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Trajectory of Functional Independent Measurements
during First Five Years after Moderate and Severe
Traumatic Brain Injury
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Abstract

A better understanding of long-term functional recovery process for patients with traumatic brain injury (TBI) facilitates
effective rehabilitations. The aim of this study was to classify and characterize patients with moderate-to-severe TBI based
on their functional trajectories up to 5 years post-injury. The study included 121 patients with moderate-to-severe TBIs
(International Classification of Diseases, Tenth Revision [ICD-10], S06.0-S06.9), 16-55 years of age, and admitted at
Trauma Referral Hospital within 24 h of injury between 2005 and 2007. Demographics and injury characteristics were
documented at the admission, and functional status was recorded at 3 months and 1 and 5 years post-injury using Functional
Independence Measure motor (FIM-M) and cognitive (FIM-C) subscales. We used group-based trajectory models to classify
patients’ functional trajectories over a 5-year period. For FIM-M, three trajectories were identified: 8.2% of patients showed
stable low recovery (13.6x1.5, 17.9+8.8, and 21.0+17.9), 9.2% elevated good recovery (35.8+14.5, 75.5+12.4, and
85.5%£8.1), and 82.6% stable good recovery (89.0£3.6,90.3+1.9, and 90.8+1.0) at the three follow-up points, respectively.
For FIM-C, four trajectories were revealed: 4.1% of patients showed stable low recovery (5.0+0, 5.0+0, and 5.0£0), 12.6%
delayed moderate recovery (8.9+3.5, 20.6£4.6, and 28.3+3.8), 28.7% elevated good recovery (27.0+3.8, 30.4+7.3, and
31.1+2.3), and 54.6% stable good recovery (32.8+2.3, 34.61 1.0, and 34.7+ 1.0). The results suggest that three FIM-M and
four FIM-C trajectories described various patterns of functional recovery 5 years after moderate-to-severe TBI, with stable
good recovery being the most common trajectory. Identifying and characterizing the trajectory memberships should enable
targeted rehabilitation programs, inform patient-centered care, and improve long-term outcomes.
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Introduction

RAUMATIC BRAIN INJURY (TBI) is a leading cause of long-term
disability affecting all ages and demographics.'~ In the Uni-

ted States alone, it is estimated that 3.2 million people are living
with TBI-related disability subsequent to a TBI-related hospitali-
zation."*® Similarly, in the European Union, approximately 7.7
million people are living with disabilities caused by TBIL.”® The
disability post-TBI, particularly for persons with moderate-to-
severe injuries, tends to be multi-dimensional, including cognitive
and physical difficulties that could potentially last for a lifetime."
A rich body of literature on long-term outcomes post-TBI has
shown that a significant number of TBI survivors carry functional
disability long after the initial injury and such disability varies sig-

nificantly among individuals.’™'® Moreover, studies have suggested
that patients with moderate-to-severe TBI could experience a slow or
plateaued recovery in the functional measures of the Extended
Glasgow Outcome Scale (GOS-E)'® or the Functional Independence
Measures (FIM™),'®2° approximately 1 year or even earlier post-
injury.>"*> These findings point to the chronic effects of TBI that can
affect a person’s health and social environment long after acute
medical treatment and rehabilitation,? raising an important question
as to whether patients with disability receive the support and reha-
bilitation they need over time.

Whereas research results generated so far have helped describe
the long-term recovery process for patients with moderate-to-
severe TBI, further identification of subgroups of patients with
continuing needs of assistance would be an important step to
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facilitate more effective rehabilitation intervention programs. From
a clinical point of view, this means 1) allocation of more rehabili-
tation (and research) resources to patients targeted with less opti-
mistic recovery trajectories to enhance rehabilitation to further
improve recovery programs, 2) development of tailored rehabilita-
tion intervention programs targeting the unmet needs and relevant
clinical trajectories beyond the post-acute phase, and 3) further re-
search, preferably randomized controlled trials, to evaluate the ef-
fectiveness of patient-centered rehabilitation programs and cost-
effectiveness in different recovery trajectory groups. These are
continuous and parallel processes. To better understand the hetero-
geneity of long-term physical and cognitive functional recovery
processes for patients with TBI, this study applied a group-based
trajectory modeling (GBTM) approach to classify and characterize
patients with moderate-to-severe TBI based on their functional tra-
jectories during the first 5 years post-injury. Given the distinctiveness
of cognitive and physical recovery, we examined the trajectories for
these functions separately and compared the baseline and in-hospital
care characteristics between the identified trajectories.

