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Short Communication

Functional Status Examination Yields Higher Measurement
Precision of Functional Limitations after Traumatic Injury

than the Glasgow Outcome Scale-Extended:
A Preliminary Study

Lindsay D. Nelson,1 Benjamin L. Brett,1 Brooke E. Magnus,2 Steve Balsis,3 Michael A. McCrea,1

Geoffrey T. Manley,4 Nancy Temkin,5 and Sureyya Dikmen6

Abstract

The Glasgow Outcome Scale-Extended (GOSE) is one of the most widely used measures of functional limitations after

traumatic brain injury (TBI), and is the primary outcome measure used in clinical trials of acute TBI treatment. However,

the GOSE appears insensitive to the full spectrum of TBI-related functional limitations, which may limit its potential to

capture treatment effects or correlate with other variables that impact outcome. The Functional Status Examination (FSE)

was designed to improve on the assessment of injury-related functional limitations using a standardized assessment and

wider possible score range. The aim of this pilot study was to employ item response theory (IRT) to test the hypothesis that

the FSE yields more precise estimation of functional outcome than the GOSE. Traumatically injured patients (n = 100, 77

TBI, 23 orthopedic injuries) were interviewed at 3 months post-injury using both the GOSE and FSE structured interviews.

IRT was used to quantify and compare the tests’ information functions, which reflect the degree to which each instrument

precisely measures functional limitations across the severity spectrum. Findings were consistent with predictions: the FSE

yielded stronger measurement of functional limitations (i.e., higher test information) across a wider range of severity than

the GOSE, whether scoring the GOSE from all interview items or using the traditional GOSE overall score. Although the

FSE appears to be a promising alternative measure to the GOSE, further research is needed to cross-validate these findings

in a larger sample and understand how to best deploy it in clinical and translational research.
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Traumatic brain injury (TBI) is a prevalent and sometimes

disabling problem with almost no empirically supported

treatments.1 Despite several clinical trials for acute TBI treat-

ment with strong pre-clinical and phase I–II data, no pharma-

cotherapy has significantly reduced TBI-related morbidity.2–4

Researchers have suggested that imprecise outcome measure-

ment contributed in part to the limited success of prior clini-

cal trials.2,5 The most commonly used outcome measure in

TBI clinical trials—the Glasgow Outcome Scale (GOS)/GOS-

Extended (GOSE)—has limitations that may contribute to im-

precise estimation of outcome and, in turn, diminished estimates

of treatment effects.6 Among these factors are the lack of a single,

sufficiently standardized administration protocol, which can lead

to substantial rates of misclassification,7 as well as a crude

ordinal rating scale focused on severe disability, which has

limited sensitivity to individual differences (especially mild

functional limitations).4,6

The Functional Status Examination (FSE)8 is another interview-

based measure developed to yield more precise estimates of injury-

related functional limitations. Using a structured interview form

and accompanying manual, examiners rate the degree to which

an injury has affected patients’ degree of participation across up

to seven domains* of life—Personal Care, Mobility/Ambulation,
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Mobility/Travel, Major Activity (Work or School, if applicable),

Home Management, Leisure and Recreation, and Social Integra-

tion. Each domain is scored on a 0–3 ordinal scale, with domain

ratings summed to achieve a more granular overall index. Pre-

liminary work has suggested that the FSE has good test–retest re-

liability and correspondence between patient and significant others

as well as fewer ceiling effects, more sensitivity to change, and

stronger relationships with other variables (e.g., markers of injury

severity) than the GOSE.8–10

However, comparisons between the GOSE and FSE have been

limited to relatively simple descriptive analyses, predominantly

of samples with higher TBI severity. Modern psychometric ana-

lytic tools bring additional rigor in improving outcome mea-

surement for health conditions.11,12 For example, item response

theory (IRT) provides a formal strategy for determining how well

items within a test, or a test as a whole, reflect a hypothetical

continuum such as injury-related functional limitations. In par-

ticular, IRT allows one to quantify the association between one’s

level on a latent continuum (e.g., mild in functional limitations)

