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Abstract

Background: Acquired Brain Injury (ABI) is a leading global cause of morbidity; affecting millions who often suffer from a
diverse range of complications and limited access to appropriate care.  Advances in digital technology offer promising
opportunities for more effective and accessible assessments; however, there is limited comprehensive research on the scope and
utilization of these innovations.

Objective: This scoping review aimed to identify and synthesize contemporary research on digital technologies to aid screening 
or assessment of ABI complications, in order to uncover trends, themes and priorities for future research.

Methods: Using the Arksey and O’Malley framework, a systematic search was conducted across Embase, MEDLINE, and
Scopus, with additional searches in four trial registries to capture grey literature. A search string incorporating terms related to
“ABI,” “clinical assessment,” and “digital tools” was developed a priory. Studies from 2013 to 2024 leveraging digital
technologies for ABI complication assessment were included. Exclusion criteria comprised studies involving bespoke hardware,
non-human subjects or review articles. Data synthesis and domain mapping were performed.

Results: From  5,293 studies extracted, 88 met inclusion criteria: 2 retrospective studies, 4 qualitative studies, 35 cohort studies,
42 cross-sectional studies, and 5 randomized controlled trials. The median sample included 26  participants with ABI, 51 studies
also involved non-ABI participants (median of 10 participants included). Most studies (n=70) focused solely on TBI cases, with
36 exclusively on mild TBI or concussion; 16 included mixed ABI etiologies. Digital platforms varied, with 45 studies using
smartphone or tablet technologies, 23 PC or web-based platforms, 11 telemedicine solutions, and 9 virtual reality (VR)
platforms.
The predominant research themes included: the use of digital technology to aid in screening for TBI, identifying symptoms or
functional outcomes; the assessment of cognition and communication; as well as comprehensive consultation. Most tools were
well-tolerated, with accuracy often described as comparable to standard assessments. However, the majority of studies had
smaller sample sizes, lacked long term outcomes, were limited in the diversity of patients included,  and there were few studies
assessing digital tools for comprehensive evaluation.

Conclusions: This investigation provides clinicians and researchers with an extensive overview of current research trends, and
highlights  the need for larger, more rigorous studies to optimize the use of digital technologies in ABI assessment.
Current studies are often small-scale, designed as pilot or feasibility trials, and show variability in their focus, leaving gaps in the
assessment of common complications such as pain, seizures, or participation restrictions. Expanding research into underexplored
ABI complications, broadening the scope of assessments and including diverse populations will be critical for advancing the
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field and improving outcomes for individuals with ABI. Clinical Trial: NA
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Abstract 

Background:

Acquired Brain Injury (ABI) is a leading global cause of morbidity; affecting millions who often

suffer from a diverse range of complications and limited access to appropriate care.  Advances

in  digital  technology  offer  promising  opportunities  for  more  effective  and  accessible

assessments; however, there is limited comprehensive research on the scope and utilization of

these innovations.

Objective: 

This  scoping  review  aimed  to  identify  and  synthesize  contemporary  research  on  digital

technologies to aid screening  or assessment of ABI complications, in order to uncover trends,
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themes and priorities for future research.

Methods:

Using the Arksey and O’Malley framework, a systematic search was conducted across Embase,

MEDLINE,  and  Scopus,  with  additional  searches  in  four  trial  registries  to  capture  grey

literature.  A  search  string  incorporating  terms  related  to  “ABI,”  “clinical  assessment,”  and

“digital  tools”  was  developed  a  priory.  Studies  from  2013  to  2024  leveraging  digital

technologies  for  ABI  complication  assessment  were  included.  Exclusion  criteria  comprised

studies involving bespoke hardware, non-human subjects or review articles. Data synthesis and

domain mapping were performed.

