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Abstract 

Purpose Traumatic brain injury and spinal cord injury impact all areas of individuals’ quality of life. A synthesis of avail-
able evidence for the Traumatic Brain Injury Quality of Life (TBI-QoL) and Spinal Cord Injury Quality of Life (SCI-QoL) 
measurement systems could inform evidence-based clinical practice and research. Thus, we aimed to systematically 
review the literature of existing evidence on the measurement properties of SCI-QoL and TBI-QoL among rehabilita-
tion populations.

Methods We used the COnsensus-based Standards for the selection of health Measurement Instruments (COSMIN) 
framework for evaluating measures to guide this systematic review. We searched nine electronic databases and reg-
istries, and hand-searched reference lists of included articles. Two independent reviewers screened selected articles 
and extracted the data. We used COSMIN’s thresholds to synthesize measurement properties evidence (insufficient, 
sufficient), and the modified GRADE approach to synthesize evidence quality (very-low, low, moderate, high).

Results We included 16 studies for SCI-QoL and 14 studies for TBI-QoL. Both measurement systems have sufficient 
content validity, structural validity, internal consistency and construct validity across nearly all domains (GRADE: high). 
Most SCI-QoL domains and some TBI-QoL domains have sufficient evidence of cross-cultural validity and test–retest 
reliability (GRADE: moderate-high). Besides the cognition domains of TBI-QoL, which have indeterminate evidence 
for measurement error and sufficient evidence for responsiveness (GRADE: high), there is no additional evidence avail-
able for these measurement properties.

Conclusion Rehabilitation researchers and clinicians can use SCI-QoL and TBI-QoL to describe and evaluate patients. 
Further evidence of measurement error, responsiveness, and predictive validity would advance the use and interpre-
tation of SCI-QoL and TBI-QoL in rehabilitation.
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Introduction
Patient-reported outcome measures play a key role in 
the delivery of patient-centered care in rehabilitation [1, 
2] and have become common, or even a requirement, 
in clinical trials research [3]. The Patient Reported Out-
comes Measurement Information System (PROMIS) 
[4] and the Neurological Quality of Life (Neuro-QoL) 
[5] measurement system are two of the most commonly 
used patient-reported outcome measures. They provide 
health-related quality-of-life data collected directly from 
both the general and neurological populations. How-
ever, neither PROMIS nor Neuro-QoL included trau-
matic brain injury patients in their development [6–8]. 
While PROMIS did include spinal cord injury patients, 
they were grouped with other patient populations [9]. 
There is evidence that spinal cord injury and traumatic 
brain injury are specialized patient populations with 
their own unique concerns relative to other neurologi-
cal populations in rehabilitation [10–13]. The Traumatic 
Brain Injury Quality of Life (TBI-QoL) and Spinal Cord 
Injury Quality of Life (SCI-QoL) measurement sys-
tems were developed for traumatic brain injury and spi-
nal cord injury populations using items verbatim from 
PROMIS and Neuro-QoL, as well as including new items 
or developing new scales where relevant. The TBI-QoL 
and SCI-QoL item banks were calibrated with individu-
als with traumatic brain injury and spinal cord injury to 
assess their physical health, emotional health, and social 
participation while maintaining the metrics of respective 
PROMIS and Neuro-QoL items banks to aid in cross-
population comparison [6, 7]. Thus, TBI-QoL and SCI-
QoL are optimized for use in traumatic brain injury and 
spinal cord injury populations, while providing easy com-
parison to all populations for whom PROMIS and Neuro-
QoL can be administered.

TBI-QoL was first published in 2016 [8] and SCI-QoL 
in 2015 [6]. Since publication TBI-QoL and SCI-QoL 
have been used in clinical trials [14, 15] and clinical 
practice [16, 17]. Despite the increasing use of TBI-QoL 
and SCI-QoL, there has been no systematic synthesis of 
the measurement properties of these measurement sys-
tems to inform their use in evidence-based rehabilita-
tion. Beyond commentaries published by the developers 
of these measures [6, 7], the only synthesis available for 
these measures is of a single domain of SCI-QoL (bowel 
management difficulties) [18]. There is a need for a syn-
thesis of the measurement properties of TBI-QoL and 
SCI-QoL to inform their use and interpretation by reha-
bilitation clinicians and researchers.

