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AGE AT ONSET OF SPINAL CORD INJURY IS ASSOCIATED WITH INCREASED 
INPATIENT CARE NEEDS, REDUCED INDEPENDENCE AT DISCHARGE AND 
A HIGHER RISK OF INSTITUTIONALIZATION AFTER PRIMARY INPATIENT 
REHABILITATION
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Objective: To investigate the influence of age at 
onset of spinal cord injury on length of stay, inpa-
tient therapy and nursing hours, independence at 
discharge and risk of institutionalization. 
Design: Retrospective cohort study.
Participants: A total of 250 patients with a newly 
acquired traumatic or non-traumatic spinal cord 
injury undergoing primary inpatient rehabilitation 
in a Swiss spinal cord injury specialized clinic bet-
ween 2017 and 2019.
Methods: Multiple regression analysis was used to 
determine if age, in addition to clinical characteristics 
(co-morbidities, secondary complications and spinal 
cord injury severity), affects inpatient rehabilita-
tion parameters (length of stay, daily nursing hours 
and daily therapy hours), independence at discharge 
(Spinal Cord Independence Measure III) and place of 
discharge (private residence vs institution). 
Results: Chronological age correlated with the number 
of co-morbidities and secondary complications. Older 
age was associated with increased daily nursing care 
and reduced independence at discharge. However, 
both were also influenced by co-morbidities, secon-
dary complications and severity of spinal cord injury. 
Length of stay and daily therapy hours were age-inde-
pendent. Odds for institutionalization after discharge 
increased significantly, by 1.03-fold per year of age. 
Conclusion: Age at onset of spinal cord injury  
predicted inpatient nursing care, independence at 
discharge and the risk of institutionalization after 
primary inpatient rehabilitation. Co-morbidities, 
secondary complications and severity of spinal cord 
injury were also important influencing factors.

Despite being a low-prevalence condition, the 
complexity of spinal cord injury (SCI) challenges 

health systems worldwide (1). Only a handful of high-
income countries are able to provide national statistics, 
hence there are limited data on the global burden of SCI 
and on rehabilitation outcomes thereafter (1). However, 
the demographic characteristics of the SCI population 
have changed continuously over recent decades (2, 3).  
Although young men still show the highest incidence of 
SCI (1), the mean age of people with a newly acquired 
SCI is increasing (3). There has also been a shift in 
aetiology from traumatic towards more non-traumatic 
causes, as observed particularly at older ages (1, 4). 
Moreover, the life expectancy of people with SCI and 
the proportion of women in the SCI population are incre-
asing (1). Finally, incomplete tetraplegia has become a 
more frequent SCI diagnosis worldwide (3, 5, 6). 

Rehabilitation services, on the other hand, are often 
targeted at people of working age (7), and older 
patients are considered to have reduced rehabilitation 
potential (7, 8). This, consequently, impedes effective 
and efficient inpatient rehabilitation for the older SCI 
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population (7, 9). There is evidence to suggest that 
age at onset of SCI affects the extent of the perceived 
disability and the rehabilitation process after injury 
(10). However, there is either contradictory or only 
limited evidence regarding how age influences reha-
bilitation parameters and outcomes (11, 12). Studies 
lack appropriate sample sizes or have failed to include 
a representative sample covering all adult age groups. 
Furthermore, many studies either focus solely on 
tetraplegia or paraplegia or are outdated regarding 
rehabilitation standards (10, 12). This disagreement 
in the literature and the change in demographic 
characteristics and aetiology of patients with newly 
acquired SCI highlight the need for contemporary 
research on this matter.

This retrospective cohort study aimed to outline 
current characteristics and to describe key features of 
the primary rehabilitation stay of people with a newly 
acquired SCI undergoing inpatient rehabilitation in 
a Swiss SCI specialized clinic. Multiple regression 
analysis was used to test the hypothesis that age at SCI 
onset influences inpatient rehabilitation parameters 
(length of stay (LOS), daily nursing hours, and daily 
therapy hours), independence at discharge (Spinal Cord 
Independence Measure III (SCIM III)) and place of 
discharge (i.e. private residence or institution). 

