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Functional Level During the First Year After Moderate and
Severe Traumatic Brain Injury: Course and
Predictors of Outcome
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Abstract

Background: The objective of this study was to describe the func-
tional level during the first year after moderate and severe traumatic
brain injury (TBI), and to evaluate the predictive impact of pre-
injury and injury-related factors.

Methods: A cohort of 65 patients with moderate (N =21) or severe
(N = 44) TBI were examined with FIM (Functional Independence
Measure) at admission and discharge from the rehabilitation clinic
(on average two months after injury) and at 12 months, and with
GOSE (Glasgow Outcome Scale Extended) at 12 months after in-
jury. Possible predictors were analyzed in a regression model using
FIM total score at 12 months as outcome.

Results: All mean FIM scores improved significantly from injury
to discharge from sub-acute rehabilitation. In the later period from
discharge to 12 months after injury, the mean FIM motor score im-
proved in severe TBI but not in moderate TBI patients. The mean
FIM cognitive scores did not improve in any of the groups. At 12
months, 95% with moderate TBI had a FIM score from 109 - 126
(functionally independent) compared to 74% with severe TBI.
Functional global outcome as assessed by GOSE was “good recov-
ery” in 52% with moderate TBI versus 33% in severe TBI, “mod-
erate disability” in 33% with moderate TBI versus 31% in severe
TBI, and “severe disability” in 14% with moderate TBI versus 36%
in severe TBI. Predictors such as PTA duration (B = -0.209), GCS
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admission rehabilitation (B = 5.058) and LOS rehabilitation (B =
0.458) explained 47% of the FIM variance 12 months post injury.

Conclusions: The greatest improvement after moderate and severe
TBI was in the sub-acute phase during the stay in a specialized
rehabilitation unit. Residual disability was reported in 47% of mod-
erate TBI patients as measured by GOSE at 12 months post injury
indicating the importance of post-acute rehabilitation for these pa-
tients. Longer stays at the rehabilitation unit, a short PTA period
and a high GCS score at admission to rehabilitation were positive
predictors of functional level (FIM) at 12 months follow-up dem-
onstrating that these factors are common predictors of early and
late TBI phases.

Keywords: Level of function; Global outcome; Rehabilitation;
Traumatic brain injury

Introduction

Functional outcome prediction after traumatic brain injury
(TBI) is important for rehabilitation professionals to direct
treatment efforts and for patients and families who need in-
formation about long-term implications [1]. Defining and
evaluating predictors that influence functional outcome has
therefore been a goal of clinical treatment within rehabilita-
tion medicine [2]. Predictive modelling is however difficult
due to the numerous complex clinical elements that occur
and interplay after TBI [2].

Several factors are reported to correlate with recovery
and functional long-term outcome: duration of post-traumat-
ic amnesia (PTA) [1], Glasgow Coma Scale (GCS) score [3],
length of coma (LOC) [3], age, race and violent injury [1].
PTA seems to be the strongest predictor of outcome [1, 3].

Prediction of long-term functional outcome after TBI
is still uncertain, especially among the moderately injured,
since most studies report on outcome after severe TBI [1-3].
In a previous study of functional level during sub-acute re-
habilitation, we found that a considerable portion of patients
with moderate TBI had residual disability at discharge from
sub-acute rehabilitation [4]. In the present study, we have
followed a patient cohort with moderate and severe TBI for
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12 months after injury. The reason why we conducted this
study was limited investigation in this field in our region.
In general, there are several recently published retrospective
studies that comprise long-term recovery after moderate and
severe TBI [5-7]. But prospective studies on functional re-
covery and outcome are limited [8, 9]. Studies from different
countries are required to provide “better understanding of
regional, national and international differences and needs in
the area of brain injury rehabilitation” [10].

The purpose of this study was to describe the course of
functional recovery during the first 12 months after moder-
ate and severe TBI as measured by Functional Independence
Measure (FIM), and to examine the global outcome at 12
months as evaluated by Glasgow Outcome Scale Extended
(GOSE). We also wanted to examine the influence of various
factors as predictors on FIM outcome at 12 months.

