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Abstract

Objective—To examine trajectories of functional recovery following rehabilitation for Traumatic 

Brain Injury (TBI).

Design—Prospective study.

Setting—Inpatient rehabilitation hospitals in the Uniform Data System for Medical 

Rehabilitation (UDSMR).

Participants—A subset of Individuals receiving inpatient rehabilitation services for TBI in 

2002–2010 who also had post-discharge measurement of functional independence (N=16,583).

Interventions—Inpatient rehabilitation.

Main Outcomes Measures—Admission, discharge, and follow-up data were obtained from the 

UDSMR. We used latent class mixture models to examine recovery trajectories for both cognitive 

and motor functioning, as measured by the Functional Independence Measure (FIM) instrument.

Results—Latent class models identified three different trajectories (low, medium, high) for both 

cognitive and motor FIM scales. Factors associated with membership in the low cognition 

trajectory group included younger age, male, racial/ethnic minority, Medicare or Medicaid (vs. 

commercial or other insurance), comorbid conditions, and greater duration from injury date to 

rehabilitation admission date. Factors associated with membership in the low motor trajectory 

group included older age, racial/ethnic minority, Medicare or Medicaid coverage, comorbid 

conditions, open head injury, and greater duration to admission.

Conclusion—Standard approaches to assessing recovery patterns following TBI obscure 

differences between subgroups with trajectories that differ from the overall mean. Select 

demographic and clinical characteristics can help classify patients with TBI into distinct functional 

recovery trajectories, which can enhance both patient-centered care and quality improvement 

efforts.
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INTRODUCTION

Traumatic brain injury (TBI) is an important health issue in the United States. An estimated 

1.7 million TBIs occur in the United States every year resulting in 1.4 million ER visits, 

275,000 hospitalizations and 52,000 deaths.1 TBI-related hospitalizations demonstrate a tri-

modal distribution by age; rates are substantially higher in children aged 0 to 4 years, older 

adolescents aged 15 to 19 years and adults 65 years and older.1, 2 The leading cause of TBI 

in children and adults is unintentional falls.1, 2 The Centers for Disease Control and 

Prevention reported in 2006 that falls cause approximately half (50.2%) of the TBIs among 

children aged 0 to 14 years, compared with 60.7% among adults aged 65 years and 

older.21, 2

Recovery following TBI is variable. Individuals with similar trauma may not experience 

similar functional gains over time.3, 4 While inpatient rehabilitation following TBI results in 

improvements in functional independence,5 survivors are often left with lasting deficits in 

cognitive, emotional and physical functioning;6, 7 moderate to severe disability is common.8 

Factors associated with differences in functional recovery include age, race/ethnicity and 

variations in the intensity of post-acute care. In children with mild TBI, recovery prospects 

are favorable9; however, children with more severe injury are at risk of long term deficits in 

executive function and neurobehavioral and cognitive impairment.10, 11 Older adults with 

TBI typically have longer lengths of stay, show less improvement in function,12, 13 and are 

less likely to be discharged to community settings.14–16 Racial and ethnic differences in 

outcomes following TBI17, 18 may be due to differences in the intensity and/ or type of post-

acute care received18–20. Provider quality may also influence long term recovery21.

Latent class mixture models are commonly used to assess developmental trajectories in 

psychology and behavioral sciences. This technique is designed to identify unique 

trajectories within a study population without a priori assumptions regarding group 

membership.22, 23 These subgroups are unobserved in traditional, group-mean based models. 

In this study we examined functional recovery following inpatient rehabilitation in a national 

TBI sample using both traditional linear mixed models and latent class trajectories. We 

hypothesized that functional recovery following TBI would be non-linear and that 

heterogeneous subpopulations could be identified. Discriminating TBI subpopulations may 

help target contextualized treatments to maximize individual functional recovery.

DATA AND METHODS

Data Source

The Uniform Data System for Medical Rehabilitation (UDSMR) is the largest non-

governmental database for medical rehabilitation outcomes in the US. Approximately 70% 

of inpatient rehabilitation facilities (freestanding inpatient rehabilitation hospitals or acute 
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hospital-based rehabilitation units) in the US use UDSMR services. About 25–43% of 

UDSMR subscriber facilities collect follow-up information from patients as part of their 

quality assurance or improvement programs. Among facilities with TBI patients, 18 to 26% 

provided follow-up data. Follow-up information is collected three to six months post-

discharge using phone interviews of the patients or care givers by professional staff trained 

in administering the Functional Independence Measure (FIM). The mean follow-up time was 

103 days (SD = 23). The reliability and stability of functional assessment by telephone 

interview has been established24. We included only individuals with defined open or closed 

traumatic brain injury and not cases of multiple injuries. We also excluded 4 cases where sex 

could not be determined. Detailed information on the follow-up data collected by UDSMR 

(2002 – 2010) is available in a report by Graham and colleagues25.