Thus, the objective of this review was to systematically 
review the literature of existing evidence on the meas-
urement properties of TBI-QoL and SCI-QoL measures 
among rehabilitation populations.

Methods
In this systematic review, we followed the COnsensus-
based Standards for the selection of health Measure-
ment Instruments (COSMIN) 2018 guidelines [19]. We 
originally intended to synthesize and report informa-
tion on PROMIS, Neuro-QoL, SCI-QoL, and TBI-QoL 
in one review. However, the volume of included articles 
across these four measurement systems led us to report 
the results across multiple manuscripts. Our meth-
ods are reported accordingly, with all four measure-
ment systems present in our literature search strategy, 
followed by a focus solely on SCI-QoL and TBI-QoL 
beginning with data extraction. Our results for Neuro-
QoL and PROMIS are available elsewhere [20]. We 
conducted this review of SCI-QoL and TBI-QoL in 
accordance with the COnsensus-based Standards for 
the selection of health Measurement Instruments 
(COSMIN) 2018 guidelines [19] and report the meth-
ods in accordance with PRISMA guidelines for system-
atic reviews [21].

Literature search and eligibility
We searched electronic databases (MEDLINE, EMBASE, 
PsycINFO, and HaPI (Ovid), CINAHL (EBSCO), 
Cochrane Library, and Web of Science) and clinical trials 
registries (ISRCTN Registry and ClinicalTrials.gov) from 
inception to March 23rd, 2024. The search strategy (Psy-
chometric properties AND (Neuro-QoL OR PROMIS 
OR TBI-QoL OR SCI-QoL) AND Rehabilitation Condi-
tions; MEDLINE search strategy in Supplementary mate-
rial  1) was developed using a measurement properties 
search filter validated by COSMIN [22].

EndNote X9 [23] was used to deduplicate articles, 
after which two independent reviewers screened titles, 
abstracts, and full texts. As part of the broad scope of our 
initial review, we included peer-reviewed articles in Eng-
lish or French that provided original data on TBI-QoL, 
SCI-QoL, Neuro-QoL, or PROMIS measurement prop-
erties among rehabilitation populations (Table 1). For this 
specific manuscript, we included TBI-QoL and SCI-QoL 
articles only. We excluded articles that (1) did not inves-
tigate the measurement properties of these measure-
ment systems (e.g., used as an outcome measure only); 
(2) used these measurement systems to validate another 
measure [19]; (3) were published before 2004 (this being 
the year of the first PROMIS publication); (4) were post-
ers or abstracts or (5) pediatric or (6) non-rehabilitation 
populations (e.g., mental health, focus on surgical modal-
ity such as for orthopedic injuries, etc.). We resolved 
disagreements by consensus or with another member of 
the research team. We hand-searched reference lists of 
included articles for possible inclusion.
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Data extraction
Two independent reviewers piloted and extracted the 
methods and results of the estimated measurement prop-
erties, study characteristics, and study population data. 
Extraction was structured according to COSMIN guid-
ance [19]. We consulted a third reviewer in the case of 
any disagreement during extraction.

Data analysis
Two reviewers independently assessed the measurement 
properties in each study. They rated content validity 
against COSMIN criteria [19, 24]. All other measure-
ment properties were rated using Terwee and colleagues’ 
standards [25] as “sufficient” ( +), “insufficient” (–), or 
“indeterminate” (?) (Table 1). When these standards did 
not provide cut-offs for the statistical test in the included 
study, we summarized and reported the measurement 
properties narratively. A third reviewer was consulted 
when there were discrepancies.

We decided a priori that there is no gold standard 
measure that could be used to assess the criterion valid-
ity of TBI-QoL or SCI-QoL. We set a priori hypotheses 
based on recommendations by de Vet and colleagues [26] 
for testing construct validity and responsiveness (Supple-
mentary material 2).

Data synthesis
Within the TBI-QoL and SCI-QoL measurement sys-
tems, the research team subdivided results for synthe-
sis by domain only. No further subdivision by diagnosis, 
setting, or respondent was necessary due to uniformity 
among these characteristics.

