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 RÉSUMÉ 
 Cette étude a examiné un profi l basé sur la population des personnes âgées atteintes des lésions cérébrales acquises 
(LCA), et de leur résultats fonctionnels, en réadaptation en milieu hospitalier au Canada. Les personnes âgées 
de 65 ans et plus qui ont été admises en réadaptation en milieu hospitalier de soins aigus pour un traumatisme 
cranio-cérébrale (TCC) ( n  = 1 214) ou une lésion cérébrale non pas traumatique (nTCC) (n = 1 530) ont été identifi ées 
en Ontario de 2003/04 à 2009/10. Les caractéristiques démographiques et cliniques et les notes fonctionnelles 
totales de l’instrument (FIM MD ) ont eté examinées. On a utilisé le Base de données sur les congés des patients 
(BDCP) et le Système nationale d’information sur la réadaptation (SNIR). Les résultats ont montré que les 
personnes plus âgées atteintes d’un traumatisme cranio-cérébrale (TCC) présentaient un niveau d’indépendence 
fonctionelle plus élevé que celles sans TCC à l’admission et à la sortie. Cependant, les deux groupes ont faits des 
gains importants ( p  = .001) et similaires ( p  > .05). Nous concluons que les personnes âgées avec TCC et nTCC font 
des gains similaires de réadaptation en milieu hospitalier. L’incapacité fonctionnelle initiale plus faible des patients 
nTCC à l’admission et les profils cliniques différents offrent des implications pour la répartition des soins et des 
ressources cliniques.   

 ABSTRACT 
 This study examined a population-based profi le of older adults with acquired brain injury, and their functional outcomes, 
in in-patient rehabilitation. Older adults aged 65 and older admitted to in-patient rehabilitation from acute care 
with traumatic brain injury (TBI) ( n  = 1214) or non-traumatic brain injury (nTBI) ( n  = 1,530) from 2003/04 to 2009/10 
in Ontario were identifi ed. Demographic and clinical characteristics and the total function score from the FIM (TM)  
Instrument were examined. The Discharge Abstract Database and National Rehabilitation Reporting System were 
used. Results indicated that older adults with TBI had signifi cantly higher total function scores than those with nTBI 
at admission and at discharge ( p  < .001). However, both groups made signifi cant ( p  < .001) and similar gains ( p  > .05) 
in total function scores. We conclude that older adults with TBI and nTBI make similar in-patient rehabilitation 
gains. Lower initial functional ability of nTBI patients on admission and patients’ different clinical profi les have 
implications for clinical care and resources.  
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           Acquired brain injury (ABI), from traumatic and non-
traumatic causes, is a leading cause of death and dis-
ability worldwide (World Health Organization,  2006 ). 
Traumatic brain injury (TBI) can result from causes 
such as falls and motor vehicle collisions whereas non-
traumatic brain injury (nTBI) can result from brain 
tumours and anoxia, for example. Colantonio, Chan, 
Zagorski, and Parsons ( 2011 ) reported that from 2003/04 
to 2009/10, there were 5,002 older adults (37% of 
all adults in rehabilitation) with ABI diagnosis codes 
in in-patient rehabilitation in Ontario. Although the 
highest rates of TBI have been reported among the 
older-adult population (Colantonio, Croxford, Farooq, 
Laporte, & Coyte,  2009 ; Colantonio et al.,  2010 ; Faul, 
Xu, Wald, & Coronado,  2010 ; Koskinen & Alaranta, 
 2008 ), little research documents the profi le and outcomes 
of in-patient rehabilitation in this rapidly growing 
population segment. Even less is known about older 
patients with nTBI. Recent estimates show that approx-
imately 15 per cent of Canada’s population in 2011 
comprised adults aged 65 and older (Statistics Canada, 
 2012a ) and is estimated to be approximately 25 per cent 
by the year 2036 (Statistics Canada,  2012b ). However, 
there is a lack of population-based studies of older 
adults in rehabilitation despite the likelihood that future 
consumers of rehabilitation services will increasingly 
be older adults. 