Dependent Variable

Functional status was measured by the FIM instrument, an 18 item composite measure 

covering 6 areas of functional independence: communication, cognition, self-care, sphincter 

control, transfer and locomotion. Each item is rated on a 7 point scale (1: complete 

dependence to 7: complete independence). The FIM instrument has been shown to be valid 

and reliable.26,27 We examined Cognitive FIM (5 items, range 5–35) and Motor FIM (13 

items, range13–91) subscales. FIM ratings were assessed at three time points: admission to 

inpatient rehabilitation, discharge, and at follow-up. Patients were then assigned to trajectory 

groups based on their FIM ratings at each time measurement (described below).

Covariates

Demographic characteristics included gender, race/ethnicity (white, black, Hispanic, other), 

marital status (married/not married), and payer (Medicare/Medicaid, Commercial, Other). 

Age was included as a categorical variable (<45, 45–64, 65–74, 75+); discrete age was not 

available across all calendar years. Comorbidities were assessed using the CMS comorbidity 

tier classification.27 This system groups comorbidities based on their anticipated impact on 

service utilization during the inpatient rehabilitation stay,12 resulting in ranked, cost-based 

tiers: tier 1 (high), tier 2 (medium), tier 3 (low), and tier 0 (no comorbidity). In 2012, there 

were 8 comorbid conditions in tier 1, 11 in tier 2, and 924 in tier 3.28 Injury type was 

included as open vs. closed head injury. Duration from onset to rehabilitation admission was 

measured in days from the date of injury to the date of admission to inpatient rehabilitation. 

We also included a variable for the 10 Centers for Medicare and Medicaid Services regions 

to account for regional variation in outcomes. CMS regions are designated as : Boston 

(Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont), New York 

(New Jersey, New York, Puerto Rico, Virgin Islands), Philadelphia (Delaware, District of 

Columbia, Maryland, Pennsylvania, Virginia, West Virginia), Atlanta (Alabama, Florida, 

Georgia, Kentucky, Mississippi, North Carolina, South Carolina, Tennessee), Chicago 

(Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin), Dallas (Arkansas, Louisiana, 

New Mexico, Oklahoma, Texas), Kansas City (Iowa, Kansas, Missouri, Nebraska), Denver 

(Colorado, Montana, North Dakota, South Dakota, Utah, Wyoming), San Francisco 

(Arizona, California, Hawaii, Nevada, Pacific Territories), Seattle (Alaska, Idaho, Oregon, 

Washington). Follow-up varied by region and ranged from an average of 6% of TBI cases in 

the Boston region to 23% of cases in the Seattle region.
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Descriptive statistics and modeling

Sample characteristics were compiled and compared between included and excluded patients 

(ANOVA and Chi squares). Distinct trajectories of functional status were developed using 

latent class mixture models.29, 30 Each trajectory is modeled with its own functional form 

(e.g., linear, quadratic) and direction simultaneously. The models were created using the 

user-written Stata procedure, “traj”30. Because the FIM rating is bounded by an upper and 

lower limit, FIM ratings were modeled as censored normal distributions using a tobit 

regression. Separate trajectories were developed for cognitive and motor functioning.

Model selection was determined by comparing Bayesian information criterion (BIC) 

between models. A 2× change in BIC approximates the log of the Bayes factor31 and allows 

for comparisons of both the number of trajectories and functional forms of each trajectory. 

We compared models with one to six trajectories and tested the significance of the trajectory 

functional forms. Model adequacy was further assessed by examining posterior probabilities 

of group membership with 70% being acceptable. This approach identified three quadratic 

trajectories for both cognitive and motor FIM. All analyses were performed using Stata13 

mp software (StataCorp. 2013. College Station, TX).

RESULTS

The 2002–2010 UDSMR data included 199,928 TBI patients; only those with follow-up 

information were included in the analyses (n=16,583). Table 1 describes the characteristics 

of the final sample as well as those excluded. Compared to those excluded from the study, 

patients in the final sample were more likely to be younger than 45 years, married, and 

white; have Medicaid, commercial, or other insurance; live in western regions of the United 

States (Chicago, Kansas City, Denver, San Francisco, and Seattle); and have a tier 2 

comorbidity and higher functional status at both admission and discharge. Conversely, the 

included group was less likely to be older than 74 years, female, black, and Hispanic; have 

Medicare insurance; live in eastern regions of the United States (Boston, New York, 

Philadelphia, Atlanta, and Dallas); have a tier 1 comorbidity and closed head injury; and 

they also experienced shorter lengths of stay on average. There was no significant difference 

between groups in duration from injury to rehabilitation admission.

Figure 1 plots the grand mean (double line) as well as the unique trajectory groups for 

cognitive (upper panel) and motor (lower panel) FIM ratings. In all cases FIM ratings 

increased over time. Three unique trajectory groups were identified for both cognitive and 

motor FIM. The low group had the lowest admission FIM ratings with relatively little 

improvement over time. The moderate group had admission FIM ratings just below the 

population mean, but the values were equitable by follow-up. The high group had the 

highest FIM rating at all three assessment periods. Posterior probabilities of group 

membership were generally high ranging from 88–91% for cognitive to 84–93% for motor 

FIM.