Methods
Design and participants

The study was a prospective cohort study conducted in the Eastern
Norway, Oslo University Hospital. The hospital provides healthcare
services for approximately one half of the Norwegian population (2.8
million residents). Patients with moderate-to-severe TBIs who were
consecutively admitted to Oslo University Hospital were screened
between 2005 and 2007 for study eligibility. Details of the original
design were described elsewhere.'® Briefly, the study inclusion cri-
teria were 1) age between 16 and 55 years, 2) residents of the east
region of Norway, 3) Glasgow Coma Scale (GCS)** 3-12, and 4)
admitted with International Classification of Diseases, Tenth Revi-
sion (ICD-10) diagnoses S06.0-S06.9 within 24h of injury. Al-
though 160 patients met the inclusion criteria, 27 were excluded
because of serious pre-injury comorbidities (e.g., neurological dis-
orders or injuries, severe psychiatric disorders), coexisting conditions
(e.g., spinal cord injuries), and substance abuse disorder. This study
further excluded 12 subjects who later withdrew or were lost to
follow-up; therefore, 121 participants were included in the present
study.

Process

All study participants provided a written informed consent at the
study entry. For those who were unable to consent initially, the
consents were first obtained from a close relative or legal guardian
and then from the participant, when possible. If the participants
were <18 years of age, their parents’ consents were obtained.
Baseline data on patient demographics, injury characteristics, and
medical history were documented at the study admission. From the
original study, 88 study participants had valid measures of post-
traumatic amnesia (PTA) measurements and the measures were
dichotomous at the mean value (i.e., 0-3 vs. >3 weeks). All patients
had an acute computed tomography (CT) head scan followed by a
second control scan between 6 and 12 h post-injury. All CT scans
were assessed and categorized by the same neuroradiologist ac-
cording to the Marshall CT classification,? and the “worst” scan
result was used for classification. Length of in-hospital stays (LOS)
in days were recorded as LOS in the intensive care unit (ICU), total
LOS in the trauma center, and rehabilitation unites. All patients
received neurosurgical and/or ICU care in the acute setting whereas
60% of patients received post-acute brain injury rehabilitation
services in order to optimize recovery, increase functional inde-
pendence in personal and domestic activities of daily life, restore
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social participation, and minimize the distress of the patient as well
as of the caregivers.”

Patients’ functional status was followed and assessed at 3
months and 1 and 5 years post-injury at the outpatient department.
The study was approved by the Regional Ethics Committee for
Medical Research in the East of Norway and the Norwegian Data
Inspectorate.

Outcome measurement

For this study, the outcome of interest was the patients’ func-
tional status up to 5 years post-injury, which was measured through
the FIM instrument®’ and by the FIM-certified raters. The instru-
ment is a well-established and widely used tool for measuring the
degree of a patient’s disability and grade of assistance required to
carry out activities of daily living (ADL). It includes 18 items, and
each item is scored on a 7-point ordinal scale, where 1 indicates
complete dependence and 7 indicates complete independence in
ADL. The instrument can also be grouped into two subscales: FIM
motor tasks (FIM-M) and FIM cognitive tasks (FIM-C). The FIM-
M and FIM-C subscales include 13 items and five items, and the
sum of each scale will be a value between 13 and 91 (FIM-M) or
between 5 and 35 (FIM-C).

Statistical analysis

Two sets of analyses were carried out to classify the patient sub-
groups based on their functional trajectories during the first 5 years
post-TBI and to characterize these subgroups. In the first set, GBTM
was used through the SAS Proc Traj procedure®®?’ to identify the
patient subgroups who shared the same functional profiles (i.e.,
measures of FIM-M and FIM-C subscales) over time. Subjects with
missing outcome data were included in the analysis, but only available
data for each subject were used. Models with different trajectory
shapes and a varying number of classes were compared to find the
model that best fit the data. Polynomial orders, Bayesian Information
Criterion (BIC), logged Bayes factor (2ABIC),, and substantive
knowledge were used to determine the shapes and groups of the
trajectories over the 5-year period.

