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Interdisciplinary follow-up clinic for people with spinal cord
injury: a retrospective study of a carousel model
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STUDY DESIGN: Explorative retrospective cohort study.
OBJECTIVE: Secondary health conditions (SHCs) are common in people with spinal cord injury (SCI). To date, little is known about
the effectiveness of long-term follow-up care in preventing SHCs. The objective of this study was to explore the therapeutic content
of an interdisciplinary follow-up clinic by retrospective analyses of provided recommendations and collected data concerning SHCs.
SETTING: Rehabilitation center Sint Maartenskliniek, The Netherlands.
METHODS: All people with SCI, who visited one or more outpatient interdisciplinary follow-up clinics between January 2012 and
October 2020 were included in this study. Treatment information was retrieved from their medical records.
RESULTS: The 264 participants of the follow-up clinic received, after their first visit, an average of 3.9 recommendations regarding
SHCs. Most recommendations were preventive in nature (43%), and were related to physical SHCs (61%). Most recommendations
were followed by the participants (34% out of 40% that could be determined) and half of the underlying problems were solved
(31% out of 62%). The bodyweight and respiratory function remained stable over time.
CONCLUSION: Participants of the interdisciplinary follow-up clinics received extensive recommendations on a variety of subjects,
which most likely, reflects the interdisciplinary approach. Recommendations were followed-up to a large extent, resulting in solving
half of the underlying SHCs. This way, worse SHCs were prevented by the recommendations. This findings, together with the
stability of respiratory function and bodyweight, suggests the added value of the interdisciplinary follow-up clinic to usual care.
More prospective research is necessary to investigate the (cost-)effectiveness.
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INTRODUCTION
Persons with spinal cord injury (SCI) are prone to develop
secondary health conditions (SHCs), which cause an additional
burden and limitation in participation [1–3]. In a large Dutch study
focusing on health problems, on average eight different SCHs
were found for each person with SCI [2]. The most common
mentioned SHCs were problems with respect to; bladder
regulation (71%), bowel regulation (61%), spasms (57%), pain
(55%), oedema (49%), having or preventing pressure sores (36%),
increasing weight (32%), excessive sweating (28%), contractures
(23%), and problems with respiratory tract (19%) [2]. The SHCs are
not only a burden to the people with SCI, they also cause high
medical costs due to doctor visits or readmission to a hospital
[4, 5].
In most Western countries, people with a SCI will be admitted to

a specialized rehabilitation center shortly after their injury [6].
During inpatient rehabilitation, people with SCI are encouraged,
by all members of the rehabilitation team, to develop new
functional abilities and psychosocial coping skills. Further, they will
learn how to deal with long-term consequences such as learning
about self-management, health promotion and early intervention
to manage SHCs if they do occur [7]. Once people with SCI are
discharged from inpatient rehabilitation, in most countries, they

mainly rely on ongoing support from the primary and community-
care system for health-related questions [8]. For community-care
professionals it is, however, difficult to have all necessary
knowledge about SCI and the SHCs linked to SCI, as SCI is a
relative rare disease (40–80 cases/million/year) [6]. While specia-
list’s knowledge is required, the specialists of the SCI rehabilitation
center are no longer the first to respond to these health-related
questions [9].
To bridge the gap between the specialists in the rehabilitation

center and the community-care system there is, in some countries,
a structured outpatient follow-up care by one or more specialists
from the SCI rehabilitation center [10–12]. They vary in the
number of disciplines involved (between one and four) and the
way they are applied; home-based, where the professionals visit
the people with SCI at home; by telemedicine; or by visits of
people with SCI to the multidisciplinary team in the rehabilitation
center [10, 11]. Most of the literature about follow-up care is,
however, of older date.
Follow-up care for people with SCI in the Netherlands was,

before 2005, formally organized as an (bi-)annual appointment to
the physician, in one of the eight specialized SCI rehabilitation
centers [13, 14]. The guidelines of SCI rehabilitation, formulated by
the Dutch medical specialists association, recommended to plan a
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visit to the physician at least ones every 2 years [15]. Further, the
consideration was given to plan this visit contemporary with other
disciplines concerned with SCI care. While efforts in the last 15
years have focused on the organization of follow-up care in line
with the guidelines, the therapeutic content is rarely investigated:
not in the Netherlands nor in the rest of the world [11].
This study aims to explore the therapeutic content of an

outpatient interdisciplinary follow-up clinic, organized in a
carousel model, by retrospective analyses of the recommenda-
tions given to the participants and of collected data concerning
SHCs (bodyweight, respiratory functioning, and presence of
pressure sores or wounds).

