPARE GmbH, Switzerland), a system linking the above databases.
Assessments
The following examinations and assessments were identified as being performed insufficiently often [19] within
the time frame recommended by the EMSCI [22] or by the
clinic’s internal recommendation list [14]: magnetic resonance imaging (MRI) and computed tomography (CT) of
the spine during initial treatment (trauma protocol), recommended within eight days after newly acquired spinal cord
injury [23]; manual muscle test of the lower extremity, recommended within 28 days after newly acquired spinal cord
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injury [24]; International Standards For Neurological Classification of Spinal Cord Injury (ISNCSCI), recommended either within eight days after admission to a specialised
acute and rehabilitation clinic or within 40 days after newly acquired spinal cord injury [25–27]; electrophysiological evaluation of the lower extremity, recommended within
40 days after newly acquired spinal cord injury [28]; urodynamic testing, recommended within 84 days after newly
acquired spinal cord injury [18]; and lung function testing,
recommended within 40 days after newly acquired spinal
cord injury [29].

tients had a motor complete (ISNCSCI A and B) and 41% a
sensor-motor incomplete (ISNCSCI C and D) lesion (table
1). Compared to patients with a non-traumatic spinal cord
injury, patients with a traumatic spinal cord injury were
significantly younger, more often quadriplegic, more often
had a motor complete lesion and had a longer hospital stay
(table 2). Quadriplegic patients more often had a traumatic
spinal cord injury and were admitted to a specialised rehabilitation clinic earlier (supplementary table S1 in appendix 1).

Statistical analysis
Discrete variables are expressed as frequencies (percentage
and number of participants, n) and continuous variables as
means with standard deviation or medians with interquartile range (IQR 25th–75th percentiles), according to the data distribution. A time-to-event analysis was carried out
to assess the median time, with 95% confidence interval
(95% CI), to examination/assessment after injury and/or
hospital admission.

Clinical examination or assessment schedule
An overview of the clinical examinations and assessments
schedule for all patients is displayed in table 3.

Graphical analysis was done by creating Kaplan-Meier
plots. The recommended time of each examination/assessment was shown with grey shading. Visual and statistical
subgroup analyses were performed for aetiology of spinal
cord injury (i.e., traumatic versus non-traumatic), level of
spinal cord injury (i.e., paraplegic versus quadriplegic) and
completeness of spinal cord injury (i.e., motor complete
versus sensor-motor incomplete according to ISNCSCI).
Two-group comparison of continuous data was performed
using an unpaired two-sample t-test or a Wilcoxon rank
sum test according to the data distribution. Two-group
comparison of categorical data was performed using the
chi-square test. A two-sided p-value <0.05 was considered
to indicate statistical significance. Analyses were performed using R statistical software [30].

Results
Baseline characteristics
A total of 105 patients with a median age of 58 years (IQR
33; 70), 30 (29%) of whom were female, were included
in this study. 61% of patients had a traumatic and 39%
a non-traumatic spinal cord injury; 39% of patients were
paraplegic and 61% were quadriplegic; and 59% of pa-

Magnetic resonance imaging and computed tomography
of the spine
Ninety percent of all included patients had an MRI scan
during their acute care and first rehabilitation, and 71% of
these patients had the examination within the recommended time of eight days after spinal cord injury (fig. 1). Patients with a non-traumatic spinal cord injury received an
MRI of the spine within a shorter time frame and more frequently compared to patients with a traumatic spinal cord
injury (p = 0.0015; fig. 1). Quadriplegic patients tended to
receive an MRI within a shorter time frame and more frequently compared to paraplegic patients (p = 0.09). There
was no significant difference between the subgroups of
completeness of spinal cord injury (p = 0.9).
Eighty-five percent of all included patients had a CT scan
of the spine during their acute care and first rehabilitation,
and 90% of these patients had the examination within the
recommended time of eight days after spinal cord injury
(fig. 2). Patients with a traumatic spinal cord injury received a CT scan of the spine within a shorter time frame
and more frequently compared to patients with a non-traumatic spinal cord injury (p <0.001: fig. 2). Quadriplegic
patients had CT within a shorter time frame and more frequently compared to paraplegic patients (p = 0.03). There
was no significant difference between the subgroups of
completeness of spinal cord injury (p = 0.16).