Materials and Methods
Subjects

We considered for inclusion consecutive patients with TBI
admitted directly from acute care hospitals to the Clinic for
Rehabilitation in Kristiansand in the period from December
2005 to November 2008.

During the autumn 2005, we gave lessons about classi-
fication of TBI to doctors at Sorlandet Hospital and encour-
aged them to transfer all patients with moderate and severe
TBI to rehabilitation. Exclusion criteria were age < 16 years,
TBI classified as mild (as defined by the American Congress
of Rehabilitation Medicine (ACRM)) [11], vegetative state
(no response indicative of consciousness during the rehabili-
tation stay), and serious co-morbidities which would have
interfered with assessment of TBI related impairments such
as associated spinal cord injuries, previously diagnosed se-
vere psychological disorders, and/or substance abuse. Veg-
etative state was listed as an exclusion criterion since the
Regional Committee for Medical Research Ethics did not
approve written consent certified by a close relative if the pa-
tient was disabled from signing. Patients were admitted from
Sorlandet Hospital (the regional acute hospital with three lo-
cations in Southern Norway) where they, after intensive care,
had acute rehabilitation in either a Neurology department (31
patients) or a Surgery department (18 patients). Three TBI
patients were admitted directly from a Level 1 trauma center
at Oslo University Hospital, Ulleval.

We also included 13 patients from a cooperation proj-
ect treated in a specific rehabilitation unit at Oslo University
Hospital, Ulleval (a Level I trauma center). This project is a
similar follow-up study of TBI patients from Eastern Nor-
way where the same exclusion criteria were applied. Five of
the 13 included patients had moderate TBI. Written consent
was obtained from all participants. The Regional Commit-
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tee for Medical Research Ethics approved the study. Our re-
search was approved by the committee on research ethics
at the institution in which the study was conducted and in
accordance with the Declaration of the World Medical As-
sociation.

Sub-acute rehabilitation

All patients received interdisciplinary brain injury rehabilita-
tion given by a specialized rehabilitation team: physiatrist,
nurse, physiotherapist, occupational therapist, speech thera-
pist, psychologist, neuropsychologist and social worker.
Their focus was to optimize recovery of functional inde-
pendence and educate the patients and their families regard-
ing TBI consequences and their management. In general,
discharge from rehabilitation was decided when patients
reached a functional plateau of clinical improvement or
achieved their functional goals.

Post-acute rehabilitation

A specialized brain injury rehabilitation team from our
Clinic for Rehabilitation provided assistance and education
to patients and their rehabilitation programmes at home and
in other institutional settings. Home visits and assessments
were made three months after discharge from our Clinic for
rehabilitation. Fifty-two patients received this form of post-
acute rehabilitation.

Follow-up

Home visits and assessments of FIM and GOSE scores were
made 12 months after injury. If requested by the patients or
considered necessary, regular contact by telephone and home
visits with our specialized rehabilitation team was scheduled.
Face-to-face interviews were administrated for 13 patients
included from the Level 1 trauma center.

Independent variables

The following baseline information was recorded in all pa-
tients: gender, age, marital status (alone/live with), educa-
tion (< 12/> 12 years), previous head injuries (yes/no), place
of acute care (neurology department/surgery department/
level 1 trauma center), injury mechanism (traffic accidents,
falling, violence/sports/other), injury localization extracted
from the clinical description of the head CT scan (frontal/
non-frontal region) [12], injury severity (severe/moderate),
other injuries (none/> 1), complications (none/> 1), alcohol/
drug influence at time of injury (yes/no), length of stay in
acute hospital (LOS acute), length of stay in rehabilitation
hospital (LOS rehab), PTA duration, Glasgow Coma Scale
(GCS) at admission to acute hospitalization (GCS acute),
and GCS at admission to the rehabilitation unit (GCS rehab).
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Table 1. Pre-Analyses of Patient Characteristics in Relation to FIM 12 Months After Injury