In the Proc Traj procedure, the maximum polynomial order is a
quadratic form, thus the model-building process began with a
model consisting of one group with a quadratic degree polynomial
and then increasing the group numbers until the number of groups
that best fit the data was identified based on the model selection
criteria. For the model-building process, BIC was used to assess the
improvement in model fit gained by adding more parameters (e.g.,
more groups or more complexed trajectory shapes), but also pe-
nalizing models with more parameters. When two models were
compared, the larger BIC value would be chosen. If the fit of two
models was the same, the simpler model would be chosen.*® Fur-
ther, 2ABIC was used to select a meaningful model improvement in
the process. The 2ABIC, or an approximation of the logged Bayes
factor, could be interpreted as the degree of evidence favoring the
more complex model.***' When two models were compared, a
difference of 10 in 2ABIC would be considered as a meaningful
difference.*?

In the second set of analyses to characterize the trajectory mem-
berships, chi-square test or analysis of variance was used to compare
the differences in demographic and injury characteristics measured at
baseline and the FIM-M and FIM-C scores at 3 months and 1 and 5
years post-injury. Bonferroni’s correction was applied to counteract
type 1 errors attributed to multiple comparisons. For this analysis,
subjects with missing outcome data were included in the analysis, but
no imputation was done and only available data for each subject were
used. The analyses for comparing membership trajectories were
performed using SAS software (version 9.4; copyright [c] 2002—
2012 by SAS Institute Inc., Cary, NC).



1598

Results

The FIM total score for all study participants was 104.6 £34.4
at 3 months, 113.6£27.1 at 1 year, and 118.3+22.1 at 5 year post-
injury.

Identification of subgroup functional trajectories

Three trajectories of physical functional recovery (FIM-M sub-
scale) were identified at 3 months, 1 year, and 5 years (Fig. 1), with
8.2%, 9.2%, and 82.6% patients assigned to the three groups, re-
spectively. Four trajectories of cognitive functional recovery (FIM-C
subscale) were identified over the same three time points (Fig. 2),
with 4.1%, 12.6%, 28.7%, and 54.6% patients assigned to the four
groups, respectively.

The model fitness statistics for identifying these trajectories are
shown in Table 1. For the FIM-M subscale, the model with three-
class memberships was selected as the best model because it pre-
sented the larger BIC value (—466.7) than the model with two-class
memberships and showed a meaningful improvement over the two-
class model (2ABIC=62.2). Similarly, for the FIM-C subscale,
both models with four- and five-class memberships presented larger
BIC values and showed meaningful improvement than other four
models (2ABIC >10), but the model with five-class memberships
was considered less clinically meaningful. Therefore, the model
with four-class memberships was considered as the best model.

Comparisons of the FIM-M and FIM-C measures at 3 months and
1 and 5 years among the trajectory groups are shown in Table 2. For
the FIM-M subscale, three trajectories of function were identified:
Group 1 (8.2%) showed stable low recovery (13.6+1.5, 17.9+8.8,
and 21.0+17.9), group 2 (9.2%) showed elevated good recovery
(35.8+14.5, 75.5+12.4, and 85.5+8.1), and group 3 (82.6%)
showed stable good recovery (89.0+3.6, 90.3+1.9, and 90.8+1.0)
at the three follow-up points, respectively. For the FIM-C subscale,
four trajectories of function were revealed over time: Groupl (4.1%)
showed stable low recovery (5.0£0, 5.0£0, and 5.0£0), group 2
(12.6%) showed delayed moderate recovery (8.9%3.5, 20.6+4.6,
and 28.313.8), group 3 (28.7%) showed elevated good recovery
(27.013.8,30.417.3, and 31.1%2.3), and group 4 (54.6%) showed
stable good recovery (32.8£2.3, 34.6+1.0, and 34.7£1.0) at the
same three follow-up points.
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FIG. 1. Three trajectories of the motor function 5 years after
moderate-to-severe traumatic brain injury. The motor function
was measured through the FIM-Motor subscale, and the trajec-
tories were identified by a group-based modeling. FIM, Functional
Independence Measure.
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FIG. 2. Four trajectories of the cognitive function 5 years after
moderate-to-severe traumatic brain injury. The cognitive function
was measured through the FIM-Cognitive subscale, and the tra-
jectories were identified by a group-based modeling. FIM, Func-
tional Independence Measure.

