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Abstract 
This study evaluated the impact of chronicity (onset of injury to admission 
interval) on three domains of functional outcomes for a large group of trau-
matic brain injured (TBI) survivors. Subjects included 528 TBI adults who 
were treated in post-hospital residential rehabilitation centers. Subjects were 
assigned to one of three chronicity groups: 1) Early Interval (EI), 2.00 - 8.00 
months n = 245, 2) Mid Interval (MI), 8.01 - 24.00 months n = 129, and (3) 
Late Interval (LI), 24.01 months and greater n = 154. Functional status was 
assessed with the MPAI-4. RM MANCOVA was applied to evaluate differ-
ences among groups from admission to discharge. Rasch analysis demonstrated 
satisfactory construct validity and internal consistency (Person reliability = 
0.90 - 0.94, Item reliability = 0.99) for the admission and discharge MPAI-4s. 
Controlling for LOS and age, the RM MANCOVA revealed that each chronic-
ity group showed significant improvement in MPAI-4 abilities, adjustment, 
and participation indices from admission to discharge (p < 0.001). Improve-
ment observed from admission to discharge was the greatest among the EI 
group (p < 0.001). This study demonstrated the utility of multivariate statis-
tical approaches for understanding the complexities of TBI treatment out-
comes. As measured across three domains of functioning, rehabilitation was 
effective in reducing disability for participants in each chronicity group. Of 
the three groups, EI participants presented as the most disabled at admission 
but also made the greatest gains when assessed at discharge. 
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1. Introduction 

An important question for treatment of traumatic brain injury (TBI) in post- 
hospital rehabilitation settings is whether rehabilitation benefits chronically in-
jured persons, those with a late onset to the admission interval. It is well docu-
mented that the functional change is the most rapid during the first six months 
following injury, due largely to the interaction of natural recovery and struc-
tured rehabilitation [1] [2]. However, recent studies of post-hospital TBI out-
comes indicate that late interval rehabilitation (initiated one or more years post 
injury) may achieve the significant reduction in disability, although gains are 
achieved more slowly than for those who receive the early rehabilitation [3] [4].  

In order to meaningfully evaluate the effectiveness of late interval rehabilita-
tion, several challenges to TBI outcome measurement must be addressed. First, 
the heterogeneity of injury and outcome necessitate comprehensive measures 
across multiple domains to capture the extent of disability and detect the change 
in performance. A TBI may disrupt a few, or many, functions to varying degrees 
of severity. No single measure is sufficient to assess the potential breadth and 
complexity of impairment to physical, cognitive, emotional and social function-
ing [3]. 

Just as important, the measures selected must be psychometrically sound (es-
tablished reliability and validity) and analyzed with appropriate statistics that 
will enable the most accurate interpretation of the data [5]. The majority of pub-
lished TBI outcome studies have employed ordinal measures to evaluate pro-
gram effectiveness [6]. Ordinal measures typically involve Likert scales that rank 
persons as possessing “a lot or a little” of a particular attribute. However, the in-
tervals between levels on these scales are not equal, and therefore, not appropri-
ate for use with parametric statistics involving summing and averaging numbers 
to calculate change scores [5] [6]. Nonetheless, TBI functional outcome litera-
ture is replete with studies applying parametric statistics to ordinal data [7]. This 
practice can lead to inaccurate inferences, either over- or under-estimating treat- 
ment effects [5] [6]. A more precise scientific assessment of program outcomes 
involves the use of interval measures appropriate for application with complex 
parametric statistics [8].  

The purpose of this study was to evaluate the impact of chronicity (onset of 
injury to admission interval) on functional outcomes following post-hospital 
rehabilitation. To address the challenges of functional outcome measurement, 
three interval-level dependent measures derived from the Mayo Portland Adap-
tability Inventory-4 [9] were employed to assess the range of possible cognitive/ 
physical, emotional adjustment, and societal participation changes from pro-
gram admission to discharge. The measures selected have strong reliability and 
validity data and are comprehensive enough to provide a clear indication of the 
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problems experienced by TBI survivors [9]. To further establish item reliability 
and construct validity, Rasch analysis was performed on the measures at admis-
sion and discharge. Scores on the three measures were converted to T-scores, 
enabling the use of multivariate statistical approaches to identify and clarify the 
complex interactions among chronicity groups with time of measurement and 
skill domain.  