Predictor N (%) FIM 12 months (SD) Corr* P-value

Place of acute care

Regional hospital 48 (76) 113 (£ 26) 0.229

Level 1 trauma center 15 (24) 119 (x21)
Rehab team (yes/no) 50(79)/13 (21) 112 (£28)/125(+ 4) 0.101
Gender M/F 48 (76)/15 (24) 115 (£ 23)/111 (£ 32) 0.280
Age 63 (100) -0.072 0.575
Civil status (alone/live with) 30 (48)/32 (52) 117 (£ 19)/112 (£ 30) 0.670
Education (< 12/> 12) 24 (52)/22 (48) 116 (£ 25)/122 (£ 17) 0.943
Alcohol/drug (yes/no) 17 (16)/43 (26) 120 (+ 16)/113 (£ 26) 0.140
Other injuries (none/> 1) 38 (60)/25 (40) 121 (+ 16)/110 (£ 29) 0.067
Complications (none/> 1) 15 (29)/37 (71) 117(£ 19)/106 (£ 36) 0.015

Injury severity
Moderate TBI 21 (33) 123 (£ 13) <0.001
Severe TBI 42 (66) 110 (= 29)

Injury mechanism

Traffic accidents 32 (51) 114 (£ 28) 0.424
Falling 23 (37) 112 (£ 25)
Violence, sports, other 8 (13) 126 (£ 1)

Injury localization

Frontal 17 (28) 115 (£25) 0.699

Non-frontal 43 (72) 116 (£23)
PTA duration (days) 63 (100) -0.512 <0.001
LOS acute 63 (100) -0.357 <0.004
LOS rehab 63 (100) -0.397 <0.001
GCS acute 62 (100) -0.377 <0.002
GCS rehab 63 (100) 0.536 <0.001
FIM adm 63 (100) 0.588 <0.001
FIM disch 63 (100) 0.708 <0.001

Numbers are given as mean values if not otherwise indicated. M/F: Male/Female; PTA: Post-Traumatic Amnesia; LOS acute:
Length of Stay acute hospitalization; LOS rehab: Length of Stay in rehabilitation hospital; GCS acute: Glasgow Coma Scale
acute hospitalization; GCS rehab: Glasgow Coma Scale in rehabilitation hospital; FIM Adm/Disch: Functional Independence
Measure Admission/Discharge. * Spearman’s Rank Order Correlation. N = 63 due to missing FIM values in 2 out of 65 sub-
jects. Missing 17 responses in the education predictor. Missing 11 responses in the complication predictor.
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We included patients with moderate and severe TBI and
excluded those with mild TBI. Mild TBI was defined by an
initial GCS of 13 - 15, change in mental status without loss
of consciousness (LOC), or LOC up to 30 minutes and PTA
up to 24 hours, as suggested by ACRM [11]. Moderate TBI
was defined by GCS of 9 - 12 and LOC more than 30 min-
utes, but less than 6 hours. Patients with clinical features of
mild TBI, but who had traumatic CT pathology were up-
graded to moderate TBI. Severe TBI was defined by GCS
of < 8 and LOC more than 6 hours. After collecting data we
upgraded the severity from mild to moderate in 6 patients
with CT pathology and 4 patients from moderate to severe
where extended LOC suggested a more severe injury than
indicated by the GCS. We were not able to obtain GCS score
in one of the patients.

PTA duration was defined as the interval in days between
injury and obtaining a “normal” score on the Galveston Ori-
entation and Amnesia Test (GOAT) [13]. The GOAT 10-item
scale, evaluates the major spheres of orientation (time, place,
and person) and the ability of the patient to recall personal
information and facts about recent events following injury.
As such the GOAT assesses temporal orientation concerning
the day of week, day of month, year, and time of day. A total
score of 76 - 100 indicates that a person is oriented, while a
total score of 65 or less indicates impaired orientation [13].
In-between scores are considered borderline. GOAT assess-
ment was performed by a hospital psychologist.