Results:

From  5,293 studies extracted, 88 met inclusion criteria: 2 retrospective studies, 4 qualitative

studies, 35 cohort studies, 42 cross-sectional studies, and 5 randomized controlled trials. The

median  sample  included  26   participants  with  ABI,  51  studies  also  involved  non-ABI

participants (median of 10 participants included). Most studies (n=70) focused solely on TBI

cases, with 36 exclusively on mild TBI or concussion; 16 included mixed ABI etiologies. Digital

platforms varied, with 45 studies using smartphone or tablet technologies, 23 PC or web-based

platforms, 11 telemedicine solutions, and 9 virtual reality (VR) platforms.

The predominant research themes included: the use of digital technology to aid in screening for

TBI,  identifying  symptoms  or  functional  outcomes;  the  assessment  of  cognition  and

communication; as well as comprehensive consultation. Most tools were well-tolerated, with

accuracy often described as comparable to  standard assessments.  However,  the majority of

studies had smaller sample sizes, lacked long term outcomes, were limited in the diversity of

patients  included,   and  there  were  few  studies  assessing  digital  tools  for  comprehensive

evaluation.  
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Conclusions:

This investigation provides clinicians and researchers with an extensive overview of current

research trends, and highlights  the need for larger, more rigorous studies to optimize the use

of digital technologies in ABI assessment.

Current studies are often small-scale, designed as pilot or feasibility trials, and show variability

in their focus, leaving gaps in the assessment of common complications such as pain, seizures,

or  participation  restrictions.  Expanding  research  into  underexplored  ABI  complications,

broadening the scope of  assessments  and including diverse  populations will  be  critical  for

advancing the field and improving outcomes for individuals with ABI. 

Introduction

Acquired brain injury (ABI), either due to traumatic brain injury (TBI), neoplasm, encephalitis

or a myriad of other causes, is a condition with an impact on millions of individuals worldwide

(1). In many developed countries there has been a surge in survival rates thanks to advances in

acute  care  and  neurosurgery  (2).  These  have  not  been  mirrored  by  a  corresponding

enhancement in equitable access to quality care during the subacute and chronic phase post-

injury  (3,4).  Though  survival  may  be  improving,  the  burden  of  morbidity  and  disability

continues to rise  (5). There is a long list of potential complications from ABI including pain,

cognitive deficits, psychological distress, mobility, sensory and balance issues (6). Often these

issues are hard to screen for and manage in the acute setting (7). Accessing appropriate care, to

identify,  treat  and  diagnose  the  complications  of  ABI,  can  feel  like  an  impossible  task  for

individuals  and  their  families  (8).  Most  health  authorities  lack  an  overarching  strategy  to

address increasing demands, with limited services in hospital or the community, threatening to

overwhelm the service (9,10). 

With the advent and acceleration of digital  technologies, healthcare professionals caring for
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individuals with ABI have an opportunity to use innovative techniques to assess, monitor and

manage complications (11) . The proliferation of mobile phone apps and the ubiquity of social

media have made the people with ABI and caregivers more connected than ever, even in the

most  remote  environment  (12).  Health   professionals  have  also  seen  an  enormous,  if

fragmentary, increase in digital tools in their practice, although most are not specific to ABI

care  (11). Innovations in virtual reality, augmented reality, wearable technology, and artificial

intelligence have the potential to revolutionize the nature and administration of ABI and make

it more equitable, effective, and personalized.

Research into digital technology in healthcare has accelerated in recent years, including in the

area of ABI assessment, but there is little information on the breadth of research in this space

(13). It is vital to map the advances in ABI assessment to inform strategies for overall care, and

reduce the burden on patients, families and health services.

Objectives

This study aimed to identify and chart research in the area of ABI assessment and symptom

monitoring, to gain a deeper understanding of recent digital innovations in ABI assessment.