Table 2 summarizes trajectory group characteristics for cognitive and motor FIM and 

provides comparisons of frequencies (chi square) and means (ANOVA) across groups. While 

there were significant differences across all three trajectory groups, we highlight the 

Howrey et al. Page 4

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



differences between the high and low trajectory groups below. When comparing the low and 

high cognitive FIM trajectory groups, patients in the low group were more likely to be 

younger than 45 years, black, Hispanic, and other race/ethnicity; have Medicaid and other 

payers; live in Atlanta and San Francisco; have a tier 1 and tier 2 comorbidity; and 

experience much longer durations from injury to rehabilitation admission and longer lengths 

of stay in rehabilitation. In turn, the high cognitive trajectory group was more likely to be 65 

years or older, female, married, and white; have Medicare coverage; live in New York, 

Philadelphia, Kansas City, and Seattle; have no tier comorbidity and tier 3 comorbidity; and 

exhibit higher functional status at all three observations

Regarding significant differences between the low and high motor FIM trajectory groups, 

patients in the low group were more likely to be 65 years and older, Hispanic and other race/

ethnicity; have Medicare and Medicaid coverage; live in New York, Atlanta and San 

Francisco; have a tier 1 or tier 2 comorbidity; and to experience much longer durations from 

injury to rehabilitation admission and longer lengths of stay in rehabilitation. In turn, the 

high motor trajectory group was more likely to be younger than 65 and white; have 

commercial and other payer; live in Chicago, Denver, and Seattle; have no tier comorbidity; 

and exhibit higher functional status at all three observations.

The results of multinomial logit models predicting odds of group membership are presented 

in Table 3. The highest functioning group is the referent in both FIM subscales. In analysis 

of cognitive FIM rating, increasing age was unexpectedly associated with decreasing odds of 

membership in both the low and moderate rating groups. The corresponding odds ratio of 

membership in the low group for older age (75 years +) was 0.66 (95% CI 0.53–0.83) and 

for the moderate group was 0.55 (95% CI 0.47–0.63). Compared to Whites, Blacks had 

increased odds of membership in the low FIM rating groups (OR 1.30, 95% CI 1.01–1.67) 

and the moderate FIM rating group (OR 1.24 95% CI 1.04–1.28). Closed injury was 

associated with low and moderate trajectory groups for cognitive function. Each increased 

day onset to rehabilitation admission was associated with increased odds of membership in 

the low and moderate trajectory groups.

In the analysis of motor FIM rating, odds of membership in the low rating group increased 

from age 45–64 (OR 1.51, 95% CI 1.21–1.88) to age 75+ (OR 5.80, 95% CI 4.53–7.41). 

Compared to Whites, Hispanics demonstrated increased odds of membership in the low FIM 

rating group (OR 1.36,95% 1.04–1.78). Closed injury was associated with reduced odds of 

membership in both the low and moderate FIM rating groups. The Atlanta CMS region was 

associated with membership in the low and moderate groups compared to the high group 

(OR 2.50, 95% CI 1.48–4.24 and OR 1.95, 95% CI 1.43–2.65 respectively) as was the San 

Francisco region (OR 2.05, 95% CI 1.20–3.49 and OR 1.86, 95% CI 1.36–2.54 

respectively). Conversely, the Denver region was associated with reduced odds of 

membership in the moderate group compared to the high FIM rating group (OR 0.72, 95% 

CI 0.52–0.99) as was the Seattle CMS region (OR 0.42, 95% CI 0.30–0.60).
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DISCUSSION

Inpatient rehabilitation following TBI facilitates recovery of functional independence. While 

overall mean improvements are observed and thus, often assumed, the heterogeneous 

neuropathology of individual injuries leads to substantial variation in recovery trajectories. 

Using data from the UDSMR for 2002–2010 we identified three different trajectories of 

functional recovery from admission to inpatient rehabilitation through follow-up for 

cognitive and motor FIM ratings.

The majority of patients with TBI achieved ratings near the upper bounds of the FIM 

instrument at follow-up regardless of functional status at admission. However, a group of 

patients with low FIM ratings at admission demonstrated relatively little improvement over 

time. This slowly improving trajectory was most evident in motor recovery; however, it is 

important to note that this low gaining group comprised only 8% of the total sample while 

the high gaining group comprised 56% of the sample. It is possible that our results under-

represent this low FIM category as the excluded group (without follow-up) had significantly 

lower FIM ratings and significantly long stays in hospital prior to rehabilitation suggesting a 

poorer recovery prognosis.