Outcome variables

FIM was used to measure functional levels at admission and
discharge from sub-acute rehabilitation as well as 12 months
after injury. The FIM is an 18-item rating scale assessing
self-care, bowel and bladder management, mobility, com-
munication, cognition, and psychosocial adjustment [14].
Each item is rated on a scale from 1 (total assistance) to
7 (complete independence) [15]. The FIM consists of two
subscales, FIM Motor (FIM-M) and FIM Cognitive (FIM-

COQG). The FIM-M consists of 13 items of motor function
and movement (score range 13 - 91) and the FIM-COG 5
items regard the processing of information, interaction with
others, and communication (score range 5 - 35), giving a to-
tal FIM score range of 18 to 126. A total FIM score (sum
of FIM-M and FIM-COG) of < 108 indicates limitation in
activities and need for assistance from another person while
scores of 109 - 126 indicate functional independence. The
FIM has previously been shown to be both valid and reli-
able for measuring functional outcome after TBI [16]. The
FIM scoring was performed by a certified interdisciplinary
team (physician, nurse, occupational therapist, and physio-
therapist) during the first week after admission and the last
week before discharge and at 12 months follow-up. For this
study, differences of 2 or more FIM units were considered to
be clinically important [17].

The GOSE measures a combination of neurological
functioning and dependence on others with eight outcome
categories ranked 1 to 8: score 8 = good recovery, score 7 =
good recovery with minor physical or mental deficits, score
6 = moderate disability and return to previous work with
some adjustments, score 5 = moderate disability and work
at a lower level of performance, score 4 = severe disability
and for some activities dependent upon others, score 3 = se-
vere disability and completely dependent on others, score 2
= vegetative state, score 1 = death [18]. The GOSE has been
reported to be a good method for assessment of upper range
of outcome, and sensitive for detection of good recovery or
moderate disability in moderate TBI [19]. The GOSE scor-
ing was performed as face-to-face interviews by a certified
interdisciplinary team (physician, nurse, occupational thera-
pist, and physiotherapist) 12 months after injury.

Statistical analysis
FIM variables from three assessment periods in moderate

and severe TBI groups were compared statistically using
Mixed Model Analyses and Friedman test for comparison

Table 2. Results of Multiple Regression Analysis With FIM

Variable B Coefficient (95% CI) P-value
Constant 32.195 (-7.673 - 72.062) 0.111
Gender -8.013 (-19.313 - 3.286) 0.161
PTA duration -0.211 (-0.391 - -0.031) 0.022
LOS rehab 0.419 (0.059 - 0.778) 0.023
GCS rehab 5.234 (2.476 - 7.993) <0.001
FIM adm 0.180 (-0.082 - 0.441) 0.174

Adjusted R Square for the model: 0.474.

*Number of patients, N = 63.
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Table 3. Functional Measures at Admission, Discharge and 12 Months After Moderate or Severe TBI

Adm rehab. (= SD)

Disch rehab. (= SD)

12 months (= SD) P-value

Moderate TBI (n = 21)

FIM total 109 (x21)

FIM-M 82 (+ 15)

FIM-COG 27 (£ 8)
Severe TBI (n = 44%*)

FIM total 81 (+5)

FIM-M 60 (= 4)

FIM-COG 22 (£2)

124 (3)

91 (£9)

33 (£ 3)

101 (+ 5)

75 (+ 4)

28 (+2)

0.005%*
0.009%**

1.000%****
0.018%**

0.083%*x*

1.000Q%
<0.001**

< 0.001%**
1.000%***

123 ( 13)

89 (+9)

34 (+4)

<0.001**
< 0.001%**

0.005%*#*
<0.001%*

<0.001%**
0.050%*#*
0.005%*
<0.001%**
1.000%*#*

113 (= 29)

83 (+ 4)

29 (+2)