Comparison of trajectory memberships

To characterize the trajectory groups, the baseline demographics
and characteristics of injuries and in-hospital care by the trajectory
groups were compared as shown in Table 3. For four trajectories of
cognitive functional groups, no significant differences were ob-
served in the patients’ mean age, sex, cause of injury, and mean
measures of injury severity score and abbreviated injury scales
among the groups. However, statistically significant differences were
observed only in PTA (<=3 vs. >3 weeks), GCS measures (severe
TBI, GCS 3-8 vs. moderate TBI, GCS 9-12), and CT classifications
(diffuse injury I-II, diffuse injury with swelling or shift III-IV, or
mass lesion with or without evacuation V-VI), although some pa-
tients do not have information on PTA. In general, severe TBI, as
defined by the GCS at study admission (GCS 3-8), was associated
with the stable low and delayed moderate recovery trajectories (i.e.,
groups 1 and 2); whereas moderate TBI (GCS 9-12) was associated
with the elevated and stable good recovery trajectories (i.e., groups 3
and 4). For the worst CT classification at study admission, all patients
that were assigned to the stable low recovery trajectory (group 1) had
CT classification III-1V; the majority of patients in delayed moderate
recovery trajectory (group 2) had CT classification III-VI; and the
stable good recovery trajectory (group 4) tended to have CT classi-
fication I-II or V-VI. The characteristics of in-hospital care (i.e., the
length of ICU, trauma center, and rehabilitation unit stays), which
again were indicators of injury severity, were significantly different
among the trajectory groups. Apparently, the longer the patients had
to stay in these care units, the worse the recovery trajectory mem-
berships to which they would be assigned. Similar trends were ob-
served in the baseline demographics and characteristics of injuries
and in-hospital cares by three motor functional recovery trajectories.

Discussion

To our knowledge, the present study is the first to examine FIM
trajectories longitudinally up to 5 years after moderate-to-severe
TBI in Scandinavian countries. Using the FIM-M and FIM-C
subscales and GBTM, this study identified three motor functional
and four cognitive trajectories. Regarding the motor function tra-
jectories (Fig. 1), the high motor function group (group 3) had a
relatively stable motor score at approximately 90 across all three
follow-up points. The low motor function group (group 1) started
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TABLE 1. MODEL FIT STATISTICS FOR SELECTING
THE OPTIMAL NUMBER OF LATENT TRAJECTORY CLASSES

Null

Model BIC  model 2*ABIC % class membership

FIM-Motor subscale

1-Class —550.0 100.0
2-Class —497.8 1 104.4 14.0/86.0
3-Class —466.7 2 62.2 8.2/9.2/82.6
FIM-Cognition subscale

1-Class —957.8 100.0
2-Class —682.7 1 550.2 17.3/82.7
3-Class —673.1 2 19.2 4.4/15.7/79.9
4-Class —639.5 3 67.2 4.1/12.6/28.7/54.6
5-Class  —629.7 4 19.6 4.1/12.1/17.1/29.9/36.9
6-Class —634.8 5 -10.2  4.1/11.3/12.8/7.1/27.4/37.3

2*ABIC =Logged Bayes Factor, or 2 times difference in BICs between
an alternative (more complex) and a null (simpler) models.

The 3-Class for FIM-Motor subscale and 4-Class for FIM-Cognition
subscale have the best model fit to describe the optimal number of latent
trajectories.