MATERIAL AND METHODS

Participants and settings
This retrospective cohort study included patients with 
newly acquired traumatic or non-traumatic SCI com-
pleting their primary rehabilitation programme at the 
Swiss Paraplegic Centre (SPC) in Nottwil, Switzerland 
between 1 January 2017 and 31 December 2019. Parti-
cipants were eligible if they were admitted within the 
first year after injury, ≥ 18 years of age and with com-
plete data available concerning the study endpoint vari-
ables. Patients were informed upon admission that their 
coded health-related data might be used for research 
purposes. Patients with documented verbal or written 
rejection of further use of their health-related data were 
excluded. All data were collected within clinical routine 
and obtained from the electronic clinic information 
systems. The results are reported in alignment with the 
Strengthening the Reporting of Observational studies in 
Epidemiology (STROBE) checklist (see Appendix S1).

Inpatient rehabilitation parameters and outcomes
To explore causal effects of age on rehabilitation 
parameters and outcome, and to identify the relevant 
explanatory variables, a directed acyclic graph (DAG) 
was constructed (see Appendix S2). Collected vari-
ables were aligned with the recommendations of the 

International SCI Core Data Set (13) in order to ensure 
international comparability. Response variables descri-
bing inpatient rehabilitation parameters were: (i) LOS, 
the combined duration of stay on the intensive care 
unit of the SPC and inpatient rehabilitation in days; 
(ii) therapy treatment time, mean hours spent on phy-
sical, occupational and sports therapy including active 
therapy and patient-related administrative work per 
day; (iii) nursing care, mean hours of nursing care spent 
on the patient per day. Response variables describing 
the rehabilitation outcome were: (iv) independence at 
discharge, assessed using the SCIM III at the time of 
discharge as per standard protocols. Scores range from 
0 to 100, with higher scores indicating a higher level of 
independence (14–16); (v) place of discharge, defined 
as either private residence or institution. 
In addition, the following predictors were collected: 
(i) age, defined as chronological age at onset of SCI; 
(ii) SCI severity, using the recommended SCI groups, 
as defined by the International SCI Core Data Set (i.e. 
C1–C4 American Spinal Injury Association Impairment 
Scale (AIS) A/B/C, C5–C8 AIS A/B/C, Th1–S3 AIS 
A/B/C and AIS D) (13); (iii) number of co-morbidities, 
patient charts at admission were screened for predefined 
co-morbidities in accordance with previous studies in this 
field (8, 17, 18). Moreover, these co-morbidities needed 
to be coded in the clinical information systems, finally 
resulting in the documentation of adiposity, diabetes 
mellitus, neurological disorders, psychological disorders, 
cardiovascular diseases, pulmonary diseases and osteo-
porosis; (iv) number of secondary complications during 
rehabilitation. Patient charts were screened for predefined 
secondary complications during inpatient rehabilitation in 
accordance with the literature (8, 13), including pressure 
sores, pneumonia, urinary tract infections, other infections, 
fractures during inpatient rehabilitation, thromboses, hete-
rotrophic ossification, psychological, cardiovascular and 
pulmonary complications. Notably, only the incidence of 
each co-morbidity and secondary complication per patient 
were documented as binary variable. Hence, duration, 
recurrence and severity were not considered. 
In order to present a comprehensive dataset, socio-
demographic variables, diagnosis-related variables 
(International Standards for Neurological Classi-
fication of SCI (ISNCSCI) at admission (19, 20)), 
aetiology and further variables that could potentially 
influence rehabilitation outcomes, such as spinal 
surgery, traumatic brain injury, vertebral injury, non-
vertebral fractures, organ injury and chemotherapy off 
site, were also obtained from the chart review (13).

Statistical analysis
Kolmogorov–Smirnov tests were used to test for 
normal distribution. Results were confirmed through 
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visual inspection of normality plots. Descriptive sta-
tistics including median first and third quartile were 
compiled for all demographic and endpoint variables. 
To do so, patients were divided into 5 age groups (i.e. 
18–34, 35–49, 50–64, 65–74, ≥ 75 years). Age groups, 
as recommended by the International SCI Core Data 
Set (13), could not be applied, since only patients ≥ 18 
years of age were included in this study and because 
the retirement age in Switzerland is 65 years. SCI 
severity, on the other hand, was described using the 
recommended SCI groups (as described above) (13).