The association of increased age with the low-gaining motor group was not surprising. Older 

adults possess less reserve capacity to recover from neural deficits or loss of physical 

strength during periods of immobilization. Moreover, older adults typically spend more time 

in injury-related coma and have more complications.32 Other studies have shown a similar 

association between age and functional recovery.15, 33, 34 Conversely, our findings indicating 

that older age was associated with lower odds of being in the low-gaining cognitive group 

was unexpected. Additional, prospective research is needed to either confirm or clarify this 

counter-intuitive relationship. For our study, it is plausible that individuals in the older age 

group with very low baseline cognitive functioning were disproportionately lost to follow-up 

based on higher mortality and/or institutionalization rates.

Significant geographic variation in health care spending,35 and post-acute utilization have 

been reported36, 37. We found an inconsistent association between geographic region and 

trajectory group membership across FIM categories with no clear pattern. One possible 

explanation for regional differences is limited availability in some regions37. We also 

observed geographic differences in inclusion status in our sample. Regional variation in the 

collection of follow-up FIM may also have led to the differences observed in our analysis. 

Two of the regions which had the highest rates of inclusion (Atlanta and San Francisco) 

were also significantly associated with odds of being in a lower FIM trajectory. Because the 

CMS regions are administrative divisions and not designed for balance across inpatient 

rehabilitation facilities, it is possible that the differences in catchment areas for the regions 

could contribute to variation in FIM ratings.

Our analyses indicated that Black and Hispanic patients were more likely to be in the low 

function trajectory compared to Whites, which is consistent with prior studies showing 

racial/ethnic disparities in functional outcomes post TBI.17, 38–40 The reasons for these 

differences are unclear. Potential explanations include disparities in access to and/or quality 
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of care across the continuum.18, 20, 41, 42 While our study could not adjust for care received 

prior to inpatient rehabilitation, Blacks and Hispanics had lower total FIM ratings on 

admission to rehabilitation than Whites. Whether this difference was due to variation in 

injury severity or acute care factors is unknown. However, some studies have not found 

ethnic disparities in functional outcomes43–45, which warrant the need to thoroughly 

investigate functional outcomes using large samples with TBI.

Cross-cultural validity of the FIM is absent from the current TBI literature, which may 

indicate a potential cultural bias in functional assessment of ethnic minorities with TBI. 

Several factors may affect how the person with injury interact and engage with the 

healthcare professional performing the assessment, such as language barriers, acculturation, 

cultural beliefs and traditions, and perceptions or understanding of TBI. Also, cultural 

variation in how individuals perform activities of daily living and their reliance on others to 

perform such activities may exist. If a systematic bias in FIM ratings of non-English 

speaking-persons with TBI exists in assessments of their communication abilities46, it is 

possible that this bias is present in assessment of the other cognitive and motor items.

Organizational factors, such as therapy duration and intensity, may impact functional 

outcomes of persons with TBI. Some evidence suggests that Black and Hispanic patients 

with TBI receive shorter, less intensive therapy during inpatient rehabilitation.43 However, in 

our sample Black and Hispanic ethnicity were both associated with longer duration of 

rehabilitation (1.01 and 1.60 days, respectively). Age, severity of injury, medical 

complications, and medical interruptions are associated with length of stay47, 48.The 

observed association between minority status and reduced functional gains may be due to 

factors unmeasured in our data such as variation in social support and differences in the 

physical environment.

Delayed admission in the low gain group was more than three times that of the higher gain 

group. Days from onset reflects the time the patient spent in acute care achieving stability 

sufficient to benefit from rehabilitation. Longer delays in entering inpatient rehabilitation 

could imply greater severity of injury or complexity due to other factors/conditions.

The latent trajectory models offer a different perspective on functional gains over time 

compared to standard linear models. The plots of the grand mean from linear models and 

those from the trajectories highlight the limits of estimations based only on a grand mean. 

The low and high trajectory groups are not evident in the traditional linear models approach. 

Identifying factors associated with the low (at-risk) group can facilitate treatment planning 

and patient-centered intervention. Patients at risk for a low gaining trajectory may benefit 

from more intensive physical and cognitive interventions and more therapy hours. Such 

insight may also inform the use of combination therapies, such as pharmacological, 

behavioral, and cognitive rehabilitation, to improve functional outcomes.

Limitations

Several limitations in our study are important to note. First, our sample was limited to 

patients in the UDSMR database who also had complete follow-up FIM assessments. Our 

findings may not be representative of all patients with TBI. Second, we had no direct 

Howrey et al. Page 7

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



measure of injury severity such as the Glasgow Coma Scale (GCS)49, post-traumatic 

amnesia (PTA), or time to follow commands. While we used injury type (open vs. closed) 

and the CMS Tier comorbidity system as covariates, they do not distinguish inherent 

heterogeneity of acute TBIs. Third, our study had only one follow-up assessment, which was 

on average 103 days. Thus, we could not estimate changes in functional status beyond that 

timeframe.