FIM, Functional Independence Measure; BIC, Bayesian Information
Criterion.

with total need of assistance at 3 months, had some improvement up
to 1 year, and slight improvement up to 5 years, whereas group 2
started with moderate assistance at 3 months before a speedy im-
provement up to 1 year, and improvement continued at the 5-year
follow-up toward a modified and complete independence. Re-
garding the cognitive function trajectories (Fig. 2), the high cog-
nitive function group (group 4) showed a rather steady modified or
complete independence in activities measured at 3-month and 1-
and 5-year follow-up points. Group 2 was the one with the most
improvement, which started with a low 3-month score, before
having a steep improvement up to 1 year and the improvement
continued up to 5 years post-injury. Group 3 began with the need of
supervision at 3-month measurements and then improved to mod-
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ified independence at 1- and 5-year follow-ups. On the other hand,
the small proportion of patients in the low cognitive function group
(group 1) had a stable need of total assistance measured across all
follow-up points without improvement.

With respect to the demographic and injury characteristics at
acute hospital admission and their relation to the identified func-
tional trajectories, our results suggest that the lower cognitive and
motor functional trajectories were mostly associated with injury
severity-related characteristics. For instance, patients who shared
the lower cognitive trajectory or FIM-C measures post-injury were
in general more likely to have severe TBI, longer PTA time, and
require longer rehabilitation stay and overall hospital stays.
Moreover, patients who were differentiated to the lower cognitive
trajectory subgroups were more likely to have diffuse injury with
shifted or decompressed cisterns, whereas patients with higher
cognitive trajectories were more likely to have simple diffuse in-
juries or mass lesions with or without surgical evacuations. Similar
patterns were also observed with regard to the relation between
injury characteristics and motor function trajectories or FIM-M
measures, although more than 90% of patients had good physical
recovery at 1 year post-injury.

Recently, several U.S.-based, large-size longitudinal studies also
looked at the long-term recovering trajectories for patients with
TBI. Two studies from the U.S. National Traumatic Brain Injury
Model Systems described temporal patterns of global outcomes
after moderate or severe TBI using GOS-E* and Disability Rating
Scale (DRS).34 Both applied an individual growth curve modeling
(GCM) approach to model the interindividual differences in re-
covery over time. The results suggested that the trajectory of GOS-
E scores is best described with a model of quadratic change, in
which scores initially increase and peak approximately 10 years
after the first GOS-E assessment and then decrease.>> Baseline age,
race, and FIM score at rehabilitation admission and rehabilitation
length of stay were found to not only influence the trajectory of
GOS-E, but also the trajectory of DRS.>*** Given that GCM ap-
proach models mean trends in changes across time and individual
departures from the average trend, it may not be sufficient to

TABLE 2. FUNCTIONAL OUTCOMES BY TRAJECTORY GROUPS (n=121)

Trajectory groups*

Mean (SD)
FIM-Motor subscale
Group 1 Group 2 Group 3 Total

Follow-up points 8.2% 9.2% 82.6% 100.0% p value
3 month 13.6 (1.5)*>¢ 35.8 (14.5)*>¢ 89.0 (3.6)*"¢ 71.7 (25.4) <0.0001
1 year 17.9 (8.8)P< 75.5 (12.4)%0¢ 90.3 (1.9)>< 83.1 (20.6) <0.0001
5 year 21.0 (17.9)*¢ 85.5 (8.1)*¢ 90.8 (1.0)*¢ 86.4 (16.8) <0.0001

FIM-Cognitive subscale

Group 1 Group 2 Group 3 Group 4 Total

4.1% 12.6% 28.7% 54.6% 100.0% P value
3 month 5.0 (0)°¢ 8.9 (3.5)%¢ 27.0 (3.8)><d 32.8 (2.3)~bed 27.0 (9.4) <0.0001
1 year 5.0 (0)*bcd 20.6 (4.6)~>4 29.9 (3.1)bed 34.6 (1.0)~><d 30.4 (7.3) <0.0001
5 year 5.0 (0)*P<d 28.3 (3.8)~Ped 31.1 (2.3)*bed 34.7 (1.0) ~Ped 31.9 (5.9) <0.0001

*For comparing the mean FIM-Motor subscales by the trajectory groups, the Bonferroni adjustment was set at the level of 0.008; whereas for
comparing the Mean FIM-Cognitive subscales, the adjustment was set at the level of 0.004, for between-subjects differences respectively.

Significant difference from group 1; Psignificant difference from group 2;

SD, standard deviation; FIM, Functional Independence Measure.