Values are given as mean if not otherwise specified. FIM total: Functional Independence Measure total score (best score 126);
FIM-M: FIM Motor sub-score (best score 91); FIM-COG: Cognitive sub-score (best score 35). P-values are given with post hoc
Bonferroni correction. * N = 42 at 12 months follow-up. ** P-value between adm rehab and disch rehab. *** P-value between
adm rehab and 12 months follow-up. **** P-value between disch rehab and 12 months follow-up.

of individual changes within the severity groups from re-
habilitation admission to one year after injury [20]. GOSE
results in both severity groups were compared statistically
using Chi-square.

The dependent variable in our regression analysis was
FIM 12 months after injury. The patient characteristics con-
sidered for use as independent variables are shown in Table
1. These independent variables were compared to FIM 12
months after injury by using Spearman’s Rank Order Cor-
relation, Kruskall-Wallis Test, Mann-Whitney U Test, In-
dependent Samples T-test or ANOVA. In the pre-analyses
subjects were divided into two groups of either acute treat-
ment at a general surgery department (48 subjects) or a
neurosurgery intensive care department (15 subjects). FIM
score at admission to sub-acute rehabilitation was included
as a covariate to adjust for the baseline level. Independent
variables of clinical importance or with P values < 0.05 in
pre-analyses were then entered into a multiple linear regres-
sion model to quantify their predictive impact on FIM at dis-
charge. Initially, 11 variables of clinical interest or P < 0.05
were entered in the multiple regression analysis (gender, age,
drug/alcohol, injury severity, PTA duration, LOS acute, LOS
rehab, GCS acute, GCS rehab, FIM adm, other injuries).
Complications were not included as a predictor because of
11 missing responses. Due to a conservative approach of al-
lowing one predictor for every 10 participants (n = 62), the
6 variables with lowest P-values were re-entered (Table 2).
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Variables that were strongly correlated to another variable (r
> 0.7) were as a rule excluded from analysis in the regression
model. In the model, all variables were controlled for collin-
earity (VIF), distribution of the residuals for normality and
influential data points were examined using Cook’s distance.
Tests for multicollinearity and bias were negative. None of
the variables were less than five or greater than 10, indicating
no presence of multicollinearity or bias. All data were ana-
lysed using SPSS version 15.0 and results were considered
significant at the P < 0.05 level.

Results

Sixty-five patients (21 with moderate and 44 with severe
TBI) were included initially. One patient was excluded be-
cause of vegetative state. No patients were excluded because
of psychological disorders and/or substance abuse, but 17
patients were influenced by alcohol/drugs at the time of in-
jury. In the FIM and GOSE analyses at 12 months the num-
ber of subjects was reduced to 63 due to missing values in
two patients.

Demographics and severity of TBI

Our 65 patients had mean age 41 + 18 years, 50 (77%) were
males and 15 (23%) females. Patients with moderate and se-
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Injury severity: Mod TBI (left) vs. Sev TBI (right)
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Figure 1. Individual FIM scores in moderate and severe TBI patients.

vere TBI were similar regarding civil status (P = 0.328) and
education (P = 0.585). Falls accounted for 48% of the inju-
ries in the moderate TBI group as compared to 34% in severe
TBI (P = 0.465). Traffic accidents accounted for 38% versus
54% (P = 0.465), and sports and violence for 14% versus
11% (P = 0.465), respectively. The types of intracranial in-
juries were subarachnoid bleedings (20% in moderate TBI
versus 32% in severe TBI, P =0.421), contusions (15% ver-
sus 46% respectively, P = 0.187), subdural hematoma (14%
versus 32% respectively, P = 0.919), intracranial bleedings
(11% versus 14%, P = 0.413), edema (8% versus 12%, P =
0.697), epidural hematoma (5% versus 17%, P =0.509), and
diffuse axonal injury (0 versus 11%, P=0.035). At discharge
from the rehabilitation clinic, 5 percent of patients with mod-
erate TBI were still in PTA phase versus 16% in those with
severe TBI (P =0.020). Mean PTA duration in days was 11 +
14 versus 44 + 44 (P < 0.001).