To be able to unveil a potential influence of age, but 
under consideration of other explanatory variables, as 
revealed by the DAG (Appendix S2), multiple linear reg-
ression was used to determine if age in addition to clinical 
characteristics (i.e. number of co-morbidities, number of 
secondary complications and SCI severity) affects inpa-
tient rehabilitation parameters (LOS, daily therapy hours 
and daily nursing hours) and independence at discharge 
(SCIM III). To do so, SCI severity was coded as dummy 
variables, i.e. C1–C4 AIS A/B/C, C5–C8 AIS A/B/C, 
Th1–S3 AIS A/B/C and AIS D, with the latter acting as 
reference. In addition, binary logistic regression was used 
to determine if age, besides the above-mentioned factors, 
predicts institutionalization of SCI patients after discharge. 
Furthermore, Spearman rank correlations were used to 
investigate the relationship between chronological age and 
the number of predefined co-morbidities and secondary 
complications. Finally, a Kruskal–Wallis test for indepen-
dent samples was used to compare clinical characteristics 
between age groups.

A p-value  < 0.05 was considered statistically signi-
ficant. All analyses were performed using R statistical 
package (21). 

Compliance with ethics standards
This project complies with the regulatory requirements 
of the Swiss Human Research Act, the Swiss Human 
Research Ordinance and Good Clinical Practice Gui-
delines. Ethics approval was granted by the Ethik-
kommission Nordwest- und Zentralschweiz (EKNZ, 
Project-ID: 2020-00537, approved on 8 April 2020). 
The Clinical Trial Unit of the SPC assisted in main-
taining regulatory guidelines.

RESULTS

Demographics
From the 3,758 patients treated at the SPC bet-
ween 2017 and 2019, 1,312 patients were in their 
primary rehabilitation, of whom 417 were diag-
nosed with a newly acquired SCI. A total of 261 
patients met the inclusion criteria (Fig. 1). Eleven 
patients died over the course of their rehabilitation 

stay and were only analysed descriptively (see 
Appendix S3). 

Characteristics and endpoint parameters of the 
remaining 250 patients overall, and separated per age 
group, are shown in Tables I and II, respectively. 

Length of stay
The linear regression model explained 28.6% 
(adjusted R2) of the variance in LOS (F(6, 243) = 17.6, 
p < 0.001). Age did not predict LOS (β = 0.176, 
t = –0.752, p = 0.453). However, LOS was longer 
with  additional secondary complications (β = 16.5, 
t = 5.95, p < 0.001) and with increasing severity of 
SCI (C1–C4 AIS A/B/C: β = 79.2, t = 5.59, p < 0.001; 
C5–C8 AIS A/B/C: β = 62.3, t = 4.93, p < 0.001 and 
Th1–S3 AIS A/B/C: β = 21.7, t = 2.53, p = 0.012; all 
vs AIS D, respectively).

Therapy treatment time
Collectively, the predictors of the study analysis model 
accounted for only 3.6% of the variance in daily 
therapy hours (F(6, 243) = 2.56, p = 0.020). Additional 
co-morbidities significantly reduced the amount of 
therapy per day (β = –0.218, t = –3.16, p = 0.002). Age 
also played a role, but did not quite reach significance 
level (β = 0.006, t = 1.92, p = 0.056).

Nursing care
The factors in the study analysis model accounted 
for 51.3% of the variance in daily nursing hours 
(F(6, 243) = 44.7, p < 0.001). Age was found to signi-
ficantly affect daily nursing hours (β = 0.018, t = 5.40, 
p < 0.001), which were, however, also influenced by the 
number of co-morbidities (β = 0.237, t = 3.48, p  < 0.001) 
and secondary complications (β = 0.204, t = 5.21, 
p < 0.001) as well as severity of SCI (C1–C4 AIS A/B/C: 
β = 1.84, t = 9.17, p < 0.001; C5–C8 AIS A/B/C: β = 1.21, 
t = 6.77, p < 0.001 and Th1–S3 AIS A/B/C: β = 0.438, 
t = 3.61, p < 0.001; all vs AIS D, respectively).

Independence at discharge
Regarding independence at discharge, the above-
described factors collectively accounted for 49.9% 
of the variance in SCIM III values at discharge 
(F(6, 243) = 42.3, p < 0.001). Older age (β = –0.435, 
t = –5.90, p < 0.001), a greater number of co-morbidities 
(β = –6.42, t = –4.23, p < 0.001), more secondary com-
plications (β = –4.00, t = –4.57, p < 0.001) and  more 
severe SCI characteristics (C1–C4 AIS A/B/C: 
β = –32.2, t = –7.22, p < 0.001; C5–C8 AIS A/B/C: 
β = –30.9, t = –7.75, p < 0.001 and Th1–S3 AIS A/B/C: 
β = –10.9, t = –4.05, p < 0.001; all vs AIS D, respecti-
vely) were associated with reduced independence at 
discharge.
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Place of discharge
Of the 250 patients, 211 (84.4%) were discharged 
to a private residence and only 39 (15.6%) patients 
had to be referred to an institution. The odds for 
institutionalization after discharge changed by  
1.03-fold (95% confidence interval (95% CI)  