Conclusion

Inpatient rehabilitation following TBI is associated with overall gains in functional recovery 

measured by cognitive and motor FIM ratings. However, a small subset of patients is 

admitted with low FIM ratings and demonstrates minimal improvement. Identifying 

subgroups with poor recovery trajectories provides the opportunity to develop rehabilitation 

strategies tailored to their unique needs. In turn, this information can better inform patient-

centered care and facility-level quality improvement efforts.
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Figure 1. 
Plots of cognitive FIM rating (top panel) and motor FIM rating (bottom panel) predicted 

from linear models (double line) and predicted and observed (icons) values for three 

trajectory groups: low FIM rating (dotted line), moderate FIM rating (dashed line), and high 

FIM rating (solid line).
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Table 1

Characteristics of Traumatic Brain Injury patients discharged alive from inpatient rehabilitation by study 

inclusion status, UDSMR 2002–2010, % or mean (SD)

Excluded Included

n 107,130 16,583

Age Group:

  <45 30.96 34.94 *

  45–64 21.44 21.32

  65–74 13.83 14.04

  75+ 33.76 29.70 *

Married 40.38 43.99 *

Female 36.69 34.58 *

Race/Ethnicity:

  White 78.09 80.8 *

  Black 8.43 6.72 *

  Hispanic 7.95 6.85 *

  Other 5.92 5.93

Payer:

  Medicare 47.46 43.19 *

  Medicaid 9.30 9.98 *

  Commercial/BCBS 19.56 22.06 *

  Other Payer 23.68 24.77 *

CMS Region:

  Boston 4.76 2.15 *

  New York 9.69 4.59 *

  Philadelphia 14.53 12.61 *

  Atlanta 17.96 14.83 *

  Chicago 13.20 22.95 *

  Dallas 13.36 5.12 *

  Kansas City 6.40 7.94 *

  Denver 5.46 8.95 *

  San Francisco 11.47 14.78 *

  Seattle 3.16 6.10 *

CMS Comorbidities:

  Tier 0 58.11 57.92

  Tier 1 8.13 7.66 *

  Tier 2 16.85 18.11 *

  Tier 3 16.91 16.31

TBI - Closed 95.11 94.63 *

FIM Rating – Total

  Admission 54.78 (21.73) 58.52 (21.33) *

  Discharge 84.83 (24.81) 90.00 (20.91) *
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Excluded Included

  Follow-up 111.63 (18.75)

FIM Rating – Cognitive

  Admission 17.20 (8.06) 17.99 (7.92) *

  Discharge 23.03 (7.48) 24.06 (6.73) *

  Follow-up 31.14 (5.19)

FIM Rating – Motor

  Admission 35.41 (15.22) 38.17 (15.03) *

  Discharge 57.65 (18.10) 61.50 (15.33) *

  Follow-up 80.48 (15.28)

Onset 18.45 (28.38) 18.51 (27.43)

LOS 17.19 (15.15) 16.30 (12.44) *

Follow-up (days) 1119.60 (26.31)

*
denotes statistical differences using critical values adjusted for multiple comparisons within families of outcomes (demographics: p < 0.004; 

region: p < 0.005; and condition: p < 0.003).

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Howrey et al. Page 15

Ta
b

le
 2

C
ha

ra
ct

er
is

tic
s 

(%
 o

r 
m

ea
n 

(S
D

))
 o

f 
tr

aj
ec

to
ry

 g
ro

up
s 

fo
r 

co
gn

iti
ve

 a
nd

 m
ot

or
 F

IM
 r

at
in

gs
 f

or
 p

at
ie

nt
s 

w
ith

 T
B

I.

C
og

ni
ti

ve
 F

IM
M

ot
or

 F
IM

L
ow

M
od

er
at

e
H

ig
h

L
ow

M
od

er
at

e
H

ig
h

n
17

33
76

90
71

60
12

98
58

47
94

38

A
ge

 G
ro

up
:

  <
45

43
.1

6
41

.2
5

b
26

.1
5

c
28

.2
2

31
.2

8
b

38
.1

1
c

  4
5–

64
21

.8
1

22
.3

9
b

20
.0

6
15

.8
1

18
.7

4
b

23
.6

8
c

  6
5–

74
12

.2
3

12
.5

7
b

16
.0

6
c

15
.2

7
14

.9
6

b
13

.3
1

  7
5+

22
.7

9
23

.7
8

b
37

.7
4

c
40

.7
1

a
35

.0
1

b
24

.9
1

c

Fe
m

al
e

29
.8

3
28

.8
3

b
41

.9
1

c
36

.6
2

35
.8

6
b

33
.5

1

M
ar

ri
ed

41
.0

3
42

.6
0

b
46

.2
3

c
45

.0
3

46
.0

1
b

42
.6

2

R
ac

e/
E

th
ni

ci
ty

:

  W
hi

te
74

.7
8

a
78

.4
3

b
84

.8
3

c
75

.3
3

a
79

.4
8

b
82

.3
9

c

  B
la

ck
8.

14
7.

78
b

5.
25

c
6.

86
7.

73
b

6.
08

  H
is

pa
ni

c
9.

35
a

7.
52

b
5.