Two independent reviewers summarized the results for 
each measurement property across studies (i.e., + / – / ± / 
?). Per COSMIN guidelines, gave an overall “sufficient” 
( +) or “insufficient” (–) rating if > 75% of measurement 
property results across studies were concurrent. We 
assigned an “inconsistent” ( ±) rating when no rating sur-
passed 75% and no adequate explanation for the incon-
sistency was provided. An “indeterminate” (?) rating was 
given when the results neither qualified as sufficient nor 
insufficient, meaning they had more than 25% but less 
than 75% sufficient ratings.

Quality assessment
Two independent reviewers assessed the methodologi-
cal quality of individual studies using the COSMIN risk 
of bias checklist [19, 27]. Each checklist item was rated 
as “very good”, “adequate”, “doubtful”, or “inadequate”. The 
overall rating of the methodological quality for a meas-
urement property was based on the worst item rating [19, 
27]. The reviewers then graded the quality of evidence for 
each property per subgroup using the COSMIN-modified 

Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach [19, 28]. The quality 
of evidence was rated “high”, “moderate”, “low”, or “very 
low” after considering the risk of bias, inconsistency, 
imprecision, and indirectness.

Results
We retrieved a total of 6289 articles and 4957 articles 
remained following deduplication. Title and abstract 
screening resulted in 381 included articles. The full-text 
screen resulted in 146 included articles and reference 
checks resulted in an additional 52 included articles for a 
total of 198 included articles. Of these, 14 were TBI-QoL 
and 16 SCI-QoL. Only one article (SCI-QoL) was identi-
fied via hand-search (Fig. 1).

All collected measured patient-reported outcomes at 
the individual level and all but one study was conducted 
in English in the United States, namely Brouwers and 
colleagues 2022 translation of SCI-QoL into Dutch and 
Flemish in the Netherlands [29]. The full extraction table 
with all study characteristics can be found in Supplemen-
tary material 3. In the text, we present the synthesis for 
each domain of TBI-QoL (Table 2) and SCI-QoL below 
(Table  3)—the analysis for each included study can be 
found in Supplementary material 4.

TBI‑QoL content validity evidence
TBI-QoL was conceptually developed via a series of 
qualitative studies [10, 11] described elsewhere [7]. Since 
the initial report of its psychometric properties in 2016 
[8, 30], the results of several studies [8, 31–36] have indi-
cated sufficient content validity based on high-quality 
evidence for all TBI-QoL domains identified in this study 
with two exceptions—evidence for comprehensibility for 
cognition general concerns and executive function are 
both rated as low quality. The one study reporting this 
information did not include all necessary methodological 
information.

TBI‑QoL evidence for all other measurement properties 
by domain
A total TBI-QoL score has been reported in a variety of 
ways, including as a global composite score [37], a com-
bination of 14 item banks [38], and all 20 item banks 
[39, 40]. In all cases, there is evidence of sufficient con-
struct validity (18/24, 1/1, and 1/1 tested hypotheses 
met, respectively). However, the evidence quality for the 
20-item bank scale is low, because the authors did not 
provide evidence that the subgroups were the same on 
key variables other than that being tested. The 20-item 
bank scale also has evidence of sufficient responsive-
ness (23/27 hypotheses met [40]) and structural validity. 
The exploratory (EFA) and confirmatory factor analyses 
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(CFA) suggest a 7-factor model rather than the 4-factor 
model found during TBI-QoL development (cognitive, 
emotional, physical, and social health) [8, 39].

The cognitive, emotional, physical, and social health 
composite scores all have sufficient construct validity 
(19–22/24 hypotheses met) based on high-quality evi-
dence [37]. Furthermore, the cognitive health composite 
score also has sufficient responsiveness (13/14 hypoth-
eses met) based on high-quality evidence.

The cognition–executive function and cognition–gen-
eral cognitive concerns short forms both have sufficient 
structural validity (CFA and IRT) [8, 36], internal con-
sistency [8, 30, 36], test–retest reliability [36], cross-cul-
tural validity [36], construct validity (28/29 hypotheses 
met) [30] and responsiveness (12/14, 14/14 hypotheses 
met) [41]. Measurement error is currently undetermined 
because while the standardized error of measurement 
(SEM) has been calculated (2.7–3.2) [41], minimal 
important change (MIC) has not, and thus it cannot be 
determined whether the SEM is less than the MIC. Theta 
values are reported for the cognition–executive func-
tion (− 3.61– to − 0.49) and general cognitive concerns 
(− 4.61–0.01) short forms. The computer adaptive tests 
(CATs) have sufficient structural validity (IRT) [8] based 
on high-quality evidence.