 Research on patients in in-patient rehabilitation has 
frequently used the FIM (TM)  Instrument to assess a 
patient’s physical and cognitive disability (ERABI, 
 2011 ). Studies on older adults have found that FIM (total 
function) scores at admission among TBI patients were 
in the low to mid-50s, and the FIM scores at discharge 
were in the low 80s to low 90s (Cifu et al.,  1996 ; Frankel 
et al.,  2006 ; Graham et al.,  2010 ). However, none of 
these studies examined the statistical signifi cance of the 
increase in FIM score from admission to discharge. These 
scores also refl ect the fact that patients are admitted in 
in-patient rehabilitation after a much briefer length of 
acute care stay. (e.g., in the United States, the average 
length of stay in rehabilitation from 2000 to 2007 was 
18.7 days) (Granger et al.,  2010 ). Also, some studies 
have examined the relationship between FIM score and 
discharge destination. For example, Chang, Ostir, Kuo, 
Granger, and Ottenbacher ( 2008 ) found that an increase 
in FIM motor score was associated with increased odds 

of discharge to home and to assisted living and that 
an increase in FIM cognitive score was associated 
with increased likelihood of discharge home. Similarly, 
Richmond, Kauder, Stumpf, and Meredith (2002) found 
that while age signifi cantly increased the odds of being 
discharged to skilled nursing facilities, higher FIM 
scores signifi cantly lowered the odds of discharge to 
this destination. 

 Outside of the older-adult literature, researchers have 
compared FIM scores between TBI and nTBI patients, 
but their fi ndings have been inconclusive. Some studies 
have found that TBI patients have signifi cantly higher 
FIM scores at admission and discharge and that patients 
with TBI make signifi cantly higher gains in FIM score 
over the course of in-patient rehabilitation (Colantonio, 
Gerber, et al.,  2011 ; Cullen, Park, & Bayley,  2008 ; Cullen & 
Weisz,  2011 ). However, another smaller study found 
no differences between admission and discharge FIM 
scores and no signifi cant differences in gains in FIM 
score between these two groups (Cullen, Charmagne, & 
Bayley,  2009 ). Note that the average age of TBI patients 
in the aforementioned studies ranged from 34 to 48 years 
whereas the average age of nTBI (or patients with anoxic 
brain injury) ranged from 37 to 59 years. Studies focusing 
on elucidating differences between TBI and nTBI patients 
in in-patient rehabilitation outcomes can inform plan-
ning of types of health care services for older adults 
in in-patient rehabilitation as well as the education 
of health care practitioners. 

 This article addresses the gaps in knowledge of older 
adults with ABI in in-patient rehabilitation from a 
population-based perspective. Specifi cally, in our study 
we examined the characteristics of older adults aged 
65 years and older with ABI admitted to in-patient reha-
bilitation from acute care and their functional outcomes 
using FIM scores across different in-patient rehabili-
tation referral destinations. FIM scores of older adults 
with TBI and nTBI were compared, as nTBI patients 
are often treated in similar or identical rehabilitation pro-
grams and facilities as those with TBI (Cullen & Weisz, 
 2011 ). 

 However, little is known about TBI and nTBI patient 
profi les, how they differ in terms of functional outcomes, 
and thus, how the injury affects the use of resources. 
The comparison between TBI and nTBI is therefore 
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of interest, as it can assist in the evaluation of current 
rehabilitation practices for patients with TBI and nTBI 
and can inform program planning for these patients.  

 Methods  
 Sample 

 The cohort included patients aged 65 and older with 
a TBI or nTBI diagnostic code discharged from acute 
care to in-patient rehabilitation and subsequently dis-
charged from in-patient rehabilitation between April 1, 
2003, and March 31, 2010.   

 Data Sources and Defi nition of ABI 

 All hospitalization data were obtained from the Dis-
charge Abstract Database (DAD), and all in-patient 
rehabilitation data were obtained from the National 
Rehabilitation Reporting System (NRS). DAD and NRS 
data collection is mandatory in the province of Ontario. 
These data were obtained from the Ministry of Health 
and Long-Term Care (MOHLTC). Each record in the 
DAD included demographic and clinical information 
about all hospital admissions and discharges, including 
deaths and transfers, using standard diagnosis and 
procedure and intervention codes. Data quality in the 
DAD has been assessed using chart re-abstraction and 
has indicated good agreement for non-clinical variables, 
moderate to substantial agreement for the most respon-
sible diagnoses (MRDx; the diagnosis most responsible 
for the acute care length of stay), and good specifi city 
of ABI codes (Juurlink et al.,  2006 ). The NRS provides 
information on clinical outcomes and on the character-
istics of various rehabilitation activities. NRS data col-
lection includes data from in-patient rehabilitation units 
within acute care hospitals and free-standing rehabili-
tation hospitals. Cases in the NRS are grouped by con-
ditions, referred to as Rehabilitation Client Groupings 
(RCG) (Canadian Institute for Health Information, 2012). 
Sensitivity analyses of patients aged 19 and older with 
ABI indicated that a small proportion was coded as 
treated in units for stroke (7.9%) and spinal cord or 
multiple trauma (17.8%). Therefore, we included these 
cases if they had a previous ABI diagnostic code in 
acute care. 