[1.01, 1.06]) for each additional year of age 
(p = 0.022). In addition to age, co-morbidities (OR 1.71  
[1.13, 2.62]; p = 0.012) and more severe SCI 
(i.e. C1–C4 AIS A/B/C vs AIS D, OR 4.00 [1.23, 
13.00], p = 0.020) were also found to be significant 
risk factors for institutionalization.

Table I. Characteristics of study population

Characteristics
18–34 years
1. age group

35–49 years
2. age group

50–64 years
3. age group

65–74 years
4. age group

≥ 75 years
5. age group Total

Number of individuals, n (%) 50 (20.0) 44 (17.6) 70 (28.0) 49 (19.6) 37 (14.8) 250 (100)
Age at onset of SCI, years, median 
(Q1–Q3)

26.0 (22.0–29.0) 43.5 (39.0–45.8) 58.0 (54.0–61.0) 70.0 (67.0–72.0) 79.0 (76.0–81.0) 57.0 (39.8–70.0)

Sex, n (%)
 Male 35 (70.0) 32 (72.7) 55 (78.6) 28 (57.1) 21 (56.8) 171 (68.4)
 Female 15 (30.0) 12 (27.3) 15 (21.4) 21 (42.9) 16 (43.2) 79 (31.6)
Nationality, n (%)
 Swiss 38 (76.0) 29 (65.9) 52 (74.3) 44 (89.8) 32 (86.5) 195 (78.0)
 Other 12 (24.0) 15 (34.1) 18 (25.7) 5 (10.2) 5 (13.5) 55 (22.0)
Marital status, n (%)
 Single 45 (90.0) 12 (27.3) 8 (11.4) 6 (12.2) 3 (8.1) 74 (29.6)
 Married/registered partnership 4 (8.0) 28 (63.6) 48 (68.6) 32 (65.3) 21 (56.8) 133 (53.2)
 Divorced 1 (2.0) 3 (6.8) 11 (15.7) 8 (16.3) 3 (8.1) 26 (10.4)
 Separated 0 (0) 1 (2.3) 2 (2.9) 1 (2.0) 0 (0) 4 (1.6)
 Widowed 0 (0) 0 (0) 1 (1.4) 2 (4.1) 10 (27.0) 13 (5.2)
SCI aetiology, n (%)
 Traumatic 44 (88.0) 28 (63.6) 38 (54.3) 18 (36.7) 16 (43.2) 144 (57.6)
 Non-traumatic 6 (12.0) 16 (36.4) 32 (45.7) 31 (63.3) 21 (56.8) 106 (42.4)
Neurological level upon admission, n (%)
 Cervical (C1–C8) 14 (28.0) 17 (38.6) 29 (41.4) 18 (36.7) 18 (48.6) 96 (38.4)
 Thoracic (Th1–Th12) 25 (50.0) 18 (40.9) 36 (51.4) 26 (53.1) 14 (37,8) 119 (47.6)
 Lumbar (L1–L5) 11 (22.0) 8 (18.2) 5 (7.1) 5 (10.2) 5 (13.5) 34 (13.6)
 Sacral (S1–S3) 0 (0) 1 (2.3) 0 (0) 0 (0) 0 (0) 1 (0.4)
AIS score upon admission, n (%)
 A 24 (48.0) 12 (27.3) 24 (34.3) 11 (22.4) 9 (24.3) 80 (32.0)
 B 7 (14.0) 9 (20.5) 8 (11.4) 8 (16.3) 4 (10.8) 36 (14.4)
 C 7 (14.0) 6 (13.6) 11 (15.7) 10 (20.4) 7 (18.9) 41 (16.4)
 D 12 (24.0) 17 (38.6) 27 (38.6) 20 (40.8) 17 (45.9) 93 (37.2)
 E 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
SCI groups, n (%)
 C1–C4, AIS A/B/C 4 (8.0) 1 (2.3) 9 (12.9) 5 (10.2) 4 (10.8) 23 (9.2)
 C5–C8, AIS A/B/C 8 (16.0) 6 (13.6) 3 (4.3) 6 (12.2) 6 (16.2) 29 (11.6)
 Th1–S3, AIS A/B/C 26 (52.0) 20 (45.5) 31 (44.3) 18 (36.7) 10 (27.0) 105 (42.0)
 AIS D 12 (24.0) 17 (38.6) 27 (38.6) 20 (40.8) 17 (45.9) 93 (37.2)