Length of stays and discharge place

Transfer to the specialized rehabilitation unit took place,
on average 28 + 24 days post-injury (range, 3 - 126). Mean
length of sub-acute rehabilitation stay was 28 + 23 days for
all patients (range, 4 - 96). The average lengths of stay of pa-
tients with severe TBI were significantly longer both in acute
and rehabilitation settings (P < 0.001, P = 0.005). Among
patients with moderate TBI, 100% were discharged to their
homes. Among patients with severe TBI, 61% were dis-
charged to their homes, 27% to nursing homes and/or other
care facilities, and 11% to other local rehabilitation facilities.
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Measurements of functional recovery

Mean FIM scores at admission and discharge from sub-acute
rehabilitation and at 12 months after injury in moderate and
severe TBI patients are shown in Table 3. All mean FIM
scores improved significantly from admission to 12 months
in both groups. The total FIM score improved more in the
severe than in the moderate TBI group (32 versus 14 points,
P <0.001).

All mean FIM scores in both moderate and severe TBI
groups improved significantly from admission to discharge
from sub-acute rehabilitation. However, in the period be-
tween discharge from rehabilitation and 12 months after in-
jury, there was no further improvement in any FIM score in
the moderate TBI group. Severe TBI patients improved in
FIM total and FIM-M, but not in FIM-COG.

Individual FIM scores in moderate and severe TBI pa-
tients are shown in Figure 1. The majority in both groups
improved during the period from discharge from rehabilita-
tion to 12 months follow-up, but three severe TBI patients
were unchanged and two patients (one with severe and one
with moderate TBI) became more impaired due to secondary
TBI complications during this period (Fig. 1). At 12 months
follow-up, 95% of moderate TBI patients had a FIM-score
from 109 - 126 (functionally independent) one year after in-
jury compared to 74% of those with severe TBI. The major-
ity of moderate TBI patients reached full FIM-M sub-score
(86%), and three quarters of them reached full FIM-COG
score. Twelve percent of the severe TBI patients had a score
<72 one year after injury.
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Figure 2. The distribution of GOSE outcome in moderate and severe TBI patients.

Functional global outcome for the whole group as as-
sessed by GOSE at 12 months was “good recovery” in 40%,
“moderate disability” in 32% and “severe disability” in 29%.
The distribution of GOSE outcome in moderate and severe
TBI is shown in Figure 2. As expected the outcome distri-
bution was significantly shifted towards better recovery and
less severe disability in the moderate TBI group (P < 0.05).
The outcome was “good recovery” in 11/21 (52%) with
moderate TBI versus 14/42 (33%) in severe TBI, “moderate
disability” in 7/21 (33%) with moderate TBI versus 13/42
(31%) in severe TBI, and “severe disability” in 3/21 (14%)
with moderate TBI versus 15/42 (36%) in severe TBI.

Predictors of functional recovery (FIM total score) 12
months after injury

The influence of factors entered into the final multiple re-
gression analysis is shown in Table 2. We identified three
variables that were significant predictors of FIM total scores
12 months after injury: GCS at admission to sub-acute reha-
bilitation, PTA duration, and LOS in the rehabilitation unit.
The adjusted R square was 0.47 meaning that PTA duration,
GCS admission rehabilitation and LOS rehab explained half
of the FIM variance at 12 months. The B coefficient was
positive for GCS at admission to rehabilitation and LOS re-
hab and negative for PTA, meaning that a higher GCS at ad-
mission, a shorter PTA, and a longer stay in the rehabilitation
unit equated to better functional level 12 months after injury.
GCS admission rehabilitation score had the largest influence
(B =5.058), followed by LOS rehab (B = 0.458), and PTA
duration (B =-0.209).