2. Methods 
2.1. Subjects 

The study sample was selected from 2500 neurologically impaired individuals 
with consecutive discharges from 32 post-hospital residential rehabilitation pro-
grams in 15 states from 2011 to 2016. From the population of 2500, a sample of 
528 individuals met study inclusion criteria: diagnosed with a traumatic brain 
injury, age 17 or older, minimum length of stay of 2 months, minimum chronic-
ity (onset of injury to admission interval) of 2 months and admitted and dis-
charged from active residential neurorehabilitation. The extent and nature of 
their disability prevented these participants from living independently. The se-
verity of disability upon admission to program was assessed by MPAI-4 Total 
T-scores (a measure of disability compared to a referenced group of neurologi-
cally impaired persons) [7]. The mean length of stay for the entire sample was 
8.9 months. The mean onset of injury to admission was 39.9 months. The aver-
age age for the total sample was 40.5 years. Detailed demographic characteristics 
of the sample including MPAI-4 Total T-scores at admission are presented in 
Table 1.  

To examine the impact of chronicity on outcome, the study sample was di-
vided into three groups based on the interval from onset of injury to rehabilita-
tion admission: Early Interval (EI): 2.00 - 8.00 months (n = 245), Mid Interval 
(MI): 8.01 - 24.00 months (n = 129), and Late Interval (LI): 24.01 months and 
greater (n = 154). Demographic characteristics of each group are presented in 
Table 2. 

2.2. Measure 

Participant functioning was assessed using the Mayo-Portland Adaptability In-
ventory-4 (MPAI-4) at the time of admission and time of discharge from the 
treatment facilities involved in the study. Specifically, the MPAI-4 consists of 29 
items rated from 0 to 4 on a 5-point scale, where 0 represents no limitations and 
4 represents a severe problem interfering with activity more than 75% of the 
time. Raw scores on the 29 items are converted to T-scores within three subs-
cales: Abilities Index (physical, communication, and cognitive skills), Adjust-
ment Index (emotional and behavioral skills), and Participation Index (contex-
tual skill application). T-scores have a mean of 50 and a standard deviation of 10. 
Higher T-scores indicate greater disability. Used primarily in post-hospital reha-
bilitation settings, the MPAI-4 has undergone rigorous psychometric testing and 
has proven reliability and validity as determined through Rasch analysis, Item  
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Table 1. Total sample demographics and injury related variables, n = 528. 

Sample Demographics Values 

Gender  

Male 82% 

Female 18% 

Age (years)  

Mean 40.5 

SD* 14.4 

Range 17 - 80 

Time Since Injury (months)  

Mean 39.9 

SD 77.6 

Range 2.0 - 564.6 

Length of Stay (months)  

Mean 8.9 

SD 10.5 

Range 2.0 - 67.4 

Race  

African American 11% 

Asian/Pacific 1% 

Caucasian 75% 

Hispanic 9% 

Multi-racial 4% 

Severity of TBI 
Mild (<40) 

 
1.0% 

Mild-moderate (40 - 49) 15.0% 

Moderate (50 - 59) 36.8% 

Severe (60+) 47.2% 

*SD = Standard Deviation calculated with the formula 
( )2

=
x
N

µ
σ

−∑ . 

 
Cluster, Principle Component Analyses (PCA), and measures of concurrent and 
predictive validity [9] [10].  

T-scores derived for the three MPAI-4 indices at admission and discharge con-
stituted the dependent variables for the study. For a detailed description of the 
29 MPAI-4 items, Indices, and rating scale see Malec and Lezak 2008 [9]. 

2.3. Rehabilitation Treatment 

Each participant was admitted to residential neurorehabilitation program where 
they received physical therapy, occupational therapy, speech therapy, recreation, 
counseling (based on need), case management, and medical management pro-
vided by nursing and physicians specializing in physical medicine and rehabili-
tation. Behavioral analysis was provided for cases requiring more extensive  
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Table 2. Demographics by chronicity groups. 