Spinal surgery, n (%) 7 (14.0) 4 (9.1) 10 (14.3) 5 (10.2) 3 (8.1) 29 (11.6)
Associated injury, n (%)
 Traumatic brain injury 1 (2.0) 1 (2.3) 5 (7.1) 3 (6.1) 2 (5.4) 12 (4.8)
 Vertebral injury 43 (86.0) 30 (68.2) 40 (57.1) 20 (40.8) 17 (45.9) 150 (60.0)
 Non-vertebral fractures 12 (24.0) 9 (20.5) 20 (28.6) 4 (8.2) 5 (13.5) 50 (20.0)
 Organ injury 1 (2.0) 1 (2.3) 0 (0) 0 (0) 0 (0) 2 (0.8)
Co-morbidities, n (%)
 Adiposity 1 (2.0) 1 (2.3) 5 (7.1) 2 (4.1) 1 (2.7) 10 (4.0)
 Diabetes mellitus 1 (2.0) 0 (0) 8 (11.4) 9 (18.4) 11 (29.7) 29 (11.6)
 Neurological disorders 1 (2.0) 1 (2.3) 3 (4.3) 3 (6.1) 3 (8.1) 11 (4.4)
 Psychological disorders 5 (10.0) 3 (6.8) 4 (5.7) 3 (6.1) 0 (0) 15 (6.0)
 Cardiovascular diseases 6 (12.0) 8 (18.2) 32 (45.7) 32 (65.3) 33 (89.2) 111 (44.4)
 Pulmonary diseases 0 (0) 1 (2.3) 7 (10.0) 4 (8.2) 5 (13.5) 17 (6.8)
 Osteoporosis 0 (0) 0 (0) 2 (2.9) 4 (8.2) 0 (0) 6 (2.4)
Secondary complications during rehabilitation, n (%)
 Pressure sores 10 (20.0) 5 (11.4) 24 (34.3) 13 (26.5) 9 (24.3) 61 (24.4)
 Pneumonia 6 (12.0) 7 (15.9) 20 (28.6) 9 (18.4) 13 (35.1) 55 (22.0)
 Urinary tract infections 21 (42.0) 17 (38.6) 26 (37.1) 18 (36.7) 9 (24.3) 91 (36.4)
 Other infections 7 (14.0) 5 (11.4) 15 (21.4) 10 (20.4) 10 (27.4) 47 (18.8)
 Fractures 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
 Thromboses 0 (0) 1 (2.3) 3 (4.3) 3 (6.1) 0 (0) 7 (2.8)
 Heterotrophic ossification 0 (0) 0 (0) 1 (1.4) 0 (0) 0 (0) 2 (0.8)
 Psychological complications 8 (16.0) 3 (6.8) 8 (11.4) 4 (8.2) 1 (2.7) 24 (9.6)
 Cardiovascular complications 2 (4.0) 2 (4.5) 12 (17.1) 15 (30.6) 11 (29.7) 42 (16.8)
 Pulmonary complications 7 (14.0) 6 (13.6) 15 (21.4) 10 (20.4) 6 (16.2) 44 (17.6)
Chemotherapy off site, n (%) 0 (0) 0 (0) 2 (2.9) 2 (4.1) 0 (0) 4 (1.6)

AIS: American Spinal Injury Association Impairment Scale; Q1: first quartile; Q3: third quartile; SCI: spinal cord injury.
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Age influence on other factors
A strong correlation between age at onset of SCI and 
the sum of co-morbidities (rSpearman = 0.507, p < 0.001) 
was found, as confirmed by significant differences bet-
ween age groups ( χ2(4) = 63.599, p < 0.001), suggesting 

more co-morbidities in older patients. In addition, a 
weak association was observed between age at onset 
of SCI and the sum of complications during the reha-
bilitation process (rSpearman = 0.189, p = 0.003). However, 
differences in secondary complications between age 
groups were not significant ( χ2(4) = 9.389, p = 0.052). 