 ABI cases were identifi ed in the DAD by the presence 
of an International Classifi cation of Disease – Version 
10 (ICD-10) code for TBI and nTBI in any of the 25 
diagnosis fi elds. The ICD-10 codes that were used were 
informed through the international literature and stake-
holder consultation (Chen & Colantonio,  2011 ). TBI diag-
nostic codes included fracture and crushing of the skull 
and facial bones (S02.0, S02.1, S02.3, S02.7, S02.8, S02.9, 
S07.1), intracranial injury, excluding those with skull 
fracture (S06.0, S06.1, S06.2, S06.3, S06.4, S06.5, S06.6, 

S06.7, S06.8, S06.9), and late effects of injuries (F07.2, 
T90.2, T90.5). NTBI diagnostic codes included anoxia 
(G93.1, T71, T75.1, R09.0), brain tumours (C70, C71, 
C79.3, C79.4, D32.0, D33.0, D33.1, D33.2, D33.3, D42.0, 
D43, D43.2, G06.0, G06.1, G06.2, G07, G93.0), encephalitis 
(A81.1, A83.0, A83.2, A86.0, B00.4, B01.1, B02.0, B05.0, 
B94.1, G04.0, G04.2, G04.8, G04.9, G05, G09), menin-
gitis (A87, B01.0, B37.5, G00, G01, G02, G03), metabolic 
encephalopathy (E10.0, E11.0, E13.0, E14.0, E15, G92, 
G93.4), other brain disorders and infections (G91.0, 
G91.1, G91.2, G93.2, G93.5, G93.6, G93.8, G93.9, G99.8, 
R29.1), toxic effects of substances, chiefl y non-medical 
as to source (T40.5, T42.6, T51, T56, T57.0, T57.2, T57.3, 
T58, T64, T65.0), and vascular insults not captured in 
other national studies of stroke (I62.0, I62.9). We excluded 
stroke patients in the nTBI group when it was in the 
most responsible diagnosis fi eld and anywhere in TBI 
diagnosis fi elds.   

 Variables 

 Demographic and clinical characteristics that were exam-
ined included (a) gender, (b) Charlson Comorbidity 
Index (CCI) score, (c) length of stay (LOS) in acute care 
and in in-patient rehabilitation, (d) number of alternate 
level of care (ALC) days, (e) number of special-care days, 
and (f) number of previous ABI admissions. 

 The CCI score was used as an indicator of the healthcare 
need of patients with ABI (Charlson, Pompei, Ales, & 
Mackenzie,  1987 ). It has been widely accepted as a 
useful tool for measuring co-morbidity disease and has 
been shown to have a consistent correlation to in-hospital 
mortality (Sundararajan et al.,  2004 ). LOS in acute care 
was defi ned as the number of days between admission 
and discharge in acute care. LOS in in-patient rehabili-
tation was defi ned as the number of days between 
admission and discharge from in-patient rehabilita-
tion. ALC days are days in which a patient occupies 
an acute care hospital bed but could be appropriately 
cared for in a less-intensive setting (Canadian Institute 
for Health Information, 2009). Special-care days were 
defi ned as the cumulative number of days spent in all 
intensive care units. FIM scores were calculated by 
summing up all motor and cognitive scores. The abso-
lute FIM change was calculated by subtracting the FIM 
score at admission from the FIM score at discharge. 

 In-patient rehabilitation referral destinations were exam-
ined using the “referral to” code in the NRS. For the pur-
pose of this study, we categorized referral destinations 
into three groups: (a) community/home, (b) another 
in-patient rehabilitation facility or in-patient unit, and 
(c) residential care.  Community/home  destinations include 
private practice; services for ambulatory care, drug 
dependency, community (including public health and 
transportation), and legal needs; and educational and 
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home care agencies.  Another in-patient rehabilitation facility 
or in-patient unit  included in-patient acute care unit in 
the same or different facility and rehabilitation unit in 
the same or different facility.  Residential care  facilities 
included long-term care homes, continuing care, and 
nursing homes.   