METHODS
Design and setting
Explorative retrospective cohort study of all persons with SCI who visited
the interdisciplinary follow-up clinics of the Sint Maartenskliniek, Nijmegen,
the Netherlands. This study was reported in accordance with STROBE
guidelines [16].

Intervention
In the last 15 years the department of SCI of the Sint Maartenskliniek, one
of the eight specialized SCI rehabilitation centers in the Netherlands,
developed a carousel model for follow-up care in accordance with the
recommendation in the Dutch SCI rehabilitation guidelines [15]. This
interdisciplinary follow-up clinic is current practice. The main goal of the
interdisciplinary follow-up clinic is to help people with SCI to get old in a
healthy way, by giving recommendations to the participants (and the
community-care providers) how to prevent new SHCs or to control existing
SHCs in order to prevent more serious or irreversible problems. Considered
for participation in the interdisciplinary follow-up clinic were people with a
motor complete SCI, wheelchair users, or other complex physical
conditions. The interdisciplinary follow-up clinic consists of an (bi-)annual
appointment, depending on individual preference of the visitor and
necessity estimated by the team. For each interdisciplinary follow-up clinic
five people with SCI, and their informal caregivers, are invited into the
rehabilitation center. For every visitor five 30min meetings are planned
with respectively a physician, a specialized nurse, a physiotherapist, an
occupational therapist and with a social worker or psychologist in random
order. Hence, the “carousel” model. All five participants start at the same
time, are welcomed by a nurse of the team and receive the schedule for
the day. During the meetings with all five disciplines an assessment of
potential problems is made. Meanwhile, information is provided regarding
the hazards of potential SHCs and prevention strategies. The physicians
focus on medication, physical complaints and overall physical functioning.
The specialized nurse concentrates on bowel and bladder problems and
management, nutrition, possible skin problems, and self-care. The
physiotherapist measures respiratory function, and assesses functional
activities like transfers, mobility of the legs, and sports activities. The
occupational therapist focuses on the position in the wheelchair, devices
(like wheelchairs and home adjustments) and possible changes in
functionality of the upper limbs. The social worker or psychologist focuses
on possible problems with financial bodies, home care, transportation,
participation, work, and psychological adjustment to SCI. The nurse of the
team weighs all participants. After the first three meetings there is a 30min
break were all participants can have something to drink and socialize with
the other participants and team members. After a total of 3 h the
participants are sent home. The team members share their findings and
formulate their recommendations in a letter, which is sent to the general
practitioner. The recommendations are also discussed by phone with the
participants the week after their appointment.

Participants
For this study, cases were identified from the electronic patients files of the
Sint Maartenskliniek. All people with SCI, that visited one of the
interdisciplinary follow-up clinics in the period January 2012 to October
2020 were included in this study.

Procedure
All records of people with SCI who visited at least one of the
interdisciplinary follow-up clinics were identified. Next, information about

the treatment plan, as formulated in the letter to the general practitioner,
was retrieved from their medical records. Records were classified by two
members of the research team (TvD and ML’H) to reach consensus about
the division of the recommendations to different domains and categories.
Afterwards all records were classified by one person (ML’H) with a medical
background and randomly controlled by the other team member. Data
was processed anonymously. In case of multiple visits, every next visit the
letter to the general practitioner was carefully read to see if the
recommendations were followed by the participant, whether the under-
lying problem was resolved (as judged by the interdisciplinary team) and if
not, whether a new recommendation by the interdisciplinary team was
provided for the persisting SHC.

Measures
Participants demographics (sex, age, and weight), SCI characteristics (level
and completeness of injury, time since injury) and the presence of pressure
sores or wounds were retrieved from the letter to the general practitioner.
Some participants acquired the SCI many years ago, before standardized
measuring of level and completeness, resulting in a loss of some aspects of
the SCI in the medical records.
For participants with SCI level thoracic 6 or higher the respiratory

function was determined, during their meeting with the physiotherapist,
with a standardized spirometer a MicroPlus (from MicroDirect) or with a
Micro I (from CareFusion), while seated in their wheelchair. Three repeated
forced flow volume curves were made and the highest outcome of the
forced vital capacity (FVC), peak expiratory flow (PEF), and forced
expiratory volume in 1 s (FEV1), was used. FVC, PEF, and FEV1 were
expressed as a percentage of the predicted values based on able-bodied
persons of the same age, gender, height and ethnic background. Change
in percent-predicted FVC, PEF, and FEV1 were calculated between the
consecutively follow-up visits.
The interdisciplinary recommendations retrieved from the letter to the