54
c

9.
71

7.
63

b
5.

99
c

  O
th

er
 E

th
7.

96
6.

62
b

4.
66

c
8.

56
a

5.
46

5.
84

c

Pa
ye

r:

  M
ed

ic
ar

e
34

.2
2

36
.2

4
b

52
.8

5
c

54
.9

7
a

48
.6

7
b

38
.1

9
c

  M
ed

ic
ai

d
16

.2
1

a
12

.0
3

b
6.

27
c

13
.4

9
a

10
.8

1
b

8.
98

c

  C
om

m
er

ci
al

22
.2

2
23

.3
7

b
20

.6
1

15
.8

1
17

.6
8

b
25

.6
3

c

  O
th

er
 P

ay
er

27
.3

5
28

.3
6

b
20

.2
7

c
15

.7
3

a
22

.8
3

b
27

.2
c

C
M

S 
R

eg
io

n:

  B
os

to
n

1.
90

2.
03

0
2.

33
1.

62
2.

07
2.

27

  N
ew

 Y
or

k
4.

50
a

3.
16

b
6.

13
c

6.
17

4.
53

4.
40

c

  P
hi

la
de

lp
hi

a
12

.0
6

10
.4

0
b

15
.0

7
c

11
.5

7
12

.6
6

12
.6

9

  A
tla

nt
a

17
.3

7
16

.2
7

b
12

.6
8

c
19

.3
5

18
.9

8
b

11
.6

4
c

  C
hi

ca
go

24
.0

0
22

.3
3

23
.3

7
16

.8
1

a
21

.3
3

b
24

.8
c

  D
al

la
s

6.
29

a
4.

27
b

5.
77

6.
01

a
4.

02
b

5.
69

  K
an

sa
s 

C
ity

6.
12

a
8.

10
8.

21
c

6.
86

7.
29

b
8.

05

  D
en

ve
r

8.
83

8.
52

9.
44

5.
86

6.
40

b
10

.9
5

c

  S
an

 F
ra

nc
is

co
17

.0
8

18
.9

6
b

9.
73

c
21

.2
8

19
.2

4
b

11
.1

2
c

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Howrey et al. Page 16

C
og

ni
ti

ve
 F

IM
M

ot
or

 F
IM

L
ow

M
od

er
at

e
H

ig
h

L
ow

M
od

er
at

e
H

ig
h

  S
ea

ttl
e

1.
85

a
5.

97
b

7.
26

c
4.

47
3.

49
b

7.
94

c

C
M

S 
C

om
or

bi
di

tie
s:

  T
ie

r 
0

33
.8

1
a

50
.9

5
b

71
.2

3
c

35
.6

2
a

39
.6

1
b

72
.3

2
c

  T
ie

r 
1

20
.7

7
a

9.
22

b
2.

79
c

15
.7

3
13

.3
1

b
3.

04
c

  T
ie

r 
2

32
.7

2
a

24
.2

4
b

8.
00

c
32

.3
1

a
28

.1
7

b
9.

94
c

  T
ie

r 
3

2.
69

a
15

.5
9

b
17

.9
7

c
16

.3
5

18
.9

2
b

14
.7

0

C
lo

se
d 

In
ju

ry
92

.9
6

94
.2

7 
b

95
.4

3 
c

93
.4

5
94

.6
94

.8
2

O
ns

et
 (

da
ys

)
40

.6
6 

(5
1.

39
) 

a
19

.6
8 

(2
5.

94
) 

b
11

.8
8 

(1
4.

76
) 

c
45

.6
6 

(6
2.

95
) 

a
22

.2
8 

(2
7.

72
) 

b
12

.4
4 

(1
2.

48
) 

c

L
O

S
31

.0
0 

(2
1.

87
) 

a
17

.9
7 

(1
0.

66
) 

b
10

.9
6 

(6
.0

7)
 c

28
.3

1 
(2

2.
50

) 
a

22
.1

5 
(1

2.
72

) 
b

11
.0

3 
(5

.7
8)

 c

FI
M

 R
at

in
g:

  A
dm

is
si

on
30

.0
7 

(1
3.

13
) 

a
50

.3
4 

(1
6.

85
) 

b
74

.1
8 

(1
3.

91
) 

c
33

.7
1 

(1
4.

34
) 

a
42

.3
3 

(1
4.

95
) 

b
71

.9
5 

(1
4.

31
) 

c

  D
is

ch
ar

ge
58

.7
1 

(2
3.

21
) 

a
87

.2
3 

(1
7.

75
) 

b
10

0.
55

 (
13

.6
9)

 c
50

.1
4 

(1
9.

22
) 

a
80

.6
2 

(1
6.

98
) 

b
10

1.
29

 (
11

.7
7)

 c

  F
ol

lo
w

-u
p

84
.1

6 
(2

9.
29

) 
a

11
3.

10
 (

15
.5

1)
 b

11
6.

69
 (

11
.7

5)
 c

60
.7

9 
(2

1.
67

) 
a

11
1.