 Analyses 

 Descriptive analyses were conducted to determine the 
demographic and clinical characteristics of TBI and 
nTBI patients. T-tests and chi-square tests were con-
ducted to test for signifi cant differences between TBI 
and nTBI patients on specifi c characteristics. T-tests 
were also conducted to (1) assess for signifi cant dif-
ferences between TBI and nTBI patients on FIM scores 
at admission and at discharge from in-patient reha-
bilitation and on their absolute change in FIM score; 
(2) determine if signifi cant gains were made at dis-
charge among TBI patients and also nTBI patients; 
and (3) compare the FIM scores between younger adults 
(19–64 years) and older adults (65 years and older). 
All FIM scores were also analyzed by in-patient re-
habilitation referral destinations. All analyses were 
performed using SAS, version 9.2 (SAS Institute, Inc., 
Cary, NC) software.    

 Results  
 Characteristics 

 From April 1, 2003, to March 31, 2010, there were 1,214 
patients with a TBI diagnostic code and 1,530 patients 
with an nTBI diagnostic code admitted to in-patient 
rehabilitation from acute care. This represents 40 per 
cent and 47 per cent respectively of the total number 
of adults in rehabilitation during this period. Among 
patients with TBI, 44.7 per cent were female. Approxi-
mately 16 per cent had a CCI score of 2 or higher, 
65.2 per cent stayed in acute care for 12 days or longer, 
60.7 per cent stayed in in-patient rehabilitation for 
25 days or longer, 45.6 per cent had at least one ALC 
day, 42.7 per cent had at least one special-care day, 
and 22.9 per cent had at least one previous ABI admis-
sion. Among patients with nTBI, 46.7 per cent were 
female. Approximately 43 per cent had a CCI score 
of 2 or higher, 64.1 per cent stayed in acute care for 
12 days or longer, 65.8 per cent stayed in in-patient 
rehabilitation for 25 days or longer, 42 per cent had 
at least one ALC day, 39.8 per cent had at least one 
special-care day, and 24.6 per cent had at least one 
previous ABI admission (see  Table 1 ).     

 Results showed that TBI patients (mean age = 77.2, 
 SD  = 7.0) were signifi cantly older ( p  < .001) than nTBI 
patients (mean age = 75.5,  SD  = 6.8). Chi-square tests 
revealed that signifi cantly more nTBI patients had a 

CCI score of 2 or higher ( p  < .0001) and stayed in in-
patient rehabilitation for at least 25 days ( p  < .01) (see 
 Table 2 ). Univariate odds ratios indicated that nTBI 
patients were 3.90 times more likely than TBI patients 
to have a CCI score of 2 or higher, and nTBI patients 
were 1.24 times more likely than TBI patients to have 
stayed in in-patient rehabilitation for 25 days or longer.       

 FIM Scores 

 From 2003/04 to 2009/10, the average FIM score at 
discharge (99.9,  SD  = 21.1) among TBI patients was 
signifi cantly higher ( p  < .0001) than the score at ad-
mission (77.8,  SD  = 22.1). Among patients referred to 
the community/home, the average score at discharge 
(105.5,  SD  = 15.0) was also signifi cantly higher ( p  < .0001) 
than the score at admission (81.3,  SD  = 20.7). Similarly, 
the discharge FIM among patients referred to another 
in-patient rehabilitation unit or another in-patient unit 
(74.4,  SD  = 27.9) was signifi cantly higher ( p  < .01) than 
the admission FIM (64.6,  SD  = 22.7). The discharge 
FIM among patients referred to residential care (82.7, 
 SD  = 25.0) was also signifi cantly higher ( p  < .0001) 
than the admission FIM (66.3,  SD  = 21.4) (see  Table 3 ).     

 From 2003/04 to 2009/10, the overall average FIM 
score at discharge (95.9,  SD  = 23.6) among nTBI patients 
was signifi cantly higher ( p  < .0001) than the score at 
admission (73.7,  SD  = 22.6). Among patients referred 
to the community/home, the average score at dis-
charge (102.4,  SD  = 17.9) was also signifi cantly higher 
( p  < .0001) than the score at admission (77.7,  SD  = 20.7). 
Similarly, the discharge FIM among patients referred 
to another in-patient rehabilitation unit or another 
in-patient unit (65.7,  SD  = 24.8) was signifi cantly higher 
( p  < .01) than the admission FIM (58.2,  SD  = 21.0). 
The discharge FIM among patients referred to residen-
tial care (77.1,  SD  = 24.7) was also signifi cantly higher 
( p  < .0001) than the admission FIM (61.7,  SD  = 21.7) 
(see  Table 3 ). 