DISCUSSION

This study aimed to describe patient characteristics and 
key features of the primary rehabilitation stay of people 
with a newly acquired SCI undergoing inpatient rehabi-
litation in a Swiss SCI specialized clinic, as well as the 
influence of age on inpatient rehabilitation parameters 
(i.e. length of stay, therapy and nursing hours) and the 
rehabilitation outcome (independence at discharge 
and place of discharge). The main findings were that 
chronological age predicted hours of nursing care and 
independence at discharge, was a significant risk factor 
for institutionalization, and correlated with the number 
of co-morbidities and secondary complications. LOS 
and therapy treatment time, however, were found to 
be age-independent. 

Demographics
Characteristics of the study sample were in accordance 
with current literature on SCI epidemiology, as older 
patients were more frequently female, more often 
had non-traumatic SCI and showed more cervical 

Table II. Study endpoint variables by age group

Outcome 
parameters

18–34 years
1. age group

35–49 years
2. age group

50–64 years
3. age group

65–74 years
4. age group

≥ 75 years
5. age group Total

Length of stay, days, 
median (Q1–Q3)

173.5 (121.8–226.3) 177.5 (158.3–232.0) 191.0 (159.5–240.5) 177.0 (129.0–238.0) 171.0 (133.5–208.0) 177.5 (140.5–233.0)

Days on ICU, days, 
median (Q1–Q3)

0 (0–6.0) 0 (0–3.5) 0 (0–3.0) 0 (0–0) 0 (0–0) 0 (0–2.0)

Therapy treatment 
time in total, h, 
median (Q1–Q3)

319.1 (176.4–466.9) 359.3 (250.1–508.4) 411.5 (273.1–544.8) 307.2 (206.7–495.3) 275.2 (201.2–275.2) 348.0 (228.4–511.3)

Therapy treatment 
time per day, h, 
median (Q1–Q3)

1.8 (1.5–2.2) 1.9 (1.7–2.4) 1.9 (1.6–2.5) 1.8 (1.6–2.6) 1.7 (1.3–2.3) 1.8 (1.5–2.4)

Nursing care total, 
h, median (Q1–Q3)

248.0 (101.6–413.3) 192.5 (118.3–378.4) 384.2 (157.6–637.0) 346.1 (199.0–567.5) 441.9 (336.7–728.8) 316.0 (158.5–545.0)

Nursing care per day, 
h, median (Q1–Q3)

1.5 (0.9–2.0) 1.2 (0.8–1.8) 1.9 (1.1–2.8) 2.1 (1.3–3.1) 3.1 (2.2–3.8) 1.9 (1.0–2.8)

SCIM III score, points, median (Q1–Q3)
 Upon admission 22.0 (14.5–31.3) 27.0 (15.3–47.5) 23.0 (11.8–45.5) 18.0 (14.0–29.0) 16.0 (8.0–27.0) 21.0 (13.0–34.3)
 Upon discharge 75.5 (62.8–91.3) 76.0 (68.0–85.8) 63.0 (38.8–78.0) 64.0 (34.5–74.5) 31.0 (17.5–60.5) 68.0 (41.0–81.0)
 Difference 46.0 (31.5–59.3) 41.5 (24.3–54.0) 30.0 (13.8–41.5) 29.0 (13.5–48.5) 20.0 (5.5–29.5) 33.0 (15.0–50.0)
Sum of co-morbidities, 
median (Q1–Q3)

0 (0–1.0) 0 (0–1.0) 1.0 (0–1.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (0–1.0)

Sum of secondary 
complications during 
rehab, median  
(Q1–Q3)

1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.3) 1.0 (1.0–2.5) 2.0 (1.0–2.0) 1.0 (1.0–2.0)

Place of residence upon admission, n (%)
 Private residence 49 (98.0) 44 (100) 69 (98.6) 48 (98.0) 37 (100) 247 (98.8)
  Institution 1 (2.0) 0 (0) 1 (1.4) 1 (2.0) 0 (0) 3 (1.2)
Place of discharge, n (%)
 Private residence 45 (90.0) 42 (95.5) 60 (85.7) 44 (89.8) 20 (54.1) 211 (84.4)
  Institution 5 (10.0) 2 (4.5) 10 (14.3) 5 (10.2) 17 (45.9) 39 (15.6)

ICU: intensive care unit; h: hours; Q1: first quartile; Q3: third quartile; SCIM III: Spinal Cord Independence Measure III.