“significant difference from group 3; Ysignificant difference from group 4.



TABLE 3. BASELINE AND IN-HOSPITAL CARE CHARACTERISTICS BY TRAJECTORY GROUPS (n=121)

Trajectory groups N (%)

FIM-Motor subscale

Group 1 Group 2 Group 3 Total
Characteristics 8.2% 9.2% 82.6% 100% p value
Demographics
Age? 29.5 (12.5) 33.8 (14.7) 324 (11.4) 32.3 (11.7) 0.74
Sex
Males 6 (6.5) 6 (6.5) 81 (87.1) 93 (76.9) 0.65
Females 2 (7.1) 3(10.7) 23 (82.1) 28 (23.1)
Cause of injury
Motor vehicle accidents 7 (10.0) 7 (10.0) 56 (80.0) 70 (57.9) 0.38
Fall 1(3.5) 1(3.5) 27 (93.1) 29 (24.0)
Violence/others 0 (0) 1 (4.6) 21 (95.5) 22 (18.2)
Injury severity
GCS
3-8 8 (9.0) 9 (10.1) 72 (89.9) 89 (73.6) 0.03
9-12 0 (0) 0 (0) 32 (100.0) 32 (26.5)
Injury severity score® 424 (12.2) 34.4 (9.5) 30.0 (13.5) 31.1 (13.5) 0.03
Abbreviated injury scale® 4.9 (0.4) 4.7 (0.7) 4.4 (0.9) 4.4 (0.9) 0.29
PTA®
<=3 weeks 0 (0.0) 0 (0.0) 51 (100.0) 51 (58.0) 0.002
>3 weeks 0 (0.0) 7 (18.9) 30 (81.1) 37 (42.1)
CT classification
Diffuse injury (I-1I) 1(2.2) 0 (0.0) 44 (97.8) 45 (38.8) 0.01
Diffuse injury with swelling or shift (III-IV) 5.1 8 (14.6) 42 (76.4) 55 (47.4)
Mass lesion with/out evacuation (V-VI) 2 (12.5) 1(6.3) 13 (81.3) 16 (13.8)
In-hospital care
Length of ICU stay (days)* 23.8 (6.2) 13.9 (8.6) 7.4 (7.4) 9.8 (8.3) <0.0001
Length of trauma center stay (days)® 40.3 (15.3) 19.6 (13.4) 9.8 (10.3) 14.0 (13.4) <0.0001
Length of rehabilitation stay (days)® 95.3 (34.9) 68.8 (39.9) 20.8 (31.2) 35.6 (41.2) <0.0001
FIM-Cognitive subscale
Group 1 Group 2 Group 3 Group 4 Total
4.1% 12.6% 28.7% 54.6% 100% p value
Demographics
Age? 27.0 (5.4) 35.1 (14.9) 31.6 (11.4) 324 (11.5) 323 (11.7) 0.66
% Sex
Males 3.2 8 (8.6) 20 (21.5) 62 (66.7) 93 (76.9) 0.33
Females 1 (3.6) 4 (14.3) 9 (32.1) 14 (50.0) 28 (23.1)
Cause of injury
Motor vehicle accidents 4 (5.7) 9 (12.9) 18 (25.7) 39 (55.7) 70 (57.9) 0.19
Fall 0 (0) 2 (6.9) 9 (31.0) 18 (62.1) 29 (24.0)
Violence/others 0 (0) 1(4.6) 2.1 19 (86.4) 22 (18.2)
Injury severity
GCS
3-8 4 (4.5) 12 (13.5) 25 (28.1) 48 (53.9) 89 (73.6) 0.005
9-12 0 (0) 0 (0) 4 (12.5) 28 (87.5) 32 (26.5)
Injury severity score® 45.3 (3.3) 335 (8.3) 32.0 (11.9) 29.7 (14.6) 31.1 (13.5) 0.12
Abbreviated injury scale® 5.0 (0.0) 4.8 (0.6) 4.7 (0.6) 4.3 (1.0) 4.4 (0.9) 0.11
PTA®
<=3 weeks 0 (0.0) 0 (0) 11 (21.6) 40 (78.4) 51 (58.0) <0.0001
>3 weeks 0 (0.0) 7 (18.9) 17 (46.0) 13 (35.1) 37 (42.1)
CT classification
Diffuse injury (I-II) 0 (0) 2(2.2) 12 (26.7) 32 (71.1) 45 (38.8) 0.008
Diffuse injury with swelling or shift (III-1V) 4(7.3) 8 (14.6) 14 (25.5) 29 (52.7) 55 (47.4)
Mass lesion with/out evacuation (V-VI) 0 (0) 3 (18.8) 3 (18.8) 10 (62.5) 16 (13.8)
In-hospital care
Length of ICU stay (days)® 23.8 (6.2) 13.9 (8.6) 12.6 (7.4) 7.4 (7.4) 9.8 (8.3) <0.0001
Length of trauma center stay (days)® 40.3 (15.3) 19.6 (13.4) 19.2 (13.4) 9.8 (10.3) 14.0 (13.4) <0.0001
Length of rehabilitation stay (days)® 95.3 (34.9) 68.8 (39.9) 52.2 (45.1) 20.8 (31.2) 35.6 (41.2) <0.0001