general practitioner, were divided into seven categories of physical
problems: Pain, spasms, skin problems, bowel problems/management,
bladder problems/management, respiratory problems, and medical inter-
current (all other medical problems not covered by the previous); and six
categories of other problems: Splints, seating advice (position in wheel-
chair), functioning (transfers, standing, and arm functioning), devices,
social issues, and psychological problems.
Each recommendation was divided into one of the following four

categories: (1) preventive in nature that could be applied by the participant
at home, (2) the recommendation concerned further rehabilitation
treatment within the SCI department of the Sint Maartenskliniek, (3) the
recommendation concerned other treatment (e.g., in a hospital or a
recommendation or instruction that could be applied by a primary
healthcare professional), and (4) or was a (medication) prescription or
reimbursement healthcare insurance.

Statistical analyses
Descriptive statistics were performed for all collected variables. The
continuous data were presented as means with Standard Deviation (SD).
Categorical data were presented using counts and percentages. Change
scores were calculated for bodyweight and respiratory function between
the consecutive timepoints, and analyzed by paired samples t test, after
testing for normality. Difference in presence of pressure sores or wounds
was analysed with McNemar related-sample change test. P values lower
than 0.05 were considered statistically significant. All analyses were
conducted using SPSS for Windows (version 25) (IBM corp, Armonk, NY).

RESULTS
A total of 264 persons with SCI visited the interdisciplinary follow-
up clinics at least once during the inclusion period. The
characteristics of the participants at the time of their first visit
are described in Table 1.
Table 2 shows the total number of recommendations given as a

result of the first interdisciplinary follow-up clinic. For the 264
cases in this study a total of 1026 recommendations were given
with an average 3.9/participant (range; 0–11). Most recommenda-
tions were preventive in nature that could be applied at home
(42.5%) of which most were medical intercurrent (20.8%) followed
by recommendation with respect to bladder problems (13.4).
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In general, almost two-third of the recommendations were related
to physical SHCs (61.3%).
Table 3 shows the assessments collected during the consecutive

interdisciplinary follow-up clinics. The number of participants that
visited six, seven, and eight times the interdisciplinary follow-up
clinic during the inclusion period were respectively 14, seven and
one. Due to the small numbers these were not depicted in the
table.
The percentage of pressure sores and wounds present in various

parts of the body, varied between 15 and 24% of the population.

There was a normal distribution for weight except for the first
measurement, revealing two outliers. No significant changes were
observed regarding average weight (p > 0.05) indicating stable
weight over time, although there were large individual differences
(range of weight change: −21.5 to +16.2 kg). All measurements of
respiratory functions were normally distributed expect for FEV1 at
the fourth follow-up clinic, based on one outlier. No significant
changes were observed regarding FVC (p > 0.05) indicating stable
average FVC over time, while the average PEF appears to improve
at the fourth and fifth interdisciplinary follow-up clinic and the
average FEV1 showed an improvement at the fifth. None of these
finding changed after leaving out outliers from analyses.
The 208 participants that visited the second interdisciplinary

follow-up clinic received a total of 794 recommendations during
their first follow-up clinic. Of these recommendations, 34% were
followed-up by the participants, 7% were not, and from almost
60% it was unfortunately not registered if the recommendation
were carried out. Of the problems underlying the recommenda-
tions, 31% were solved, 30% were not solved and in 38% of the
cases it was not registered. Of the 786 recommendations given
during the second interdisciplinary follow-up clinic, 175 (22%) were
new recommendations given for the problems not being solved.
This pattern was similar in later interdisciplinary follow-up clinics.

DISCUSSION
The objective of this study was to explore the therapeutic content
of an interdisciplinary follow-up clinic addressing SHCs following
SCI, by retrospective analyses of the recommendations given to
the participants and of collected data concerning SHCs. The
participants of the interdisciplinary follow-up clinic received an
average of 3.9 recommendations. Most of these recommendations
(42.5%) were preventive in nature that could be applied at home.
Of these preventive recommendations, most were medical
intercurrent of origin, followed by recommendations with respect
to bladder problems/managements, devices and functioning.
Most recommendations were related to a physical SHCs. These
findings align with the goals of the interdisciplinary follow-up
clinic which is to give recommendations regarding how to prevent
new SHCs form occurring, or to control existing SHCs, in order to
prevent more serious or irreversible problems.
The distribution of the recommendations related to SHCs,

correspond largely to the most experienced health problems of

Table 1. Characteristics of the participants at their first visit of the
interdisciplinary follow-up clinic (N= 264).