 Chronicity Groups 

 
Early Interval 
2 - 8 Months 

(n = 245) 

Mid Interval 
8.01 - 24 Months 

(n = 129) 

Late Interval 
24.01+ Months 

(n = 154) 

Age 
Mean 

SD 
Range 

 
42.4 
15.3 

18 - 80 

 
39.6 
13.7 

17 - 75 

 
38.12 
13.0 

18 - 68 

Gender 
Male 

Female 

 
64% 
36% 

 
74% 
26% 

 
78% 
22% 

Onset to Admission (months) 
Mean 

SD 
Range 

 
4.2 
1.6 

2 - 8 

 
13.8 
4.6 

8.01 - 24 

 
118.5 
108.9 

24.01 - 564.7 

Length of Stay (months) 
Mean 

SD 
Range 

 
7.7 
9.3 

2 - 65.5 

 
8.9 
10.6 

2 - 67.4 

 
11.1 
11.8 

2 - 57.7 

Severity of TBI 
Mild 

 
0.0% 

 
3.1% 

 
1.3% 

Mild-Mod 13.1% 16.3% 16.9% 

Moderate 31.8% 31.8% 48.7% 

Severe 55.1% 48.8% 33.1% 

 
modification to reduce inappropriate behaviors and increase positive replace-
ment behaviors.  

2.4. Procedure 

Participants were evaluated upon admission by each program’s multidisciplinary 
treatment team members. Once individual discipline assessments were com-
pleted, each participant was then evaluated within approximately two weeks of 
admission using the MPAI-4 by treatment team consensus. Discharge MPAI-4s 
were completed in a similar fashion within the final week of the participant’s 
stay. The results of all evaluations were compiled into a national database and 
combined with participant demographic data.  

2.5. Statistical Analysis 

Rasch analysis was conducted for purposes of determining reliability and con-
struct validity of the MPAI-4 as a measure of disability following brain injury. A 
repeated measures multivariate analysis of co-variance (RM MANCOVA) was 
provided to evaluate change scores on Abilities, Adjustment, and Participation 
Indices from admission to discharge. Differences in outcome as a function of 
chronicity group were determined using this statistical approach. Analyses were 
performed using SPSS version 22 for the RM MANCOVA and follow-up tests 
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while Winsteps version 3.81 was used to conduct Rasch analyses. 

3. Results 
3.1. Reliability and Validity of MPAI-4  

Rasch analysis determines the reliability of an assessment tool by comparing ex-
pected from the actual values of the items comprising a measure. The analysis 
reveals the extent of item and person fit for measurement of human perfor-
mance. According to prior research this analysis “has been used to evaluate how 
items contributing to a measure represent the underlying construct and how 
well the items provide a range of indicators that reliably differentiate among 
people rated with the measure” [10]. Key statistics provided by Rasch analysis 
are Person and Item Reliability and Person and Item Separation. In general, re-
liability refers to the reproducibility of results obtained by a measure. Specifical-
ly, Person Reliability indicates how well items comprising a measure distinguish 
among individuals (e.g. those possessing a lot or a little of the construct meas-
ured) while Item Reliability refers to whether test items relate to each other in a 
consistent way in describing a disparate group of individuals. A coefficient of 
0.80 or greater is considered acceptable for Person Reliability, while a coefficient 
of at least 0.90 is optimal for Item Reliability [8]. For the current sample, Person 
Reliability coefficients were 0.90 and 0.94 respectively for admission and dis-
charge MPAI-4s. Item Reliability was 0.99 for both admission and discharge 
MPAI-4s.  

Separation values indicate “the extent to which items distinguish among people 
(Person Separation) and are distinct from each other (Item Separation)” [10]. 
Specifically, Person Separation values indicate the number of performance levels 
detected by a measure. For example, a Person Separation index of 2.00 means that 
two levels of performance can be reliably identified. The present study found 
Person Separation indices of 2.95 and 3.85 respectively for admission and dis-
charge MPAI-4s indicating 3.00+ levels of performance reliably identified. Item 
Separation refers to the extent to which items on a test are consistently ranked 
from least difficult to most difficult. Low Item Separation (<3.00) implies that 
the item difficulty hierarchy is not reliable [8], whereas magnitudes exceeding 
3.00 indicate greater consistency of item hierarchy. Item Separation indices for 
the study sample were 13.75 and 15.93 respectively for admission and discharge 
MPAI-4s, revealing a strong hierarchical item structure. With the reliability and 
construct validity of the MPAI-4 established, results were analyzed to determine 
the effect of age on outcome following post-hospital residential brain injury re-
habilitation. 