and the probability of making a particular item response. We

recently used IRT to investigate the GOSE structured interview,

confirming its low sensitivity to mild functional limitations, while

also providing feedback about specific aspects of the GOSE ex-

amination that perform most and least strongly for assessing

different levels of severity within the dimension of functional

limitations.6

The aim of this pilot study was to test the hypothesis that the

FSE yields more precise estimation of functional limitations after

injury than the GOSE. The sample (n = 100) was recruited for a

pilot study aimed at comparing outcome measures relevant to the

hospital trauma population. Enrollment included patients with

TBI (n = 77) and orthopedically injured trauma patients (n = 23) to

extend findings across the continuum of injury-related functional

limitations (Table 1). To obtain a broad sample of patients likely

to vary in outcomes, we recruited patients released from the

emergency department (ED) as well as those admitted to the

hospital (level 1 trauma center). Consistent with the TBI popu-

lation, the majority of the sample had ‘‘mild’’ TBI (i.e., Glasgow

Coma Scale score ‡13). Inclusion criteria were being ‡18 years

old, English speaking, able to give informed consent, and not a

prisoner. Participants in the TBI group were required to have

sustained head trauma or rapid head movement leading to at least

transient altered mental status.13 Participants enrolled without

TBI were required to have other traumatically induced bodily

injury and none of the above-listed characteristics of TBI, and

were selected to match the TBI group in mean age and overall

distribution of participants by gender, race, cause of injury, and

level of care (ED or inpatient). Inclusion criteria were confirmed

by review of medical charts and completion of a semi-structured

interview with each participant.

Participants completed an in-person clinical outcome assess-

ment at 3 months post-injury (mean = 92 days, range 85–111)

comprising assessment of day-to-day functioning, injury-related

symptoms, and quality of life. We administered a structured in-

terview of the GOSE14 to elicit self-report of the overall impact of

all injuries sustained in the same accident on six areas of day-to-day

functioning: Independence in the home, independence outside the

home (i.e., shopping and travel), work, social/leisure activities,

psychological problems that impact family and friend relationships,

and other symptoms or problems that affect daily life. (For details

on interview questions and response options, see Ranson et al.6) To

avoid item-level missingness, all domains were assessed for every

participant. For this study, we aimed to retain as much granularity

in GOSE item responses as possible, but needed to combine re-

sponses to the shopping and travel items together to avoid estima-

tion issues caused by their high correlation. This resulted in six

GOSE items comprising two two-level, two three-level, and two

four-level items. As stated earlier, the FSE8 structured interview

assessed the effects of injury on seven domains of life, each coded

on a four point severity scale. To maximize comparability of the

two instruments’ performance, data were collected by a small team

of research assistants working under the supervision of the study

principal investigator (L.D.N.), without direct input from the au-

thors of either instrument.

We completed preliminary factor and IRT analyses in two

phases. In Model A, we included all GOSE and FSE structured

interview items in a single model, to yield comparable estimates of

item and, by extension, test performance. In Model B, we included

all FSE items alongside the GOSE overall score in a model.

Whereas the former model maximally advantaged the GOSE by

using all item-level data available in the interview, the latter was

more consistent with the typical scoring and usage of the GOSE as

a single ordinal variable. For each model, we first tested an as-

sumption of the unidimensional IRT model to be employed that all

of the items inputted reflected a single common dimension of

injury-related functional limitations. This was achieved through

exploratory factor analysis (EFA) and one-factor confirmatory

factor analysis (CFA) using Mplus version 8.2.15 Based on prior

recommendations,11 unidimensionality of the modified GOSE

and FSE items (Model A) was established based on good fit via

practical CFA fit indices (root mean square error of approximation

[RMSEA] = 0.05, comparative fit index [CFI] = 0.95, Tucker–Lewis

Index [TLI] = 0.94), robust standardized factor loadings (0.61–0.84),

and first to second eigenvalue ratio >4 (4.56). In Model B, although

RMSEA was not suggestive of good fit (RMSEA = 0.12), we pro-

ceeded with the IRT model based on sufficient evidence for unidi-

mensionality of the model reflected by other fit indices (CFI = 0.96,

TLI = 0.95), robust standardized factor loadings (0.67–0.82), and first

to second eigenvalue ratio of 6.53.