Characteristics Participants

n (%)/mean (SD), range

Sex (female) 71 (26.9)

Age (years) 51.1 (14.3), 20–85

Time since injury (years) 16.1 (13.6), 1–61

Cause SCI

Traumatic 201 (76.1)

Vascular 20 (7.6)

Infection 17 (6.4)

Oncology 10 (3.8)

Other non-traumatic 10 (3.8)

Other/unknown 6 (2.3)

Height of SCI

Cervical 108 (40.9)

Thoracic 137 (51.9)

Lumbar 19 (7.2)

Completeness of SCI

AIS A 167 (63.3)

AIS B 27 (10.2)

AIS C 35 (13.3)

AIS D 21 (8.0)

Unknown/missing 14 (5.3)

Table 2. Results of the recommendations given after the first interdisciplinary follow-up clinic between 2012 and 2020, for each domain and divided
in different categories.

Recommendations Preventive to be applied
at home

Treatment intern Treatment extern (Medication) prescription or
reimbursement

Total %

Pain 30 19 11 9 69 6.7

Spasm 14 11 0 6 31 3.0

Skin problems 33 8 5 5 51 5.0

Bowel problems 37 11 3 20 71 6.9

Bladder problems 52 10 68 7 137 13.4

Lung problems 41 5 9 1 56 5.5

Medical intercurrent 96 36 63 18 213 20.8

Splints 0 14 3 8 25 2.4

Seating advice 18 40 0 0 58 5.7

Functioning 69 47 13 3 132 12.9

Devices 31 45 45 13 134 13.1

Social 10 13 6 0 29 2.8

Psychological 5 6 9 0 20 2.0

Total 436 265 235 90 1026

% 42.5 25.8 22.9 8.8
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community dwelling people with SCI in the Netherlands; this is
bladder regulation, bowel regulation, pain, and spasms [2]. An
explanation that the recommendations and the previous found
health problems do not fit exactly could be found in the purpose
of the interdisciplinary follow-up clinic, which was to prevent SHCs
and not to solve all SHCs. Some of these SHCs may be present for
longer time, without the possibility of new treatment or
preventive options to control the SHC. The interdisciplinary
follow-up clinic is an addition to community care, which people
with SCI primarily visit in case of SHC. The average number and
diversity of the recommendations suggest and point towards an
added value of the interdisciplinary nature of the clinic and the
specific knowledge of the professionals.
As part of the interdisciplinary follow-up clinic most people

were weighed, and respiratory functions were measured if
participants had a lesion above thoracic 6. The average body-
weight remained stable, although there were large individual
differences. This is in contrast with literature, describing increased
body weight over time [2, 3, 17, 18]. Also the respiratory function
was stable or even improving over time for the participants who
frequently visited the interdisciplinary follow-up clinic. There
might be a bias in these findings as not all participants visited the
interdisciplinary follow-up clinic more than once. The finding of a
stable respiratory function is in contrast with former studies of
people with SCI in the chronic phase, where a decline of
respiratory functioning was shown over an average of 7.5 years
[19]. In that study was concluded that one of the significant
determinants of the longitudinal decline was an increase in
bodyweight, beside smoking and wheezing [19]. The participants
in this study had, on average, a stable bodyweight, further they
were given recommendations regarding adequate respiratory
management, including respiratory muscle training. These find-
ings point towards the preventive value of the interdisciplinary
follow-up clinic as described in this paper.
The idea for multidisciplinary follow-up care for people with SCI

is not new, and is applied in different ways in different parts of the
world [10, 11], also in other diagnostic groups [20–22]. A
structured way of organizing the follow-up care, especially in an
interdisciplinary approach, has the advantage of covering most
important areas of SHCs and combining the available expertise.
For the participants of the follow-up clinic described in this paper,
an extra dimension was the possibility they had to socialize with

the other participants and team members during the break,
sharing information and experiences.
However, from this retrospective study we do not know if there

were more or other recommendations given as a result of the
interdisciplinary follow-up clinic compared to other forms of
follow-up care (for instance only visiting a physician). It seems,
however, plausible that it is not possible for one discipline as for
the primary care to cover the full pallet of recommendations,
apparently needed to cover the wide variation in SHCs following
SCI. This is closely related to the aspect is the cost-effectiveness of
the interdisciplinary follow-up clinic. Former research has inves-
tigated the direct healthcare costs of people with SCI; on average
$21450,- per patient per year [23]. From the current study it seems
plausible that the interdisciplinary follow-up clinic prevents
weight gain and decline in respiratory function. Further, at least
31% (out of 61% that could be determined) of the underlying
problems were solved with the recommendations from the
interdisciplinary team, presumably preventing SHCs. A cost-
effectiveness study, using a comparative effectiveness design,
could study the intervention as reflected in this study in
comparison to a care-as-usual (only primary care) cohort [24].
We aim to continuously improve the interdisciplinary outpatient