16
 (

12
.7

5)
 b

11
8.

62
 (

8.
73

) 
c

a si
gn

if
ic

an
t d

if
fe

re
nc

e 
(a

dj
us

te
d 

fo
r 

m
ul

tip
le

 c
om

pa
ri

so
ns

) 
co

m
pa

ri
ng

 lo
w

 to
 m

od
er

at
e 

tr
aj

ec
to

ry
;

b si
gn

if
ic

an
t d

if
fe

re
nc

e 
(a

dj
us

te
d 

fo
r 

m
ul

tip
le

 c
om

pa
ri

so
ns

) 
co

m
pa

ri
ng

 m
od

er
at

e 
to

 h
ig

h 
tr

aj
ec

to
ry

;

c si
gn

if
ic

an
t d

if
fe

re
nc

e 
(a

dj
us

te
d 

fo
r 

m
ul

tip
le

 c
om

pa
ri

so
ns

) 
co

m
pa

ri
ng

 lo
w

 to
 h

ig
h 

tr
aj

ec
to

ry

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Howrey et al. Page 17

Ta
b

le
 3

R
es

ul
ts

 o
f 

m
ul

tin
om

ia
l l

og
it 

m
od

el
s 

pr
ed

ic
tin

g 
tr

aj
ec

to
ry

 g
ro

up
 m

em
be

rs
hi

p 
fo

r 
co

gn
iti

ve
 a

nd
 m

ot
or

 F
IM

, U
D

SM
R

 2
00

2–
20

10
, O

R
 (

95
%

 C
I)

. H
ig

h 
FI

M
 

ra
tin

g 
tr

aj
ec

to
ry

 g
ro

up
 is

 r
ef

er
en

t f
or

 b
ot

h 
FI

M
 c

at
eg

or
ie

s.

C
og

ni
ti

ve
 F

IM
M

ot
or

 F
IM

L
ow

M
od

er
at

e
L

ow
M

od
er

at
e

O
R

(9
5%

 C
I)

O
R

(9
5%

 C
I)

O
R

(9
5%

 C
I)

O
R

(9
5%

 C
I)

A
ge

 G
ro

up
:

  <
45

 (
re

f)

  4
5–

64
0.

92
(0

.7
7 

– 
1.

10
)

0.
81

(0
.7

2 
– 

0.
91

)
1.

51
(1

.2
1 

– 
1.

88
)

1.
20

(1
.0

6 
– 

1.
37

)

  6
5–

74
0.

64
(0

.5
0 

– 
0.

83
)

0.
61

(0
.5

2 
– 

0.
71

)
2.

79
(2

.1
3 

– 
3.

65
)

1.
70

(1
.4

3 
– 

2.
02

)

  7
5 

+
0.

66
(0

.5
3 

– 
0.

83
)

0.
55

(0
.4

7 
– 

0.
63

)
5.

80
(4

.5
3 

– 
7.

41
)

2.
80

(2
.3

9 
– 

3.
28

)

Fe
m

al
e

0.
73

(0
.6

3 
– 

0.
84

)
0.

70
(0

.6
4 

– 
0.

76
)

1.
17

(1
.0

1 
– 

1.
36

)
1.

15
(1

.0
5 

– 
1.

26
)

M
ar

ri
ed

0.
96

(0
.8

3 
– 

1.
10

)
1.

01
(0

.9
2 

– 
1.

11
)

1.
03

(0
.8

8 
– 

1.
19

)
1.

12
(1

.0
2 

– 
1.

23
)

R
ac

e/
E

th
ni

ci
ty

:

  W
hi

te
 (

re
f)

  B
la

ck
1.

30
(1

.0
1 

– 
1.

67
)

1.
24

(1
.0

4 
– 

1.
48

)
1.

19
(0

.9
0 

– 
1.

57
)

1.
20

(1
.0

0 
– 

1.
43

)

  H
is

pa
ni

c
1.

03
(0

.8
0 

– 
1.

34
)

0.
82

(0
.6

8 
– 

0.
99

)
1.

36
(1

.0
4 

– 
1.

78
)

0.
95

(0
.7

9 
– 

1.
15

)

  O
th

er
 E

th
ni

ci
ty

1.
71

(1
.3

1 
– 

2.
21

)
1.

19
(0

.9
9 

– 
1.

44
)

1.
29

(0
.9

8 
– 

1.
69

)
0.

80
(0

.6
6 

– 
0.

98
)

Pa
ye

r:

  P
ub

lic
 I

ns
. (

re
f)

  C
om

m
er

ci
al

 I
ns

0.
75

(0
.6

1 
– 

0.
91

)
0.

89
(0

.7
7 

– 
1.

01
)

0.
61

(0
.4

8 
– 

0.
76

)
0.

70
(0

.6
1 

– 
0.

81
)

  O
th

er
 p

ay
er

0.
86

(0
.7

1 
– 

1.
04

)
1.