Discussion

In this study, we have quantified the time course and magni-
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tude of recovery during the first year after TBI in a cohort of
63 patients with moderate (N = 21) or severe (N = 42) TBI.

The functional level, as assessed by mean FIM im-
proved significantly during the first 12 months after injury.
The greatest improvement was from admission to discharge
in the sub-acute rehabilitation phase, on average two months
after injury. It is expected from the natural course after TBI
that most of the spontaneous recovery from injury happens
initially [21]. Previous studies have documented by neuro-
psychological assessment that cognitive recovery after mod-
erate and severe TBI is more rapid the first 5 months after
injury and continues at a slower rate the next 7 months [22].

During the period from discharge from the rehabilitation
clinic, to 12 months after injury, there was an improvement
in mean FIM motor score in severe TBI but not in moder-
ate TBI patients. Mean scores of cognitive function did not
improve in any of the groups. The lack of statistically signifi-
cant improvement in these mean FIM scores may in part be
due to a low number of patients, since individual total scores
improved in the majority of both moderate and severe TBI
patients (Fig. 1). As reported in the literature, the FIM was
developed to track progress in functional status during inpa-
tient rehabilitation and has a ceiling effect at one-year post
injury [23]. Lack of improvement in the later phase found in
this study may also in part be due to the fact that FIM is not
sensitive enough to detect changes in either upper functional
level or light cognitive dysfunction [21].

Most previous studies on post-TBI prognosis focus on
severe or mild TBI. Moderate TBI is less well studied, and
many cases are probably never referred to rehabilitation hos-
pitals. We have previously shown that a considerable portion
of moderate TBI patients had significant residual disability,
largely cognitive, at discharge from sub-acute rehabilitation
hospital [4]. In this study we show that half of them had
moderate or severe disability evaluated by GOSE 12 months
after injury. The proportion of severe disability is in accor-
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dance with the study by Whitnal et al. (2006) [24]. How-
ever, in a recent Norwegian study on neuropsychological and
functional recovery, no moderate TBI participant had severe
disability at 12 months after TBI. This may be due to the
fact that patients that were not able to be tested sub-acutely
because of prolonged PTA were excluded [9].

The lack of significant improvements in cognitive func-
tion after discharge from sub-acute rehabilitation may reflect
the limitations in measuring change in FIM-COG sub scores
in later phase TBI. However, our results raise a question of
whether more intensive rehabilitation than what we offered
is needed during the post-acute phases after TBI. After dis-
charge from sub-acute rehabilitation, our patients were of-
fered standardized visits from our specialized brain injury
rehabilitation team at three months post-discharge and 12
months post-injury. In addition, the majority of our patients
were offered visits, telephone contact, assistance and educa-
tion by the interdisciplinary team at home or in other insti-
tutional settings when considered necessary. It is a question
whether a more intensive specialized rehabilitation program
could have resulted in greater functional recovery at 12
months.

We have recently shown that longer stays in the rehabili-
tation unit, a short PTA period and a high GCS score at ad-
mission to rehabilitation are positive predictors of functional
recovery at discharge from sub-acute rehabilitation [4]. This
study shows that the same factors are predictors of functional
outcome at 12 months after injury. GCS at admission to reha-
bilitation turned out to be the strongest predictor (B = 5.058).
This may implicate that GCS score at admission to rehabili-
tation is a strong predictor of outcome after TBI, in addition
to PTA which has been reported as the strongest predictor in
other studies [1, 3].

The GCS is the most widely used clinical measurement
of TBI severity [25]. GCS scores in the acute phase provide
guidance for early care and prediction of early outcome such
as mortality and morbidity [25-29]. GCS is also used in
predicting late global outcome such as functional level and
return to employment [31, 32]. There is controversy about
which GCS score should be recorded since interventions in
the early medical management of moderate and severe TBI,
may complicate GCS assessment and provide inaccurate
prognostic predictions for some patients [25, 32].