 T-tests revealed that TBI patients had a signifi cantly 
higher overall FIM at admission compared to nTBI 
patients ( p  < .001) and across all referral destinations 
(community/home =  p  < .001, another in-patient reha-
bilitation unit or another in-patient unit =  p  < .05, and 
residential care =  p  < .05). Similarly, TBI patients had a 
signifi cantly higher overall discharge FIM compared 
to nTBI patients ( p  < .0001) and across all referral 
destinations (community/home =  p  < .0001, another 
in-patient rehabilitation unit or another in-patient 
unit =  p  < .05, residential care =  p  < .05). While both 
TBI and nTBI patients made signifi cant gains in FIM 
from admission to discharge (see  Table 3 ), a compari-
son of absolute change in FIM among these two groups 
across all referral discharge destinations revealed that the 
gains made were not signifi cantly different (see  Table 2 ). 
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 FIM scores of older and younger adults aged 19 to 64 
were also compared. Among patients with TBI, overall 
FIM scores at admission ( p  < .0001) and at discharge 
( p  < .0001) were signifi cantly higher among younger 
adults. However, scores at admission ( p  < .001) and at 
discharge ( p  < .05) among older adults discharged to 
residential care were signifi cantly higher than the score of 
younger adults discharged to this destination. Although 
the absolute change in overall FIM score was signifi cantly 
different among younger and older adults ( p  < .05), 
the absolute change among patients discharged home 
and to residential care were not signifi cantly different 
( p  = 0.1680 and  p  = 0.2994 respectively) (see  Table 4 ).     

 Among patients with nTBI, overall FIM score at admis-
sion ( p  < .0001) and at discharge ( p  < .0001) were signif-
icantly higher among younger adults. T-tests showed 

that the overall absolute change in FIM score was not 
signifi cant ( p  = 0.6192). The absolute change in FIM 
score among patients discharged home and to residen-
tial care were also not signifi cantly different ( p  = 0.1131 
and  p  = 0.8709 respectively) (see  Table 4 ).    

 Discussion 
 This is the fi rst study, to our knowledge, to compare the 
functional outcome of older adults (aged 65 and older) 
with TBI and nTBI in in-patient rehabilitation with a 
previous acute care admission from a publicly insured 
sample using the FIM (TM)  Instrument. This study demon-
strated that both TBI and nTBI patients made signifi cant 
gains in FIM in in-patient rehabilitation overall and across 
different in-patient rehabilitation referral destinations. 
There is a paucity of studies on older adults with nTBI; 

 Table 1:      Characteristics of TBI and nTBI patients discharged from in-patient rehabilitation from acute care, 2003/04 to 2009/10  

Characteristics  Type of Brain Injury 

TBI ( n  = 1,214) (%) nTBI ( n  = 1,530) (%)  

Gender   
 Female 543 (44.7) 714 (46.7) 
 Male 671 (55.3) 816 (53.3) 
Charlson Comorbidity Index Score  
 0–1 (low) 1,018 (83.9) 874 (57.1) 
 2–3 166 (13.7) 468 (30.6) 
 4+ (high) 30 (2.4) 188 (12.3) 
Length of Stay in Acute Care (Days)  
 1–2 13 (1.1) 32 (2.1) 
 3–5 98 (8.1) 140 (9.2) 
 6–11 312 (25.7) 377 (24.6) 
 12+ 791 (65.2) 981 (64.1) 
Length of Stay in In-patient Rehabilitation (Days)  
 1–7 51 (4.2) 38 (2.5) 
 8–13 154 (12.7) 139 (9.1) 
 14–24 272 (22.4) 347 (22.7) 
 25+ 737 (60.7) 1,006 (65.8) 
Number of ALC Days  
 None 661 (54.4) 888 (58.0) 
 1–2 85 (7.0) 119 (7.8) 
 3–5 111 (9.1) 139 (9.1) 
 6–11 176 (14.5) 205 (13.4) 
 12+ 181 (14.9) 179 (11.7) 
Number of Special-Care Days  
 None 696 (57.3) 921 (60.2) 
 1–2 173 (14.3) 200 (13.1) 
 3–5 129 (10.6) 155 (10.1) 
 6–11 95 (7.8) 105 (6.9) 
 12+ 121 (10.0) 149 (9.7) 
Number of Previous ABI Admissions  
 0 936 (77.1) 1,153 (75.4) 
 1 251 (20.7) 307 (20.0) 
 2+ 27 (2.2) 70 (4.6)  