For all remaining domains (ability to participate in 
social activities, anger, anxiety, communication, depres-
sion, emotional and behavioral dyscontrol, fatigue, grief 
loss, headache pain, independence, mobility, pain inter-
ference, positive affect and wellbeing, resilience, satis-
faction with social roles, self-esteem, stigma, and upper 
extremity) there is sufficient structural validity [8, 32–
35, 42] and internal consistency [8, 30, 32–35, 42] for 
the short form and sufficient structural validity for the 
CAT [8, 33]. Theta values vary widely for all remaining 
domains, from − 3.87 to 0.11– and − 2.02 to 4.78).

There is evidence of cross-cultural validity for the abil-
ity to participate in social activities, asking for help, com-
munication, fatigue, headache pain, independence, and 
pain interference short forms only. All have sufficient 
cross-cultural validity except for the ability to participate 
in social activities and pain interference. The ability to 
participate in social activities in short form is currently 
rated as having insufficient evidence for cross-cultural 
validity (McFadden’s r2 = 0.393) based on moderate qual-
ity evidence because the authors did not provide all nec-
essary evidence that the subgroups were the same on key 
variables [31]. The pain interference short form is rated 
as insufficient due to differential item functioning (DIF) 
for 6 items in a low-quality study where the authors did 

Fig. 1 PRISMA flow diagram
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not report evidence that the subgroups were the same on 
key variables other than that being tested [33].

Fatigue [35] and headache pain [34] short forms have 
sufficient test–retest reliability based on high-quality 
evidence. The short forms for various domains—includ-
ing anger, anxiety, depression, emotional and behavioral 
dyscontrol, fatigue, grief loss, headache pain, pain inter-
ference, resilience, and self-esteem—predominantly met 
their respective hypotheses, with all achieving at least 
83% of hypotheses met [30, 31, 41] (add references). The 
CAT for the ability to participate in social activities [31] 
(4/4 hypotheses met) and pain interference (4/4 hypoth-
eses met) have sufficient construct validity. The ability 
to participate in social roles and positive affect and well-
being construct validity is currently indeterminant (21/30 
and 21/29 hypotheses met, respectively) [30, 31, 41].

SCI‑QoL content validity evidence
SCI-QoL was conceptually developed via a series of 
extensive qualitative studies [12, 13] described elsewhere 
[6, 12]. The articles that first published SCI-QoL included 
results indicating sufficient content validity based on 
high-quality evidence across 21 domains in 2015 [43–53]. 
Since then, a manuscript focused on the development 
of the pain interference and pain behavior domains has 
been published using the same dataset in the original 
development of the measures [54]. One article confirm-
ing sufficient content validity (comprehensibility) has 
been published outside of these development studies, in 
which the authors conduct cognitive debriefing as part of 
translating SCI-QoL from English to Dutch/Flemish [29].

SCI‑QoL evidence for all other measurement properties 
by domain
For nearly all SCI-QoL domains there is evidence of suf-
ficient structural validity (CFA and IRT) [44–51, 54], 
internal consistency [43–46, 48–50, 54, 55] and construct 
validity (all 100% hypotheses met) [43–46, 48, 49] for 
the short forms and construct validity for the CATs (all 
100% hypotheses met except resilience (6/8 hypotheses 
met [55], 13/15 hypotheses met [56]). The exceptions are 
insufficient structural validity for the positive affect and 
wellbeing, and self-esteem short forms because neither 
CFI (0.947, 0.946) nor RMSEA (0.094, 0.087) met the 
cut-offs (> 0.95, < 0.06) which in turn leads to insufficient 
internal consistency for these domains [43]. Similarly, 
the independence domain has a small number of items 
(8) and a high RMSEA (0.111) indicating possible mul-
tidimensionality; however, we maintained its rating of 
sufficient due to CFI meeting cut-off values (0.980). The 
pressure ulcers short form currently has only moderate 
level evidence for structural validity (CFA and IRT) due 
to a borderline sample size (n = 189) [45]. Two domains 

do not yet have evidence of construct validity, namely 
bladder complications and pain behavior.