3.2. Impact of Chronicity at Admission to Program 

A MANCOVA was performed on the three dependent variables (Abilities, Ad-
justment, and Participation Index scores) to examine differences in severity of 
disability among chronicity groups at the time of admission. Prior to interpret-
ing those results, the Box’s M test was examined to assess the equality of cova-
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riance across the three chronicity groups. This result was non-significant (p < 
0.049; significance determined at alpha = 0.001), meeting the assumption for mul-
tivariate homogeneity of variance (equality of variance between groups).  

After controlling for age, the MANCOVA revealed a significant main effect 
for chronicity group, F(6,1042) = 5.6, p < 0.0005, Wilks Lambda = 0.939, partial 
eta2 = 0.031. Post hoc LSD comparisons found that on the Abilities and Partici-
pation indices, the LI group differed (lower scores, less disability) from both EI 
and MI chronicity groups (p < 0.0005 for Abilities, and p < 0.05 for Participa-
tion).  

3.3. Change Admission to Discharge 

With length of stay and age entered as covariates, a RM MANCOVA revealed a 
significant main effect for pre-post testing, F(1,523) = 91.78 p < 0.0005, Wilks 
Lambda = 0.85, partial eta2 = 0.15, power to detect = 1.00. Follow-up paired 
sample t-tests indicated that within each chronicity group, scores on the MPAI-4 
indices were significantly lower (less disability) from admission to discharge. Ta-
ble 3 presents the paired sample T-values, significance levels, and Cohen’s d ef-
fect sizes for each pre-post comparison on the Abilities, Adjustment, and Partic-
ipation measures. 

Results of the RM MANCOVA also showed a significant three way chronicity 
group by pre-post testing by measure interaction, F(2,523) = 16.69, p < 0.0005, 
Wilks Lambda = 0.94, partial eta2 = 0.06. To interpret this interaction, first, post 
hoc LSD comparisons were performed revealing that mean differences admis-
sion to discharge on the three measures from pre to post testing were signifi-
cantly greater for the EI group compared to the LI group, p < 0.02. The MI group 
did not differ significantly from the EI and LI groups. Next, post hoc one-way 
ANOVAs were conducted on the three MPAI-4 indices at discharge. This analy-
sis found no significant differences among chronicity groups on any of the meas-
ures, indicating that group differences observed on these measures at admission 
were not present at discharge.  

Taken together, these findings revealed that participants in each of the three  
 
Table 3. Paired-sample T-values and effect sizes for change admission to discharge by 
chronicity groups on MPAI-4 indices. 

 Paired-sample T-Values* (Cohen’s d effect size) 

Chronicity Group 
Abilities 

Index 
Adjustment 

Index 
Participation 

Index 

EarlyImpact (n = 245) 
Effect size 

21.1 
(1.14) 

15.25 
(1.43) 

19.48 
(1.25) 

Mid Impact (n = 129) 
Effect size 

11.30 
(1.68) 

8.32 
(2.02) 

10.51 
(1.46) 

Late Impact (n = 106) 
Effect size 

8.54 
(1.53) 

7.47 
(1.99) 

9.1 
(1.57) 

*p < 0.001 for each comparison. 
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chronicity groups showed reduction in disability from admission to discharge. 
The greatest gains in functional independence were obtained by the EI group 
followed by the MI and LI groups respectively. At the completion of rehabilita-
tion, functioning (as measured by the three MPAI-4 indices) was equivalent 
across chronicity groups. This finding is illustrated in Table 4, which shows 
mean T-scores and standard deviations for admission and discharge MPAI-4 in-
dices across chronicity groups. 