Second, we estimated a unidimensional two-parameter/graded

response hybrid IRT model (i.e., one allowing inclusion of both

binary and polytomous items) for Model A and Model B sepa-

rately using Item Response Theory for Patient-Reported Out-

comes (IRTPRO) v. 4.2.16 The local independence assumption of

IRT was supported by all local dependence v2 statistics being well

under the recommended threshold of 10.17 This model yielded

feedback about the level of the latent continuum at which items

could be expected to be endorsed (i.e., item difficulty) and the

strength of the relationship between item responses and the latent

continuum of functional limitations (i.e., discrimination). Be-

cause of the preliminary nature of these findings and our main

objective of comparing overall information derived from each

measure, we report only test-level (vs. item-level) findings. In

particular, we computed test information for the GOSE and FSE

separately by summing each instrument’s item information values

from the combined IRT model. Test information reflects the de-

gree to which the test precisely measures a given level of the

underlying continuum of functional limitations (h). Advancing on

classical test theory, IRT allows one to separately estimate the

degree to which a test measures different levels of the continuum,

acknowledging that some items may be informative primarily, for

example, for high-severity limitations (e.g., basic activities of

daily living), whereas others may be more informative for milder

limitations. Second, test information is useful for estimating the
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precision around estimates of individual patients’ degree of

functional limitations in that information corresponds inversely,

and non-linearly, with the standard error (SE) around patients’

estimated scores conditional on their level of h as follows:

SE¼ 1=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðInformationjh

p
).

In other words, more information reflects more precise mea-

surement.

Figure 1 depicts the test information (solid lines) and SE (dashed

lines) functions for the GOSE (gray) and FSE (black). Consistent with

our hypothesis, the FSE displayed higher information across a wider

range of the continuum of functional limitations than the GOSE, both

in comparison with the model that used all item-level GOSE inter-

view responses (A) and the model that used the GOSE overall score

(B). The area under the curve (AUC) of the test information function

for the FSE was 1.98* and 4.15 times that of the GOSE for Models A

and B, respectively. As is depicted in Figure 1, the FSE yields esti-

mates of functional limitations with less measurement error (SE),

particularly for individuals with lower-severity limitations.

Strengths of this study include the application of rigorous ana-

lyses in a sample with more mild injuries than most published

samples that performed the FSE, providing strong preliminary data

Table 1. Sample Characteristics

Full sample TBI Trauma control
(N = 100) (n = 77) (n = 23)

Mean (SD) or n (%)

Demographics
Age (years) 45.0 (16.3) 44.9 (15.7) 45.3 (18.5)
Sex (male) 56 (56%) 43 (56%) 13 (57%)
Race

Black 39 (39%) 32 (42%) 7 (30%)
White 54 (54%) 39 (51%) 15 (65%)
Unknown/not reported 7 (7%) 6 (8%) 1 (4%)

Education
Below high school 15 (15%) 12 (15%) 3 (13%)
High school graduate 32 (32%) 25 (33%) 17 (30%)
College or more 53 (53%) 40 (52%) 13 (57%)

Injury characteristic
Cause of injury

Motor vehicle accident 63 (63%) 49 (64%) 14 (61%)
Fall 25 (25%) 17 (22%) 8 (35%)
Assault 6 (6%) 6 (8%) 0 (0%)
Other 6 (6%) 5 (6%) 1 (4%)

Loss of consciousness 46 (46%) 46 (60%) 0 (0%)
Post-traumatic amnesia 48 (48%) 48 (62%) 0 (0%)
Retrograde amnesia 21 (21%) 21 (27%) 0 (0%)
TBI severity group

GCS 3-8 3 (4%) 3 (4%) N/A
GCS 9-12 0 (0%) 0 (0%) N/A
GCS 13-15 CT positive 18 (23%) 18 (23%) N/A
GCS 13-15 CT negative 56 (73%) 56 (73%) N/A

Highest level of care
Inpatient 48 (48%) 34 (44%) 14 (61%)
Emergency department 52 (52%) 43 (56%) 9 (39%)

GOSE overall score
Median (IQR) 6 (5-7) 6 (5-7) 6 (5-7)
M (SD) 6.2 (1.3) 6.2 (1.3) 6.2 (1.3)

3, n (%) 3 (3%) 3 (4%) 0
4, n (%) 4 (4%) 2 (3%) 2 (9%)
5, n (%) 26 (26%) 21 (27%) 5 (22%)
6, n (%) 28 (28%) 20 (26%) 8 (35%)
7, n (%) 18 (18%) 15 (20%) 3 (13%)
8, n (%) 21 (21%) 16 (21%) 5 (22%)

FSE overall score
Median (IQR) 7 (3–12) 7 (3-12) 6 (4-10)
Mean (SD) 7.4 (5.0) 7.6 (5.1) 6.7 (4.9)

CT, computed tomography findings of acute intracranial abnormalities; FSE, Functional Status Examination; GCS, Glasgow Coma Scale; GOSE,
Glasgow Outcome Scale—Extended; IQR, interquartile range; SD, standard deviation; TBI, traumatic brain injury.