“Mean and standard deviation.
°Eighty-eight patients had measures of PTA.

GCS, Glasgow Coma Scale; PTA, post-traumatic amnesia; CT, computed tomography; ICU, intensive care unit; FIM, Functional Independence

Measure.
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capture interindividual variability if all individuals in a population
are not truly following a similar recovery trend. Thus, the results of
these two studies may have a limited implication for individuals
outside the model system setting or following different recovery
trajectories.

Another recent U.S. national study>” applied latent class mixture
modeling (or GBTM)**~* to describe the FIM motor and cognitive
trajectories among 16,583 individuals who received inpatient re-
habilitation services for TBI. The study identified three unique
trajectories for both motor and cognitive FIM scores across the
period of inpatient rehabilitation admission, discharge, and study
follow-up. The average study follow-up time was 10323 days
post-discharge. The results also showed that individuals in the
lower motor trajectory were more likely to be racial/ethnic minority
and had older age, Medicare or Medicaid coverage, comorbid
conditions, open TBI, and greater duration from injury date to re-
habilitation admission date. Similarly, individuals in the lower
cognitive trajectory were more likely to be male and racial/ethnic
minority and have younger age, Medicare or Medicaid, comorbid
conditions, and greater duration admission. Of notable limitations,
the study did not include any direct measure of injury severity such
as GCS, PTA, or CT/magnetic resonance imaging findings, making
it difficult to distinguish the heterogeneity of the targeted patient
population at acute phase and limit the external applicability of the
study results.

Similar to the modeling approach by Howrey and colleagues,®
our study also applied GBTM to identify the trajectories of FIM-M
and FIM-C measures up to 5-years post-injury. Comparing with the
GCMs, an important distinction of GBTMs is that the model does
not assume a one-size-fits-all model for characterizing the devel-
opment change over time. The underlining model assumption is
that the population is composed of a mixture of distinct groups
defined by their development trajectories. Therefore, GBTMs may
appear more attractive to clinical researchers as they provide em-
pirical means of identifying patients’ subgroups after both typical
and atypical courses of development.®’ It is worth noting another
related modeling approach that is commonly used to describe the
development trajectories in research: the growth mixture modeling
(GMM) approach.*® GMM applies a finite mixture modeling to
GCM so that two or more GCMs are used to model separate
populations following a different development trajectory. Com-
parisons of techniques and usages among these modeling ap-
proaches are discussed in detail by Daniel S. Nagin and Candice
L. Odgers.*”