Table 1: Baseline characteristics.
Characteristic
Age (years), median (IQR)

Total (n = 105)
58 (33; 70)

Sex (female), n (%)

30 (29)

Paraplegia, n (%)

41 (39)

Quadriplegia, n (%)

64 (61)

Traumatic SCI, n (%)

64 (61)

Non-traumatic SCI, n (%)

41 (39)

Completeness of SCI, n (%)
ISNCSCI A

36 (34)

ISNCSCI B

26 (25)

ISNCSCI C

21 (20)

ISNCSCI D
Time to hospital admission after SCI (days), median (IQR)
Length of hospital stay (days), median (IQR)

22 (21)
13 (5; 24)
179 (111; 244)

IQR = interquartile range; ISNCSCI = International Standards for Neurological Classification of Spinal Cord Injury; SCI = Spinal cord injury ISNCSCI A refers to sensor-motor
complete SCI, ISNCSCI B refers to motor complete and sensor incomplete SCI, ISNCSCI C and D refer to sensor-motor incomplete SCI.
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Figure 1: Magnetic resonance imaging after spinal cord injury
(SCI) for patients with a traumatic versus a non-traumatic SCI.The
grey shaded area represents the recommended time when the assessment should be performed. The black line represents all patients, the coloured lines the respective subgroups.

Figure 2: Computed tomography of the spine after spinal cord injury (SCI) for patients with a traumatic versus a non-traumatic
SCI.The grey shaded area represents the recommended time
when the assessment should be performed. The black line represents all patients, the coloured lines the respective subgroups.

Table 2: Baseline characteristics – traumatic versus non-traumatic spinal cord injury.
Characteristic
Age (years), median (IQR)

Traumatic SCI
(n = 64)

Non-traumatic SCI (n = 41)

p-value*
0.001

50 (30; 66)

65 (51; 75)

Sex (female), n (%)

14 (22)

16 (40)

0.09

Paraplegia, n (%)

18 (28)

23 (56)

0.008

Quadriplegia, n (%)

46 (72)

18 (44)

0.008

ISNCSCI A

31 (49)

5 (12)

ISNCSCI B

13 (20)

13 (32)

ISNCSCI C

11 (17)

10 (24)

ISNCSCI D

9 (14)

13 (32)

10 (4; 23)

16 (9; 31)

0.06

191 (148; 263)

147 (96; 185)

0.009

Completeness of SCI, n (%)

0.002

Time to hospital admission after SCI (days), median (IQR)
Length of hospital stay (days), median (IQR)

IQR = interquartile range; ISNCSCI = International Standards for Neurological Classification of Spinal Cord Injury; SCI = spinal cord injury. ISNCSCI A refers to sensor-motor
complete SCI, ISNCSCI B refers to motor complete and sensor incomplete SCI, ISNCSCI C and D refer to sensor-motor incomplete SCI. * Two-group comparison of continuous
data using the non-parametric Wilcoxon rank sum test and of categorical data using the chi-square test. Statistically significant results are highlighted in bold.
Table 3: Time to examination and assessment after hospital admission and spinal cord injury.
Examination or
assessment*

Number of assessments performed†

Time to assessment after SCI
(days)

Recommended time
to assessment after
SCI (days)

Assessments performed in recommended time after
SCI†

Time to assessment after hospital admission
(days)

Recommended time
to assessment after
hospital admission
(days)

Assessments performed in recommended time after
hospital admission‡

n (%)

Median (95% CI)

MRI of the spine
[22]

94 (90)

1 (1; 5)

Range

n (%)

Median (95% CI)

Range

n (%)

0-8

67 (71)

NR

NR

NR

CT of the spine [22]

89 (85)

Manual muscle test
of the lower extremity [23]

91 (87)

1 (0; 1)

0-8

80 (90)

NR

NR

NR

NR

NR

NR

5 (4; 8)

0-14

72 (79)

ISNCSCI [24–26]
Electro-physiological evaluation of the
lower extremity [27]

100 (95)

37 (31; 43)

0-40

59 (59)

20 (16; 24)

0-8

28 (28)

88 (84)

43 (38; 48)

0-40

44 (50)

NR

NR

NR

Urodynamic testing
[17]

81 (73)

67 (59; 73)

0-84

73 (90)

NR

NR

NR

Lung function testing [28]

51 (49)

117 (57; inf)

0-40

27 (53)