Most SCI-QoL short forms have evidence of suffi-
cient cross-cultural validity and test–retest reliability. 
Among the domains for which there is evidence of these 
properties, only the test–retest reliability of the blad-
der complication scale is currently rated as indetermi-
nant (ICC = 0.69) [49]. There are several instances across 
domains in which the quality of evidence is rated as mod-
erate as opposed to high for both measurement proper-
ties. The reason is similar—the authors did not provide 
all necessary evidence that the subgroups were the same 
on key variables other than being tested or that the indi-
viduals were stable over the retest period.

There is sufficient structural validity for all SCI-QoL 
CATs based on IRT methods. In all cases, the evidence is 
of high quality. Theta values vary widely across SCI-QoL 
domains, from − 3.1 to 0.70 to 0.7 to 3.0.

Discussion
We conducted a systematic review to assess the strength 
and quality of the measurement properties of TBI-QoL 
and SCI-QoL, as guided by COSMIN’s systematic review 
framework. COSMIN’s framework does differ from oth-
ers in the field (e.g., ISOQOL [3], ISPOR [57, 58], Health-
Measures reporting guidelines [59]) as it provides specific 
requirements for strength (e.g., Cronbach’s alpha > 0.7) 
and quality (e.g., minimum sample sizes for certain sta-
tistical tests). By applying COSMIN’s requirements, 
this manuscript serves as a comprehensive resource for 
researchers and clinicians, offering recommendations for 
the evidence-based application of TBI-QoL and SCI-QoL 
based on current evidence. It should be noted that these 
recommendations may evolve as new evidence emerges.

In this review, we found that all TBI-QoL and SCI-
QoL short forms have sufficient content validity, struc-
tural validity (CFA and IRT), internal consistency, and 
construct validity. However, neither TBI-QoL nor SCI-
QoL has evidence for criterion validity or statistical 
estimates from Rasch analysis, and both have limited 
cross-cultural validity evidence and variation in theta 
values across domains. TBI-QoL has evidence for suffi-
cient test–retest reliability across domains. In contrast, 
SCI-QoL has evidence of sufficient test–retest reliability 
only for pain behavior and ambulation domains. Regard-
ing the CAT, both TBI-QoL [8, 31, 33] and SCI-QoL 
[46, 55] have some limited evidence for construct valid-
ity which suggests that it measures the same construct 
as the short form and item bank. Finally, all available 
evidence of responsiveness is sufficient; however, since 
there is no reported MIC (only MID reported), the avail-
able measurement error evidence is currently rated as 
indeterminant.
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Taken together, these results indicate that clinicians 
could integrate TBI-QoL and SCI-QoL into routine 
assessments and incorporate findings into multidiscipli-
nary care strategies, including personalized care plan-
ning that focuses on areas most relevant to each patient’s 
quality of life (i.e., describe and assess patients at a sin-
gle time point). However, clinicians should be aware that 
they may encounter limitations when using TBI-QoL or 
SCI-QoL for certain patient populations, and that there 
is limited evidence to support using these measures to 
evaluate change over time (e.g., between admission and 
discharge) and no evidence to support them in predicting 
patient outcomes (e.g., using the admission score to pre-
dict a likely outcome at discharge).

Based on the results of this review, researchers can use 
TBI-QoL and SCI-QoL for outcome measurement and 
evaluation in studies, although they should apply caution 
when using domains for which there is not yet evidence 
of sufficient cross-cultural validity in diverse popula-
tions. The evidence for TBI-QoL is slightly weaker than 
SCI-QoL due to a lack of evidence of reliability which is 
required to understand if the measure yields consistent 
scores. The standard test interval is 7 days for PROMIS 
instruments [60]. Future research contributing to this 
measurement property should adhere to this stand-
ard. Other fruitful directions for future research include 
exploring better-calibrated item sets or improving the 
measurement efficiency of fixed-length short forms and/
or CATs. Further research is also required to demon-
strate that SEM is less than MIC to result in a sufficient 
rating for measurement error for both measurement sys-
tems [19]. Together, an estimated MIC along with suffi-
cient evidence of measurement error and responsiveness 
would aid in interpreting changes in TBI-QoL and SCI-
QoL scores.