PTA is the interval from injury to return of orientation
or continuous memory [3]. In our regression analysis PTA
duration turned out to be a weak predictor of functional level
(B =-0.209) at 12 months after injury. In contrast to this,
others have found PTA duration to be the strongest predic-
tor of functional outcome, and more predictive than GCS at
rehabilitation admission [33-35]. Still, its predicative accu-
racy and clinical utility are limited by the large outcome vari-
ability [2, 34, 36-40]. In a study of Sherer et al. (2008), two
PTA durations of 4 and 8 weeks emerged as global outcome
threshold points that should aid prognosis accuracy after TBI
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[3].

A longer stay in the rehabilitation unit was associated
with a better functional level one year after injury (B =
0.458). This agrees with a report from Cowen et al. (1995)
who found that longer inpatient rehabilitation (LOS) was as-
sociated with significantly higher gains in both FIM-M and
FIM-COG scores [41]. A logical circular argument may be
that longer stays are also associated with a more serious in-
jury and a lower starting point. The regression model should
ideally correct for this and show the role of LOS as an inde-
pendent predictor of functional level. Overall, a longer stay
may increase the spontaneous recovery magnitude [4].

GOSE is often considered to be a better assessment on
long-term global function after TBI than FIM as the GOSE
measures impairments, activity limitations and participation
restrictions while the FIM measures activity limitations in
motor and self-care skills. In agreement with this, our re-
sults showed some discrepancy between functional level as
assessed by GOSE and FIM at 12 months, especially in the
group with moderate TBI. By using GOSE we found that
47% of our moderate TBI patients were still moderately or
severely disabled at 12 months, whereas FIM detected re-
duced cognitive scores in only 24% and motor scores in 14%.
Further, 95% of moderate TBI patients had a mean FIM total
score indicating functional independence, while only 52% of
the moderates achieved good recovery as assessed by GOSE
at 12 months.

We think it is important to look at the moderately injured
as one group and not combined groups of mild-moderate or
moderate-severe. For the moderately injured most reports
are made in the 1980s, and outcome was often determined
at 3 and 6 months after injury. Follow-up studies beyond
that period are lacking [42]. Also, commonly used outcome
scales fail to measure outcome in mild and moderate TBI as
they assess functional disability more than cognitive deficits
[42]. Our results may however support those studies which
demonstrate that although neuropsychological impairment
at baseline usually resolves within three months, moderately
injured may still have selective cognitive deficits (attention
and memory) one year after injury [9, 18, 42, 43]. Finally, no
agreement has been made on the predictive value of the GCS
score and the PTA duration on outcome among moderately
injured [44].

One limitation of this study was the small sample size.
However, a strength was the few drop-outs. Another limi-
tation may be the ceiling effect experienced when measur-
ing cognitive function with FIM. Neuropsychological tests
would have been preferable for a better description of cog-
nitive functional recovery after TBI. One should be careful
in generalizing our results with the overall TBI population
as our cohort was limited to those considered as in need of
specialized TBI rehabilitation. Many with moderate TBI are
probably discharged from the acute hospital directly to their
homes because they do not report TBI related problems in
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need of further follow-up.
Conclusion

Functional recovery (FIM) improved during the first year af-
ter moderate and severe TBI. The greatest improvement was
in the sub-acute phase during the stay in a specialized reha-
bilitation unit. There was no improvement in cognitive func-
tion after discharge from sub-acute rehabilitation as evalu-
ated by mean FIM scores, and only the severe TBI group
improved their motor function. Residual disability was
reported in 47% of moderate TBI patients as measured by
GOSE at 12 months post injury indicating the importance of
follow-up and rehabilitation for these patients. Longer stays
at the rehabilitation unit, a short PTA period and a high GCS
score at admission to rehabilitation were positive predictors
of functional level (FIM) at 12 months follow-up. Our re-
sults may suggest a need for more intense cognitive training
and rehabilitation overall in the post-acute TBI phase. The
results may help guidance in planning, research, treatment,
and decision making of required services for outpatient reha-
bilitation after TBI.
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