    ABI = acquired brain injury  
  ALC = alternate level of care  
  nTBI = non-traumatic brain injury  
  TBI = traumatic brain injury    
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accordingly, only studies outside of the older-adult lit-
erature have been found to compare FIM of TBI and 
nTBI patients at admission and at discharge. Consis-
tent with these fi ndings (Cullen et al.,  2008 ; Cullen & 
Weisz,  2011 ), this study revealed that TBI patients 
had signifi cantly higher FIM scores at both admission 
and at discharge, and this was true across all referral 

destinations. Finally, studies outside the older-adult 
literature comparing the FIM gain between TBI and nTBI 
patients have been inconclusive. Findings from this 
study showed that the FIM gain between older adults 
with TBI and nTBI was not signifi cantly different, sug-
gesting that both groups of patients made similar gains in 
in-patient rehabilitation and that signifi cant differences 

 Table 2:      Chi-square tests of select demographic and clinical characteristics by type of brain injury  

Characteristics  Type of Brain Injury  p -value 

TBI ( n  = 1,214) (%) nTBI ( n  = 1,530) (%)  

Age (Mean)  77.2 ( SD  = 7.0) 75.5 ( SD  = 6.8) < .0001 
Gender (Female) 543 (44.7) 714 (46.7) 0.3161 
Charlson Comorbidity Index Score (2+) 196 (16.1) 656 (42.9) < .0001 
Length of Stay in Acute Care (12+ Days) 791 (65.2) 981 (64.1) 0.5740 
Length of Stay in In-patient Rehabilitation (25+ Days) 737 (60.7) 1,006 (65.8) < .01 
ALC Day (1+ Days) 553 (45.6) 642 (42.0) 0.0628 
Special-Care Days (1+ Days) 518 (42.7) 609 (39.8) 0.1377 
Number of Previous Acute Care ABI Admissions (1+) 278 (22.9) 377 (24.6) 0.2999 

FIM Scores Mean ( SD ) Mean ( SD )  

FIM Score at Admission  
 Overall 77.8 (22.1) 73.7 (22.6) < .0001 
 Community/Home 81.3 (20.7) 77.7 (20.7) < .001 
 In-patient Rehabilitation Unit/Other In-patient 64.6 (22.7) 58.2 (21.0) < .05 
 Residential Care 66.3 (21.4) 61.7 (21.7) < .05 
FIM Score at Discharge  
 Overall 99.9 (21.1) 95.9 (23.6) < .0001 
 Community/Home 105.5 (15.0) 102.4 (17.9) < .0001 
 In-patient Rehabilitation Unit/Other In-patient 74.4 (27.9) 65.7 (24.8) < .05 
 Residential Care 82.7 (25.0) 77.1 (24.7) < .05 
Absolute Change in FIM Score  
 Overall 21.7 (16.8) 21.5 (16.8) 0.7617 
 Community/Home 24.1 (15.6) 24.7 (15.5) 0.4264 
 In-patient Rehabilitation Unit/Other In-patient 10.3 (22.0) 8.4 (17.1) 0.4972 
 Residential Care 16.2 (16.0) 15.1 (17.9) 0.5428  

    ALC = alternate level of care  
  FIM = total function  
  nTBI = non-traumatic brain injury  
   SD  = standard deviation  
  TBI = traumatic brain injury    

 Table 3:      Comparison of FIM score among TBI and nTBI patients at admission and at discharge by in-patient rehabilitation referral 
destination  

In-patient 
Rehabilitation 
Referral Destination  

Traumatic Brain Injury Non-Traumatic Brain Injury 

Admission 
Mean ( SD ) 

Discharge 
Mean ( SD )

 p -value Admission 
Mean ( SD )