Fig. 1. Chart of study population selection in this retrospective cohort 
study. SCI: spinal cord injury; SCIM III: Spinal Cord Independence 
Measure III; ISNCSCI: International Standards for Neurological 
Classification of SCI.
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lesions compared with younger age groups (Table I) 
(4, 5, 10). There is a general trend towards an increase 
in mean age at onset of SCI (3); however, with quite 
some variation between countries, which can be 
attributed to prevailing medical, geographic and social 
conditions (1, 3). In the USA, for example, the mean 
age at onset of SCI has increased from 29 years in  
1970 to 43 years in 2018 (6). In comparison, a recent 
study in Switzerland showed a median age of people 
with newly acquired SCI of 53.5 years (22). In the 
current study this was slightly higher, at 57.0 years. 

Length of stay
LOS did not vary with age. However, LOS was mar-
kedly influenced by the severity of the SCI, whereby 
more severe SCI characteristics correlated with longer 
LOS. Secondary complications and co-morbidities are 
also known to lengthen LOS (23). Here, however, this 
was true only for secondary complications, but not for 
co-morbidities. Direct comparisons with other studies 
remain difficult, as many of them are from the USA 
where LOS typically is markedly shorter. Even within 
Europe, LOS varies greatly between different countries, 
probably because of differences between the various 
healthcare systems (3). Moreover, studies with mixed 
populations including para- and tetraplegic patients 
as well as traumatic and non-traumatic SCI are scarce  
(4, 10, 24). It is evident, however, that rehabilitation 
stays have become progressively shorter in the last few 
years (10, 24). 

Therapy treatment time
Age at onset of SCI was not associated with therapy 
treatment time (although there was a trend). Obviously, 
there is a lot of unexplained variance remaining that 
needs to be explained by other factors not included in 
the current analysis.

A therapy treatment time of 1.8 h per day was in accor-
dance with the results of 2 studies based on the SCIRehab 
Project (USA). However, the mean LOS for inpatient 
rehabilitation in these 2 studies was 55 days (25, 26), 
which differs greatly from the median LOS of 177.5 days 
observed in this study, and hence also resulting in large 
differences in total inpatient therapy time. No studies 
could be found investigating age influences on therapy 
treatment time or the impact of different treatment times 
on rehabilitation outcome after SCI. 

Nursing care
Nursing care per day was significantly higher the 
older patients were at SCI onset. Unfortunately, 
there is only limited evidence to compare this with. 
In a study with patients from the SCIRehab Project, 
a mean of 4.03 h of nursing care per week over a 

mean inpatient rehabilitation stay of 55 days was 
reported (27); however, no information on how this 
value varied with age was provided. It is notable that 
for the analysis presented here, only hours of nursing 
care spent on the patient were included, whereas in 
the study of the SCIRehab Project time for patient 
education and nursing management (e.g. planning of 
discharge) was also considered. In addition to age at 
SCI onset, the amount of nursing care per day was 
strongly influenced by SCI severity, but also by the 
sum of secondary complications and co-morbidities. 
When keeping all other factors constant, a patient 
categorized as C1–C4 AIS A, B or C required an 
estimate of 1.84 h more nursing care per day than a 
patient categorized as AIS D. 

Independence at discharge
Independence at discharge varied significantly with 
age at onset of SCI, reducing SCIM III at discharge 
by ~0.44 points per additional year of age. This is in 
line with other studies showing greater independence 
at discharge in younger compared with older patients, 
although only investigating traumatic SCI (28–30). 
Younger people seem to show a greater improvement 
in independence during inpatient rehabilitation (10). 
Reasons for this could be a better adaptability and 
higher functional reserve (30). Older people, on the 
other hand, tend to more frequently have incomplete 
SCIs, which is thought to benefit functional gains and, 
eventually, independence at discharge (4, 31). Furlan et 
al. (32, 33) described similar neurobiological respon-
ses to SCI between younger and older individuals, 
therefore suggesting a similar rehabilitation potential. 
However, more frequent co-morbidities and secondary 
complications during inpatient rehabilitation limit fun-
ctional gains in older adults (4, 31). It is noteworthy 
that lower independence levels might have already 
prevailed before onset of SCI. This would partially 
explain the lower SCIM III scores at discharge com-
pared with younger individuals (Table II). However, 
patients at older age are also capable of considerable 
improvements in SCIM III scores (Table II). There 
are a number of studies suggesting that, for older 
individuals, the translation of functional gains into 
increased independence requires individually tailored 
multidisciplinary rehabilitation programmes and that, 
compared with younger individuals, older people might 
benefit even more from these programmes to achieve 
their full recovery potential (7, 9, 10, 28, 34). 