follow-up care, to better meet the healthcare needs and solving
the SHC of persons with SCI. To be sure to cover all possible SHCs,
a screening with a questionnaire could be introduced. The
expectation is that, by such screening methods, participants will
be better prepared, the risk of missing information (e.g.,
medication) will be minimalized and will result in better tailored
recommendations. Moreover, we observed in this study a lot of
missing information regarding if recommendations were followed
by the participants, whether the underlying problem was solved
or if there was given a new recommendation for the same
underlying problem, in the letters to the general practitioner. A
standardized letter to the general practitioner could help to
minimize the missing information. All these suggestions could
contribute to a better monitoring, prevention and possibly solving
SHCs following SCI, which is the goal of this interdisciplinary
follow-up care model.

Limitations
In the current study only people that showed up were taken into
account. These participants might be different form the people
with SCI that do not show up or declined to visit the

Table 3. Overview of the assessment from the first till the fifth visit to the interdisciplinary follow-up clinic with respect to weight, pressure sores,
and respiratory functions and the change scores.

Follow-up clinic (FuC) First Second Third Fourth Fifth

Total participants 264 208 153 103 54

Months between follow-up 21.79 (11.6) 23.56 (11.4) 20.92 (10.4) 17.19 (6.7)

Total recommendations (average/participant) 1026 (3.9) 786 (3.8) 593 (3.9) 384 (3.7) 200 (3.7)

Pressure sores or wounds present (%) N 49 (19.3)
N= 254

29 (14.5)
N= 200

33 (22.1)*
N= 149

24 (24.2)
N= 99

10 (19.2)
N= 52

Change from
FuC 1st

Change from
FuC 2nd

Change from
FuC 3rd

Change from
FuC 4th

Weight, kg (SD), N 79.32 (16.2)
N= 212

0.39 (5.1)
N= 150

−0.89 (5.9)
N= 106

−1.22 (6.2)
N= 54

1.15 (4.5)
N= 28

FVC, % of predicted value (SD), N 66.26 (20.3)
N= 153

−0.15 (8.0)
N= 100

−1.73 (18.4)
N= 82

1.15 (10.2)
N= 62

−0.33 (16.3)
N= 35

PEF, % of predicted value (SD), N 60.91 (21.7)
N= 153

−0.24 (11.9)
N= 100

0.76 (12.0)
N= 80

5.03 (12.3)**
N= 64

4.50 (10.1)*
N= 36

FEV1, % of predicted value (SD), N 67.40 (21.0)
N= 130

1.45 (8.8)
N= 78

−0.62 (12.0)
N= 78

1.65 (7.1)
N= 63

3.64 (10.7)*
N= 36

FuC Follow-up clinic, kg kilograms, FVC forced vital capacity, PEF peak expiratory flow, FEV1 forced expiratory volume in 1 s.
*P= < 0.05; **P= < 0.01 according to the paired samples t test.
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interdisciplinary follow-up clinic. To this respect, it would be
interesting to investigate if people with SCI that are readmitted to
the rehabilitation center for treatment of pressure sores were
visiting the interdisciplinary follow-up clinics on a regular base.
Further, in the letters to the general practitioner the information

if recommendations were followed or the underlying problem was
solved or if there was given a new recommendation for the same
underlying problem, was mostly missing, and might have biased
the results.

CONCLUSION
A follow-up care program organized in an interdisciplinary
carousel additional to community care, brings forth an extensive
number of recommendations. The high number and diversity of
the recommendations, reflect the complexity of SHCs in people
with SCI which is in need of specialist knowledge and preferably
provided in an interdisciplinary manner. This explorative study
suggests that an interdisciplinary follow-up care model as
presented in this study adds to primary care. As far as could be
determined these recommendations were followed relatively well
by the participants, resulting in solving underlying problems and
preventing worse such as an increase in bodyweight or decrease
in respiratory functioning. Altogether, these findings suggests the
added value of the interdisciplinary follow-up clinic in preventing
SHCs, justifying a more widely use of life long follow-up care for
people with SCI. More research is necessary to investigate the
impact and cost-effectiveness of the interdisciplinary follow-up
clinic.
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