03
(0

.9
1 

– 
1.

18
)

0.
52

(0
.4

2 
– 

0.
65

)
0.

78
(0

.6
8 

– 
0.

89
)

C
M

S 
C

om
or

bi
di

ty
:

  T
ie

r 
0 

(r
ef

)

  T
ie

r 
1

8.
22

(6
.5

3 
– 

10
.3

5)
2.

92
(2

.3
8 

– 
3.

60
)

11
.9

7
(9

.3
1 

– 
15

.4
)

7.
69

(6
.3

9 
– 

9.
24

)

  T
ie

r 
2

6.
21

(5
.2

5 
– 

7.
34

)
3.

43
(3

.0
2 

– 
3.

90
)

6.
07

(5
.0

8 
– 

7.
25

)
4.

68
(4

.1
5 

– 
5.

28
)

  T
ie

r 
3

1.
26

(1
.0

4 
– 

1.
53

)
1.

14
(1

.0
2 

– 
1.

28
)

2.
05

(1
.6

8 
– 

2.
50

)
2.

20
(1

.9
6 

– 
2.

47
)

C
lo

se
d 

in
ju

ry
0.

90
(0

.6
9 

– 
1.

18
)

1.
08

(0
.8

9 
– 

1.
31

)
0.

71
(0

.5
3 

– 
0.

95
)

0.
91

(0
.7

5 
– 

1.
10

)

O
ns

et
 (

da
ys

)
1.

03
(1

.0
3 

– 
1.

03
)

1.
02

(1
.0

1 
– 

1.
02

)
1.

05
(1

.0
4 

– 
1.

05
)

1.
03

(1
.0

3 
– 

1.
04

)

C
M

S 
R

eg
io

n:

  B
os

to
n 

(r
ef

)

  N
ew

 Y
or

k
1.

05
(0

.6
2 

– 
1.

79
)

0.
71

(0
.5

0 
– 

0.
99

)
1.

62
(0

.9
1 

– 
2.

88
)

1.
04

(0
.7

3 
– 

1.
48

)

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Howrey et al. Page 18

C
og

ni
ti

ve
 F

IM
M

ot
or

 F
IM

L
ow

M
od

er
at

e
L

ow
M

od
er

at
e

O
R

(9
5%

 C
I)

O
R

(9
5%

 C
I)

O
R

(9
5%

 C
I)

O
R

(9
5%

 C
I)

  P
hi

la
de

lp
hi

a
1.

02
(0

.6
3 

– 
1.

64
)

0.
85

(0
.6

3 
– 

1.
14

)
1.

24
(0

.7
2 

– 
2.

12
)

1.
08

(0
.7

9 
– 

1.
48

)

  A
tla

nt
a

1.
82

(1
.1

4 
– 

2.
92

)
1.

62
(1

.2
0 

– 
2.

18
)

2.
50

(1
.4

8 
– 

4.
24

)
1.

95
(1

.4
3 

– 
2.

65
)

  C
hi

ca
go

1.
65

(1
.0

4 
– 

2.
62

)
1.

28
(0

.9
6 

– 
1.

72
)

1.
03

(0
.6

1 
– 

1.
74

)
1.

03
(0

.7
6 

– 
1.

40
)

  D
al

la
s

1.
58

(0
.9

5 
– 

2.
64

)
1.

05
(0

.7
5 

– 
1.

46
)

1.
37

(0
.7

7 
– 

2.
44

)
0.

82
(0

.5
7 

– 
1.

16
)

  K
an

sa
s 

C
ity

1.
28

(0
.7

7 
– 

2.
11

)
1.

35
(0

.9
9 

– 
1.

85
)

1.
33

(0
.7

6 
– 

2.
32

)
1.

03
(0

.7
5 

– 
1.

43
)

  D
en

ve
r

1.
26

(0
.7

7 
– 

2.
06

)
1.

14
(0

.8
4 

– 
1.

55
)

0.
70

(0
.4

0 
– 

1.
25

)
0.

72
(0

.5
2 

– 
0.

99
)

  S
an

 F
ra

nc
is

co
1.

69
(1

.0
4 

– 
2.

73
)

2.
13

(1
.5

8 
– 

2.
89

)
2.

05
(1

.2
0 

– 
3.

49
)

1.
86

(1
.3

6 
– 

2.
54

)

  S
ea

ttl
e

0.
30

(0
.1

6 
– 

0.
56

)
0.

93
(0

.6
7 

– 
1.

28
)

0.
48

(0
.2

7 
– 

0.
88

)
0.

42
(0

.3
0 

– 
0.

60
)

Arch Phys Med Rehabil. Author manuscript; available in PMC 2018 August 01.


	Abstract
	INTRODUCTION
	DATA AND METHODS
	Data Source
	Dependent Variable
	Covariates
	Descriptive statistics and modeling

	RESULTS
	DISCUSSION
	Limitations
	Conclusion

	References
	Figure 1
	Table 1
	Table 2
	Table 3