4. Discussion 

Meaningful evaluation of TBI outcomes requires psychometrically sound me-
trics of performance. Without such measures, inferences concerning factors af-
fecting the course of recovery following TBI are suspect. Consistent with prior 
research [9] [10], Rasch analyses performed at admission and discharge found 
the MPAI-4 to be a psychometrically acceptable measure of disability following 
TBI and a reasonable measure to evaluate effectiveness of post-hospital brain 
injury rehabilitation. Conversion of the Abilities, Adjustment, and Participation 
item scores to T-scores created interval scale metrics appropriate for use with 
powerful multivariate statistical models, lending greater confidence to the key 
findings.  

The first of these findings was that the LI group on average was less severely 
impaired on the Abilities (physical and cognitive skills) and Participation (so-
cietal participation) indices than the EI and MI groups. The average chronicity 
of participants in the LI group was 9.9 years. Their lower admission T-scores 
(less disability) likely reflects the ability to adapt to environmental demands and 
compensate for impairments. Nonetheless, their admission scores were indica-
tive of moderate-severe disability which precluded them from living indepen-
dently.  

Of considerable importance, the RM MANCOVA and follow-up comparisons 
revealed that each of the three chronicity groups made significant improvement 
on the MPAI-4 indices from admission to discharge. Despite large differences in 
chronicity, scores among the three groups on the dependent variables were not  

 
Table 4. Means (Standard Deviations) for MPAI-4 indices at admission (ADM) and dis-
charge (DC) by chronicity groups. 

 Chronicity Group 

MPAI-4 
Index 

Early Interval Mid Interval Late Interval 

 ADM DC ADM DC ADM DC 

Abilities 
59.47 

(10.10) 
50.90 

(10.20) 
59.12 

(12.14) 
52.39 

(13.68) 
54.62 
(9.41) 

49.96 
(10.96) 

Adjustment 
60.22 
(9.78) 

52.42 
(9.37) 

58.42 
(9.98) 

52.44 
(10.67) 

58.39 
(9.55) 

53.12 
(10.23) 

Participation 
59.49 
(9.62) 

50.79 
(10.26) 

57.41 
(11.14) 

51.96 
(11.98) 

54.74 
(9.75) 

49.69 
(9.61) 
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statistically different at discharge. As would be expected, the EI group showed 
the greatest improvement. Their injuries were more acute and as such would 
have a greater impact on skill performance, but they also would realize the greatest 
benefit from natural healing. The combination of these factors and comprehen-
sive rehabilitation was likely responsible for the magnitude of improvement ob-
served in this group. The MI group showed the second greatest improvement. 
With an average chronicity of 13 months, improvement was driven less by natu-
ral healing and more by events associated with the rehabilitation program. These 
participants also had less time to habituate poor habits (“negative plasticity”) 
than those in the LI group, therefore, presenting fewer barriers to recovery.  

Perhaps the most notable finding was the statistically significant improvement 
realized by the LI group on each of the three dependent variables. Improvement 
occurring at this late stage post-injury is an encouraging result for TBI survivors 
who must live with chronic disability. This finding, consistent with prior re-
search by Lewis and Horn [3] and Hayden et al. [4], suggests that along with 
emotional support participation in physically and cognitively challenging activi-
ties can not only maintain functioning but can also reduce disability. These 
findings offer empirical evidence for the value of post-hospital rehabilitation for 
TBI survivors late in recovery. Moreover, results are consistent with brain plas-
ticity research demonstrating that cortical reorganization and resulting func-
tional change can occur years after injury [11].  

5. Conclusion 

Application of multivariate statistics to the study of functional outcomes follow-
ing TBI was presented as an effective and efficient approach to gain a more pre-
cise and scientifically sound understanding of multivariate influences on per-
formance. Multivariate analysis can only be appropriately used with interval- 
scale (“parametric equivalent”) data. The Rasch model illustrated in this study 
supports the development of precise measurement with interval level metric quali-
ties. Such measures enable the clear differentiation among persons measured 
along the disability continuum and are necessary to modify rehabilitative treat-
ments for better functional outcomes. 

6. Limitations of the Study 

This study concluded at the time of program discharges from the various facili-
ties. Long-term follow-up is needed to evaluate the durability of the changes 
achieved in program, and specifically determine whether maintenance of skills is 
equivalent across the chronicity groups. Also, the study design did not permit 
the identification of specific interventions responsible for the observed changes. 
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