The primary objective was to describe research in the use of ubiquitous “off the shelf” digital

technologies,  (e.g.  smartphones,  tablet  computers,  websites,  VR platforms and telemedicine

platforms) to screen for, assess and monitor the complications of ABI in the past decade. The

secondary objective was to chart the predominant technologies being studied, the predominant

study methodologies, the characteristics of the study participants and how technology use has

changed over time.

https://preprints.jmir.org/preprint/73331 [unpublished, non-peer-reviewed preprint]
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Methods

A scoping review was designed by implementing the Arksey and O’Malley Framework (13) and

Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines for

scoping reviews(14). The Arksey and O’Malley framework outlines 5 key steps in developing

and  carrying  out  a  scoping  review:  (1)  identifying  the  research  question;  (2)  identifying

relevant studies; (3) developing criteria for appropriate study collection; (4) charting the data,

(5)  collating,  summarizing  and  reporting  the  results,  with  or  without  expert  consultation.

PRISMA provides  best  practice  advice  for  presenting the search strategy and findings.  The

strategy for completing these steps was developed by the research team prior to completing

the review, while allowing for flexibility in keeping with the exploratory nature of a scoping

review. Per PRISMA guidelines, a protocol was not required to be registered prior to starting

the review (14).

(1) Identifying the research question

The research question was developed by all authors through an iterative process. A preliminary

search was carried out by the lead author on Medline to provide an approximate outline of the

breadth and nature of studies on digital tools for ABI Assessment. 

The primary question being asked was: What studies exist from the past 10 years that evaluate

the use of digital technologies to screen for, assess and monitor the complications of ABI across

the world? 

Secondary questions included: 

(1) What were predominant technologies being employed in these studies?

(2) Did type and frequency of different technology change over time?

(3) What patient cohorts were included in these studies, e.g. demographic, disease severity,

underlying aetiology etc. 

(4) What complications of ABI were predominantly being studied.

(5) What were the nature of the studies being performed.

https://preprints.jmir.org/preprint/73331 [unpublished, non-peer-reviewed preprint]
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(2) Identifying relevant studies 

Prior to developing a search string, definitions for the key concepts of the study were agreed

upon.  ABI was defined as any individual who suffered an injury to the brain that was not

developmental in nature or acquired at birth  (15), due the unique presentation and specific

needs of individuals with stroke  (16), it was agreed not to include this cohort in the scoping

review. Digital  health technologies were defined in accordance with the U.S.  Food and Drug

Administration (FDA) as encompassing mobile health (mHealth), health IT, wearable devices,

telemedicine,  and  AI-powered  tools  for  healthcare  assessment  and  monitoring  (17).

Assessments were defined as any method to screen for, evaluate, quantify or monitor ABI or its

complications. The context was defined as any digital technology being used to aid assessment,

monitoring or screening tests on individuals with ABI in any health setting.

A systematic  search strategy was developed by all  authors  a  Priori.  The search string was

developed to capture all studies reported across 3 databases: Medline, EMBASE and Scopus.

The  search  string  was  constructed  with  an  academic  librarian  using  a  combination  of

keywords, synonyms, and subject headings, tailored to each database’s unique indexing system

and functionalities. Terms related to “digital tools” (e.g., “websites,” “internet,” “telemedicine,”

“mobile applications,” “digital platforms”), ABI (e.g., “acquired brain injury,” “traumatic brain

injury,”  “stroke,”  “brain  trauma”),  and  clinical  processes  (e.g.,  “screening,”  “assessment,”

“monitoring”) were combined using Boolean operators (“AND,” “OR”) to refine results. Through

an extensive process of trial searches and refinement a comprehensive list of search terms and

synonyms were collated to be included, this was further refined through a search for other

keywords through reviewing relevant citations of screened articles. Full details of the search

string can be found in the supplementary materials.

The  search  string  was  constructed  with  an  academic  librarian  using  a  combination  of

keywords, synonyms, and subject headings, tailored to each database’s unique indexing system

and functionalities. Terms related to “digital tools” (e.g., “websites,” “internet,” “telemedicine,”

“mobile applications,” “digital platforms”), ABI (e.g., “acquired brain injury,” “traumatic brain

injury,”  “stroke,”  “brain  trauma”),  and  clinical  processes  (e.g.,  “screening,”  “assessment,”

“monitoring”)  were combined  using  Boolean operators  (“AND,”  “OR”)  to  refine  results.  Full

details of the search string can be found in the supplementary materials.