While the included articles usually provided evidence 
of high quality, there were recurring methodological 
choices that did not fit COSMIN’s standard, and thus 
we downgraded the quality scores. The most common 
was a lack of hypotheses for both the magnitude and 
direction of expected values for construct validity or 
responsiveness. Per COSMIN guidelines, the authors 
of this review had to assign testable hypotheses for the 
evidence from these studies to be interpretable [26]. 
Due to the extensive list of comparisons between meas-
ures, subgroup analyses, and pre-post-tests that we 
have compiled, we recommend that researchers inves-
tigating construct validity in TBI-QoL and SCI-QoL 
refer to the a priori hypotheses that we developed for 
this review (Supplementary material 2). We also noted 
minor issues with reporting all necessary details to con-
firm the stability of patients between administrations 

when estimating test–retest reliability and to confirm 
that subgroups are the same other than for the variable 
being tested for cross-cultural validity. Ensuring this 
information is reported in future manuscripts concern-
ing the measurement properties of TBI-QoL and SCI-
QoL domains would advance our understanding of this 
measurement system.

This TBI-QoL and SCI-QoL review was part of 
a larger review that included Neuro-QoL [20] and 
PROMIS measurement systems. Similar findings 
regarding evidence-based use were found across many 
domains and diagnoses in which these measurement 
systems are used. There is limited but strong psycho-
metric evidence of the use of anger, anxiety, depression, 
emotional support, fatigue, pain interference, physi-
cal function, sleep-related impairments, and satisfac-
tion with social roles PROMIS domains by SCI patients 
[61–64] and the same for all domains but sleep-related 
impairments and satisfaction with social roles [63–65]. 
In all cases, there is more psychometric information 
available for TBI and SCI populations for the SCI-QoL 
and TBI-QoL domains rather than PROMIS domains.

The TBI-QoL and SCI-QoL measurement systems are 
versatile, providing options to use short forms, CATs, 
or the profile, as well as the opportunity to compare 
across populations given the use of IRT and calibra-
tions of items. Among the studies to date, these meas-
urement systems perform comparably or sometimes 
better than other measures (e.g., when compared to 
other measures to generate evidence of construct valid-
ity and responsiveness). Thus, TBI-QoL and SCI-QoL 
are ideal for measuring patient-reported outcomes in 
clinical practice and in research.

Strengths and limitations
For both TBI-QoL and SCI-QoL, there were only 1–3 
articles per domain. Although the existing research is 
rigorous, there is a need for future studies to replicate 
the current evidence in varied contexts and to expand 
upon it. This would result in stronger recommenda-
tions for the use of TBI-QoL and SCI-QoL.

We had to go beyond the guidance in COSMIN’s sys-
tematic review protocol to provide ratings for some evi-
dence for this review. This included deciding to apply a 
score of ‘sufficient’ for structural validity when at least 
one criterion for CFA was met (e.g., CFI) even if others 
were not (e.g., RMSEA), and for cross-cultural validity 
when DIF was found between group factors, but they 
were found to be non-significant. The ratings for these 
two measurement properties may be more optimistic 
because of this rating strategy.
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Conclusion
Both TBI-QoL and SCI-QoL have sufficient content 
validity, structural validity, internal consistency, and 
construct validity, but with a few exceptions for some 
TBI-QoL domains, only SCI-QoL has sufficient evi-
dence of cross-cultural validity and reliability. Based 
on the current evidence, rehabilitation researchers and 
clinicians can apply TBI-QoL and SCI-QoL to describe 
and evaluate patients. The results of this review high-
light that future research investigating TBI-QoL and 
SCI-QoL’s measurement error, responsiveness, crite-
rion validity, and TBI-QoL’s reliability is required to use 
TBI-QoL or SCI-QoL to evaluate change over time or 
to predict patient outcomes. As gaps in the evidence 
base are addressed, more widespread use of TBI-QoL 
and SCI-QoL could be possible, which would contrib-
ute to a patient-centered model of care.
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