NR

NR

NR

SCI = spinal cord injury; CI = confidence interval; IQR = interquartile range; ISNCSCI = International Standards for Neurological Classification of Spinal Cord Injury; NR = no
recommendation; MRI = magnetic resonance imaging; CT = computed tomography * Numbers in brackets indicate the respective references for the recommended time frame.
† Number of patients in which the examination or assessment was performed as a percentage of all patients. ‡ Number of patients in which the examination or assessment was
performed within the recommended time frame as a percentage of patients for whom the assessment was performed.
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Manual muscle test of the lower extremity
Eighty-seven percent of all included patients had a manual
muscle test during their first rehabilitation, and 79% of
these patients had the assessment within the recommended
time of 14 days after admission to the specialised acute
care and rehabilitation clinic (fig. 3A and B). There were
no statistically significant differences between the subgroups of aetiology of spinal cord injury (p = 0.07; fig.
3A), level of spinal cord injury (p = 0.9) or completeness
of spinal cord injury (p = 0.11).
International Standards for Neurological Classification
of Spinal Cord Injury
Ninety-five percent of all included patients had an ISNCSCI during their first rehabilitation; 28% of these patients
had the assessment within the recommended time of eight
days after admission to the specialised acute care and rehabilitation clinic and 59% of them had the assessment
within the recommended time of 40 days after spinal cord
injury. There were no statistically significant differences
between the subgroups of aetiology of spinal cord injury
(p = 0.44; fig. 4A and B) or completeness of spinal cord
Figure 3: Manual muscle status after hospital admission for patients with a traumatic versus a non-traumatic spinal cord injury
(SCI) (A, above), and motor complete versus sensor-motor incomplete SCI (B, below).The grey shaded area represents the recommended time when the assessment should be performed. The
black line represents all patients, the coloured lines the respective
subgroups.
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injury (p = 0.11; fig. 3b). Paraplegic patients received the
ISNCSCI earlier and more often than quadriplegic patients
(p = 0.003).
Electrophysiological evaluation of the lower extremity
Eighty-four percent of all included patients had an electrophysiological evaluation of the lower extremity during
their first rehabilitation, and 50% of these patients had the
examination within the recommended time of 40 days after spinal cord injury. There were no statistically significant differences between the subgroups of aetiology (p =
0.4; supplementary fig. S1 in appendix 1), level of spinal
cord injury (p = 0.11) or completeness of spinal cord injury
(p = 0.83).
Urodynamic testing
Seventy-three percent of all patients had urodynamic testing during their first rehabilitation and 90% of these patients had the examination within the recommended time
of 84 days after spinal cord injury. There were no statistically significant differences between the subgroups of aetiology of spinal cord injury (p = 0.88; fig. S2) or comFigure 4: ISNCSCI after spinal cord injury (SCI) (A, above) and after hospital admission (B, below) for patients with a traumatic versus a non-traumatic SCI. ISNCSCI = International Standards for
Neurological Classification of Spinal Cord InjuryThe grey shaded
area represents the recommended time when the assessment
should be performed. The black line represents all patients, the
coloured lines the respective subgroups.
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pleteness of spinal cord injury (p = 0.5). Patients with a
paraplegic spinal cord injury received urodynamic testing
earlier and more often than patients with a quadriplegic
spinal cord injury (p = 0.004).
Lung function testing
Forty-nine percent of all patients had lung function testing
during their first rehabilitation, and 53% of these patients
had the examination within the recommended time of 40
days after spinal cord injury. There were no statistically
significant differences between the subgroups for aetiology
of spinal cord injury (p = 0.8), level of spinal cord injury
(p = 0.1; fig. S3) or completeness of spinal cord injury (p =
0.6).