Place of discharge
The vast majority of patients were discharged to 
home settings (Table II). Yet, the need for institu-
tional placement after discharge was significantly 
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associated with older age, indicating that older patients 
have higher care needs at discharge. Specifically, the 
odds for institutionalization after discharge chan-
ges by 1.031-fold for each additional year of age. 
Consistent with the literature, age thus is a significant 
predictor for institutionalization [7,10].The number of  
co-morbidities and particularly severe SCI characteristics 
(i.e. C1–C4 AIS A/B/C vs AIS D) were also found to be 
significant risk factors for institutionalization. The place 
of discharge may further be impacted by the patient’s 
pre-existing housing situation, insurance situation, pri-
vate financial resources, as well as marital status (35). In 
addition, a greater acceptability for older patients being 
discharged into an institution compared with younger 
patients is being discussed (7). Nonetheless, the current 
study indicates that individually tailored rehabilitation 
programmes lead to significant improvements in inde-
pendence and a low institutionalization rate, therefore 
possibly reducing the burden for healthcare systems in the 
long-term. Hence, these findings may help in negotiation 
with third-party payers, as the inpatient rehabilitation of 
patients with SCI is very cost-intensive.

Age influence on other factors 
Older patients had significantly more co-morbidi-
ties at admission than younger individuals. These 
findings are confirmed by studies in people with 
traumatic SCI (8, 17, 18). In particular, osteopo-
rosis, diabetes mellitus, and cardiovascular and 
pulmonary diseases tend to negatively influence 
the rehabilitation process (36). The physiological 
process of ageing may foster the increased inci-
dence of co-morbidities in older adults (37), which, 
in turn, was found to be an explanatory factor for 
reduced independence at discharge as well as the 
higher number of hours spent on nursing care at a 
greater age. Even treatment decisions, such as, for 
example, timely scheduling of spinal surgery may 
be influenced by co-morbidities and the associated 
medication, therefore relevantly influencing the 
rehabilitation process (37, 38). 

A weak correlation between secondary complica-
tions and age at onset of SCI was found. A higher 
total of secondary complications in older adults is 
controversial (8, 39). The risk of developing secondary 
complications is increased in patients over 50 years of 
age (40). However, the neurological level of injury is a 
major influencing factor for secondary complications 
in inpatient rehabilitation. In particular, urinary tract 
infections, pressure sores and pneumonias seem to be 
common complications in all age groups. Similar to 
co-morbidities, the physiological process of ageing 
seems to favour the occurrence of secondary compli-
cations, although to a smaller extent. Consequently, 
training of healthcare professionals in screening for 

relevant co-morbidities at admission and prevention 
of secondary complications, especially in the older 
SCI population, could reduce their impact on the inpa-
tient rehabilitation process as well as independence 
at discharge.

Study limitations
This study is limited by its retrospective design. 
Moreover, no comprehensive summary of all prevalent 
co-morbidities and secondary complications could be 
given because the chart review was restricted to a pre-
defined list of each (see Table I). Furthermore, although 
recommended for the SCI population, the use of the 
SCIM III assessment is not yet established worldwide, 
which makes comparisons between studies challenging. 

Age-groups, as recommended by the International 
SCI Core Data Set (13), could not be applied, as only 
patients ≥ 18 years of age were included and the reti-
rement age of 65 years in Switzerland has a significant 
impact on the insurance situation of an individual and 
thus required consideration. 

Finally, the amount of therapy was measured by mer-
ging occupational, physical, and sport therapy treatment 
times together, as there are considerable differences in 
the task area between centres, regions and countries.

CONCLUSION

Age influenced inpatient rehabilitation parameters, even 
though an individual rehabilitation stay is not explicitly 
adapted according to the age of a patient. Older age at 
onset of a SCI was associated with additional nursing 
hours per day, reduced independence, more co-morbidities 
and secondary complications, and higher risk of institu-
tionalization after discharge. LOS and daily therapy hours 
were found to be age-independent. Taking the findings of 
the current study into consideration within a multidisci-
plinary case management may facilitate the organization 
of the primary inpatient rehabilitation process and, con-
sequently, impact on rehabilitation outcomes.
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