Discharge 
Mean ( SD )

 p -value  

Overall  77.8 (22.1) 99.9 (21.1) < .0001 73.7 (22.6) 95.9 (23.6) < .0001 
Community/Home 81.3 (20.7) 105.5 (15.0) < .0001 77.7 (20.7) 102.4 (17.9) < .0001 
In-patient 
Rehabilitation 
Unit/Other In-patient 

64.6 (22.7) 74.4 (27.9) < .01 58.2 (21.0) 65.7 (24.8) < .01 

Residential Care 66.3 (21.4) 82.7 (25.0) < .0001 61.7 (21.7) 77.1 (24.7) < .0001  

    FIM = total function  
   SD  = standard deviation    
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in FIM score may be due to differences in character-
istics intrinsic to TBI or nTBI patients. 

 Signifi cantly more nTBI patients had higher CCI scores 
and longer lengths of stay in in-patient rehabilita-
tion, suggesting that nTBI patients had more severe 
co-morbidities and that their diagnosis was more severe 
(longer lengths of stay is an indicator of the severity 
of condition) (Canadian Institute for Health Information, 
2009; Newgard et al.,  2010 ). However, other factors such 
as the lack of rehabilitation services specifi cally for nTBI 
patients or the underlying cause of brain injury itself 
may also play a role in the differences between TBI and 
nTBI patients in FIM scores at admission and discharge. 
As such, additional research is required to determine the 
cause of the differences between these two groups of 
patients. Our analysis also informs what clinical staff 
can likely expect in treating a broader range of brain 

injury patients and how to prepare accordingly – for 
more medically complex patients for instance. In par-
ticular, our work suggests that nTBI patients enter in-
patient rehabilitation with lower functional status overall 
and with more severe comorbidities. 

 Findings on FIM scores by discharge destination revealed 
that older adults with TBI and nTBI made signifi cant 
gains in FIM scores regardless of their subsequent 
referral destination at discharge from in-patient reha-
bilitation. Thus, targeted ABI services for older adults 
discharged to non-home settings are important, as they 
may provide these patients with an opportunity to con-
tinue to improve. Moreover, the work described in this 
article provides health care professionals working in 
in-patient rehabilitation and subsequent referral des-
tinations with an idea of the functional status of the 
patients they can expect to see in their health care setting. 

 Table 4:      Comparison of FIM scores between younger adults (19–64 years) and older adults (65+ years)  

FIM Scores  Younger Adults 
(19–64 Years)

Older Adults 
(65+ Years)

 

Mean ( SD ) Mean ( SD )  p -value  

TBI   
FIM Score at Admission  
 Overall 84.3 (27.2) 77.8 (22.1) < .0001 
 Community/Home 85.9 (26.6) 81.3 (20.7) < .0001 
 In-patient Rehabilitation Unit/Other In-patient 68.7 (27.3) 64.6 (22.7) 0.2185 
 Residential Care 55.5 (26.9) 66.3 (21.4) < .001 
FIM Score at Discharge  
 Overall 108.5 (20.1) 99.9 (21.1) < .0001 
 Community/Home 111.2 (16.1) 105.5 (15.0) < .0001 
 In-patient Rehabilitation Unit/Other In-patient 90.5 (28.9) 74.4 (27.9) < .001 
 Residential Care 74.1 (31.6) 82.7 (25.0) < .05 
Absolute Change in FIM Score  
 Overall 24.0 (20.9) 21.7 (16.8) < .05 
 Community/Home 25.3 (21.2) 24.1 (15.6) 0.1680 
 In-patient Rehabilitation Unit/Other In-patient 19.5 (19.5) 10.3 (22.0) < .05 
 Residential Care 18.6 (18.9) 16.2 (16.0) 0.2994 
nTBI  
FIM Score at Admission  
 Overall 79.6 (25.6) 73.7 (22.6) < .0001 
 Community/Home 83.2 (23.8) 77.7 (20.7) < .0001 
 In-patient Rehabilitation Unit/Other In-patient 63.6 (24.7) 58.2 (21.0) < .05 
 Residential Care 58.7 (25.3) 61.7 (21.7) 0.2046 
FIM Score at Discharge  
 Overall 101.9 (23.6) 95.9 (23.6) < .0001 
 Community/Home 106.8 (18.3) 102.4 (17.9) < .0001 
 In-patient Rehabilitation Unit/Other In-patient 77.6 (28.3) 65.7 (24.8) < .001 
 Residential Care 73.9 (29.2) 77.1 (24.7) 0.2511 
Absolute Change in FIM Score  
 Overall 21.8 (17.5) 21.5 (16.8) 0.6192 
 Community/Home 23.6 (16.7) 24.7 (15.5) 0.1131 
 In-patient Rehabilitation Unit/Other In-patient 13.7 (19.8) 8.4 (17.1) < .05 
 Residential Care 15.4 (17.3) 15.1 (17.9) 0.8709  

    FIM = total function  
  TBI = traumatic brain injury  
   SD  = standard deviation    
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For example, health care providers in other in-patient 
rehabilitation units can expect to see older adults with 
lower discharge FIM scores. 