Discussion
The three main findings of this study are: first, some spinal
cord injury-specific examinations, such as CT for traumatic spinal cord injury and MRI for non-traumatic spinal cord
injury, and some assessments, such as manual muscle status or urodynamic testing, are conducted within the proposed time frame in nearly all patients. Second, other assessments specific to therapeutic planning, such as the
ISNCSCI or the electrophysiological evaluation of the
lower extremity, are conducted in a large number of patients, but often later than recommended. Third, some
spinal cord injury-specific assessments, such as lung function testing, are performed less often, and if they are conducted it is often later than recommended.
Our data show that MRI and CT of the spine, as well as the
manual muscle test, were performed within a reasonable
time frame in nearly all patients. A possible reason for that
is a high awareness of the importance of these examinations and assessments for the planning of treatment. While
the results of the MRI and CT are used to decide between
surgical or conservative treatment, the manual muscle test
is used to guide individual physiotherapy [17].
The ISNCSCI and electrophysiological evaluation of the
lower extremity were performed in nearly all patients, but
often later than recommended. The ISNCSCI is only one
of many assessments that form part of the rehabilitation
process overseen by the ward physicians, and the neurologist is responsible for the electrophysiological evaluation
of the lower extremity. Both assessments are used initially to predict recovery and for goal setting, but they do
not have immediate therapeutic consequences [28]. Young
physicians especially could be overwhelmed by the large
number of assessments to be considered when rehabilitating patients with an acute spinal cord injury. Guidelines explaining the benefits of these assessments to both the treating physician and the patient could help to raise awareness
of these assessments. Additionally, the ISNCSCI is not part
of the medical students’ curriculum, and is a complex tool
that requires adequate training programs [31, 32]. Including thorough information about the importance of this assessment may remind young physicians of the importance
of this assessment.
Urodynamic testing and lung function testing are complex,
spinal cord injury-specific examinations that require specialised physicians. Recent data have highlighted the importance of both assessments, especially for predicting recovery, improving subclinical dysfunctions, preventing
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complications and improving quality of life [33–35]. Complications such as urinary tract infection, hydronephrosis,
renal failure, pneumonia, sleep-disordered breathing and
dyspnoea are associated with a reduced quality of life and
increased morbidity and mortality [33, 34, 36, 37]. While
urodynamic testing is performed largely in accordance
with the guidelines, lung function testing, especially in
paraplegic patients, is neglected. One explanation for this
difference might be that only recent data have highlighted
the consequences of subclinical lung function impairment
(36, 37). Furthermore, patients with a paraplegic spinal
cord injury tend to receive even less lung function testing.
A relation with the underlying diagnosis and a lack of
awareness of lung complications could explain this difference. The small sample size is likely the reason why the
divergent lines in the graph are not statistically significant.
The results of this analysis indicate that the majority of
examinations and assessments used for treatment planning
are performed in accordance with existing guidelines.
Complex examinations and assessments which are not directly linked to immediate treatment planning seem to require better control systems and clear implementation
strategies. One way to improve guideline adherence could
be to define clear guidelines on when to perform examinations and assessments based on clinical data. Additionally, raising awareness of the importance of the examinations/assessments with regards to treatment planning and
preventing complications could improve the guideline adherence of physicians. As a next step, we propose building
a national and international consensus on the appropriate
timing of examinations and assessments, as well as studies comparing assessment schedules between different centres. Furthermore, control systems should be established to
optimise patient care.
Some limitations of our study must be mentioned. First,
this is a secondary analysis of a retrospective chart analysis
of adult patients with newly acquired spinal cord injury admitted to a single specialised spinal cord injury clinic for
their first rehabilitation. As this is a rather specific cohort,
and as the data were collected several years ago, the generalisability of the results is limited. However, this situational analysis demonstrates important principles that can
be used as a foundation for prospective, multicentre studies to compare health-related outcomes and improve the
quality of healthcare. Additionally, since until recently no
quality improvement project was implemented in this setting, additional data collection after 2015 would most likely not change our results. Second, we have no information
about the specific reasons for not conducting assessments
and can only speculate that comorbidities or lack of consent from the patient might have been the reason. This is
an important part of the process of guideline development
and should be addressed in a further study. Third, we only looked at selected assessments. However, these were the
most relevant ones with which to examine times to assessments in patients with newly acquired spinal cord injury.
To build a more complete picture of the complex process
of evaluating outcomes further assessments, namely mental health assessments, could be included in future studies.
Lastly, there are currently no outcomes specified which assess whether the regularly performed assessments improve
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the quality of the rehabilitation process. This is of high importance for the future development of clinical guidelines.
The main strength of this study is its investigation of the
time to clinical assessments in patients with a newly acquired spinal cord injury in a consecutive sample. This
study might be important for re-defining guidelines and ultimately improving quality management.
In conclusion, to improve the quality of healthcare in patients with a newly acquired spinal cord injury, guidelines
should include data from clinical practice. Our data suggest
a relevant gap between recommendations and clinical routine regarding the time to some examinations/assessments
after spinal cord injury. Raising awareness of the clinical
relevance of these assessments might be a beneficial starting point. Within the framework of a quality improvement
project, the next steps should be to build a consensus on
a national and international standard for examinations and
assessments after newly acquired spinal cord injury and to
develop an implementation strategy based on institutional
situation analysis.
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Appendix 1

Supplementary data

Figure S2: Urodynamic assessment after spinal cord injury
(SCI) for patients with a traumatic versus non-traumatic
SCI.

Table S1: Baseline characteristics – paraplegic versus
quadriplegic spinal cord injury.

Figure S3: Lung function after spinal cord injury (SCI) for
patients with a paraplegic versus quadriplegic SCI.

Figure S1: Electrophysiology of the lower extremity after
spinal cord injury (SCI) for patients with a traumatic versus non-traumatic SCI.

The appendix is available as a separate file at
https://smw.ch/article/doi/smw.2020.20291.
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