In addition to the modeling approach, compared with the study by
Howrey and colleagues,* our study found that acute GCS score, CT
classification of injury severity, longer PTA time, and lengthy hos-
pital stays (ICU, trauma center, and rehabilitation units) were the
most important factors associated with long-term motor and cogni-
tive function trajectories. However, age and sex were not found to be
significantly associated with function trajectories in the present study.
Our study sample was relatively small with a skewed gender distri-
bution (77% males) and limited age span (1655 years), which could,
in part, explain the lack of association. Further, the functional tra-
jectories modeled in this study had a very limited follow-up period,
which makes it difficult to describe functional status beyond that time
period. Our study found that the largest improvement in function was
from 3 months to 1 year (e.g., FIM-M and FIM-C measures from the
patients who were assigned to group 2 trajectories), and after 1 year
such improvement was at a much slower pace up to the 5-year follow-
up. However, additional long-term prospective studies are warranted
to replicate these findings in larger samples.
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Several other studies have also examined long-term FIM-M
and FIM-C measures post-TBI. A study by Nakase-Richardson
and colleagues®® followed 108 individuals with severe TBI
from the rehabilitation discharge to the 1-, 2-, and 5-year
follow-up points. The average FIM-M scores were improved
from 25 at discharge to 77 at 1l-year follow-up, with some
further improvement to 81 at 2-year and 82 at 5-year follow-
ups. The average FIM-C scores improved from 10 at discharge
to 25 at 1-year follow-up, before stabilizing at 27 at both 2- and
5-year follow-ups. These average scores are rather similar to
those of our study population. A large-size U.S. study>® fol-
lowed 1-year survivors after moderate-to-severe TBI (n=7728)
up to 20 years post-injury. They found an average long-term
FIM total score of 114.0 (standard deviation [SD], 19.6), but
only 16% of individuals in total had reached the maximum
score of 126. For comparison, the average FIM total score of
our study population was 118.3 (SD, 22.1) at a 5-year follow-
up. Another U.S./Danish study?* investigated individual growth
curves of FIM total scores in 202 individuals with severe TBI
during inpatient rehabilitation, and found that a slower recovery
was associated with older age, longer coma, and interruptions to
rehabilitation.

The current study is an extension of a TBI research project.
Several limitations inherent from the original design need to be
acknowledged when interpreting the results. First, the original
study was initiated in 2005, and results might have been different if
the study had been initiated in more recent years. However, it is
worth mentioning that our study population received standard acute
care and in-hospital rehabilitation services*” during the acute and
post-acute phase, and that those services have been provided in our
hospital consistently during the last 10 years. Moreover, our study
results were compatible with the recent study finding from a large-
size U.S. patient population®® and used a similar analytical ap-
proach, albeit with different lengths of follow-up. Our study results
further supplemented long-term typical and atypical functional
recovery processes after moderate and severe TBI. In a clinical
setting, the results also support assessment of FIM during sub- and
post-acute phase (e.g., 3 and 12 months post-injury) to enable early
trajectory classification in individuals with moderate and severe
TBI to facilitate better patient centered-care and tailored rehabili-
tation programs.

Second, although the study population was representative to the
patients with moderate-to-severe TBI from the southeast region of
Norway, the inclusion and exclusion criteria from the original
study, particularly the patients’ age range at the study admission
(between 16 and 55 years old) and geographical setting, may limit
this study’s ability to generalize the finding to a broader patient
population and healthcare settings. Third, the present study only
captured acute treatment and in-hospital rehabilitation service
provided to this cohort during the acute and post-acute phase.
Ideally, the course and content of rehabilitation provided in a 5-year
period should be described given that these services would impact
the study outcomes. However, this was beyond the scope of this
study. Finally, the sample size was too small to test predictors in the
trajectories. The total sample size was 121, and only 94 patients had
outcome data at all three follow-up time points. Therefore, the
study could be statistically underpowered. Future study with a
larger sample and prospective design is needed to verify the find-
ings of this study and to account for factors other than baseline
characteristics, such as information on the access to care, current
rehabilitation practice, and family and societal support during long-
term follow-up.
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Conclusion

The findings from the present study support the notion that pa-
tients with moderate-to-severe TBI follow different recovery tra-
jectories, with the stable good recovery being most common (FIM-M
subscale, 82.6%; FIM-C subscale, 54.6%). The largest improvement
in functional ability was found from 3 months to 1 year post-injury;
thereafter, the function generally improved at a much slower pace up
to the 5-year follow-up. Identifying and characterizing patient sub-
groups with specific functional trajectories and in need of assistance
and intervention after acute and subacute care is an important first
step to build efficient intervention programs that are tailored to meet
individual patient needs, inform patient-centered care, and ultimately
improve long-term outcomes post-TBI.
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