 Of particular importance is that even though younger 
adults with TBI and nTBI who were discharged home 
from in-patient rehabilitation had signifi cantly higher 
FIM scores at admission and at discharge compared to 
older adults discharged home, the absolute change in 
FIM score was not signifi cantly different, suggesting 
that these patients make similar gains in rehabilitation. 
This fi nding provides support for the referral of older 
adults to in-patient rehabilitation. 

 Our study utilized data from the Ontario ABI Data-
set, which captures information on both traumatic and 
non-traumatic brain injury across the entire popula-
tion. The National Rehabilitation Reporting System 
(NRS) data used to capture in-patient rehabilitation 
is not based exclusively on data from large rehabili-
tation hospitals but also includes data from rehabilita-
tion units within acute care hospitals. Thus, the NRS 
includes information on every rehabilitation bed in 
the province of Ontario including both free-standing 
centres and rehabilitation beds in acute care settings. 
Also, older adults included in our study were those 
who were discharged to in-patient rehabilitation from 
acute care. This distinction is important because in-
patient rehabilitation data captured in the NRS use 
Rehabilitation Client Groupings (RCGs). RCG 2 iden-
tifi es patients with brain dysfunction, which includes 
traumatic and non-traumatic brain injury. However, 
sensitivity analyses showed that these patients are 
also captured in other diagnoses such as stroke, spinal 
cord dysfunction, or major multiple trauma. There-
fore, if only RCG 2 were used to identify our sample 
in the NRS, some patients could be missed. By iden-
tifying cases according to patients that had an acute 
care stay in in-patient rehabilitation, we are more likely 
to capture all ABI patients within our years of study. 
Finally, because Ontario accounts for 40 per cent of 
all Canadians (Statistics Canada,  2012c ), fi ndings from 
this study are highly generalizable and can inform other 
provinces in Canada. 

 However, limitations associated with the use of admin-
istrative data must be recognized. Although patients 
with nTBI were signifi cantly older than TBI patients in 
this study, the sample size is large. This difference is 
thus unlikely to be clinically signifi cant. Also, we used 
a relatively conservative defi nition of TBI compared to 
other studies (Faul et al.,  2010 ); therefore, comparisons 
to the international literature should be made with this 
in mind. There is, however, no international consensus 
on the defi nition of both TBI and nTBI using ICD codes, 
which makes cross-study comparisons diffi cult. It is 
acknowledged that patients discharged to in-patient 

rehabilitation in this sample are likely those who are 
considered to most benefi t from in-patient rehabilitation 
by clinicians and, thus, are potentially a select group 
of older patients. Finally, differences in FIM scores 
at admission and discharge between TBI and nTBI 
are smaller than the standard deviation of FIM scores 
among TBI and nTBI patients. Accordingly, it is acknowl-
edged that the TBI and nTBI patients in this study are a 
diverse group. 

 Nonetheless, this study provided evidence to suggest 
that older age should not be a barrier to accessing in-
patient rehabilitation services for patients with ABI, as 
they have the potential to achieve signifi cant changes 
in functional status. This is supported by the fi nding 
that older and younger adults discharged home from 
rehabilitation make similar gains, despite younger adults 
having signifi cantly higher FIM scores at admission 
and at discharge. Older adults are the fastest growing 
segment of the population, and they should be con-
sidered candidates for in-patient rehabilitation on the 
basis of this evidence. Also, research into understanding 
why nTBI patients have signifi cantly lower FIM scores 
should be conducted, and rehabilitation services for 
patients with brain injury should take into account 
these differences in order to provide the best service 
possible for patients with TBI and nTBI. Finally, research 
specifi c to older adults is important and can inform 
the need for capacity of rehabilitation services for this 
age group.    
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