*Because the decision to collapse Shopping and Travel items resulted in
one fewer item for the GOSE than for the FSE, we also computed the AUC
ratio for mean item information. This FSE/GOSE ratio fell to 1.70 when
computed from mean item rather than test information. Although weaker than
the 1.98 ratio reported, this analysis achieved a similar conclusion about the
relative superiority of the FSE for precisely measuring functional limitations.
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about the psychometric performance of these instruments, even in

a sample for whom functional limitations 3 months post-injury

are relatively mild. Further, these preliminary data suggest that the

lower sensitivity of the GOSE as compared with the FSE is unlikely

to be overcome by leveraging a more powerful scoring approach that

uses the information available in all of the GOSE structured inter-

view questions. It is of note that this study also included a small

sample size that aggregated patients with TBI and non-brain injuries.

Advantages of this include an ability to generalize the findings across

a broader spectrum of trauma patients. That said, given the small

sample size, it is possible that IRT parameter estimates were instable,

which underscores the need to replicate these findings in an inde-

pendent, larger sample. Finally, although GOSE scores are often

dichotomized in practice, this analysis was restricted to investigating

the ordinal GOSE overall score and the individual GOSE interview

questions. Follow-up work should also examine the performance

of these outcome measures in distinct TBI strata (e.g., cohorts

with milder vs. more severe TBI), consider how different scoring

approaches affect measurement precision, and investigate how and

when it is advantageous to parse the contributions of brain from

those of non-brain injuries to ratings on these instruments.

The findings support the FSE as a promising alternative measure

to the GOSE when more fine-grained measurement of injury-

related functional limitations is desired. This may be especially

valuable for patients with Glasgow Coma Scale scores of 13–15

(e.g., ‘‘mild’’ TBI/concussion), where residual deficits can be quite

subtle. We demonstrated that, when assessed along a continuum,

functional outcome after traumatic injury is measured more pre-

cisely across a wider spectrum of severity by the FSE than the

GOSE. In offering more nuanced differentiation among individu-

als, the FSE may more accurately represent the reality of TBI

outcomes, which are more heterogeneous than can be captured by a

5/8-level ordinal variable such as the GOS/GOSE. This could in-

crease statistical power to detect relationships among other vari-

ables of interest or to demonstrate differences among different

treatment groups. On the other hand, both the FSE and GOSE

A

B

FIG. 1. Test information functions for the Glasgow Outcome Scale—Extended (GOSE; gray solid line) and Functional Status
Examination (FSE; black solid line) derived from a two-parameter/graded response hybrid item response theory (IRT) model. Model A
used all items from the structured interview for both the GOSE and FSE. Model B compares the ‘‘one-item’’ GOSE overall score to the
FSE scored from all interview items, which more closely reflects the two instruments as they are typically used in practice. Test
information reflects the degree of precision with which individual scores on the latent continuum of injury-related functional limitations
(theta, h) can be estimated across the continuum, which is inversely associated with the standard error of measurement (dashed lines)
around theta. The ratio of area under the curve (AUC) for the FSE versus GOSE was 1.98 (Model A) and 4.15 (Model B).
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appear to measure moderate-severe functional limitations better

than they can measure than milder limitations, and it is unknown

whether alternative measures would more precisely measure mild

limitations. Additionally, we caution readers from inferring from

these data that a continuous outcome measure is most efficient in all

contexts. As has been pointed out by others, the statistical effi-

ciency of binary, ordinal, or interval-level measures depends on

sample- and context-specific factors.3,18–22 Nevertheless, in pro-

viding a formal quantitative strategy for modeling the continuum of

functional limitations, mapping items onto that continuum, and

deriving estimates of outcomes using all available information, IRT

may facilitate the measurement of complex behavioral and neu-

ropsychological outcomes important to patients with TBI.
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