A strategy for including Gray Literature was confirmed A Priori.  Scopus was utilized for its

innovative  feature  that  searches  across  multiple  pre-print  databases,  Embase’s  feature  for
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screening for conference abstracts was implemented, which were then used to search for full

text articles both published and unpublished. As well as research databases , 4 clinical trials

registries were searched using broad search terms:  the International  clinical  trials  registry,

clinicaltrials.gov,  the  Eu  Clinical  trials  register  and  the  UK’s  ISTRCN  (originally  called

International Standard Randomised Controlled Trial Number).

(3) Developing criteria for appropriate sources of evidence 

The criteria for including articles in the process of charting and data mapping were decided by

all authors following the preliminary search.

The inclusion criteria were all studies that: 

1. Were published in English (the language of the study authors)

2. Focused  on digital  health  tools  (18,19) for  screening,  evaluating,  or  monitoring  ABI

symptoms (either solely or as part of a larger patient cohort).

3.  Reported primary research findings.

4.  Were  published  between  January  2013  and  December  2024  inclusive  (this  time

window  was  chosen  in  light  of  the  preliminary  search,  which  concluded  that

technologies prior to this were outdated and less relevant to current standard of care).

The exclusion criteria were studies that:

1. Did not specifically address ABI or solely focus on participants with stroke.

2. Focused on non-digital methods of assessment without integrating digital tools, or when

digital tools were not the focus of the evaluation.

3. Were  narrative  or  systematic  reviews,  meta-analyses,  editorials  or  opinion  pieces

lacking original research data.

4. Were  descriptive,  protocols  only  or  still  in  development,  i.e.  they  did  not  involve

assessment of real human participants with ABI.

5. Did not have accessible full texts.

6. Included bespoke clinical devices that were not off the shelf or readily available digital

technologies (for example, digital ICP monitors or robotic gait aids).

All  articles  capture  in  the  systematic  search  were  saved  on  a  systematic  review  platform,

Rayyan ™.  The titles and abstracts of  all  articles were screened for relevancy by 2 authors

working independently and blinded to each other’s decisions.  Following the title and abstract

screen the 2 authors were unblinded and  resolved any incongruent decisions unanimously,
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with a 3rd tie-break  author included if needed.

(4) Charting the data:

A  table  of  relevant  information  to  chart  was  developed  as  an  iterative  process  based  on

preliminary  searches  in  line  with  the  Arksey  and  O’Malley  framework.  Key  information

included was: The 1st author, year of publication, nature of the technology, area of assessment,

aim of the study, details of participants’ diagnosis and demographics, the methodology of the

study, primary outcome measures and key findings of the study. An evaluation of the quality of

studies was not performed as this was beyond the remit of this study’s question and the nature

of a scoping review. 

(5) Collating, summarizing and reporting the results.

Data was analysed to identify the predominant research themes, technologies used, primary

outcome  measures  and  key  findings;  this  was  presented  as  a  table  subdivided  by  theme,

specific technology employed and assessment method.

Results:

Figure  1 is  a  PRISMA-SCr  flowchart  describing  the  results  from  the  review  and  selection

process.  Detailed information on search results from each source of evidence can be found in

the multimedia appendix under: (Search strategy and definitions).

Figure 1 PRISMA-SCr flowchart outlining the results from the review and selection process.

a  Excluded due to subject not fitting review criteria, i.e. studies that do not evaluate the use of
digital technology for clinical assessment.
bExcluded due to design or participants not fitting review criteria, i.e.  studies which do not
include human participants with ABI, or review studies.
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Population Characteristics and Study Types

The median number of participants with ABI in each study was 25.  There were 44 studies with

healthy  controls  or  participants  without  an  acquired  brain  injury,  the  median  number  of

control participants in these studies was 50. 

Table 1 outlines the types of study and ABI cohort sample sizes, more detail on the design,

methods and participant characteristics of specific studies can be found in the supplemental

table in the appendix.

Figure 2 illustrates  the  participants  included divided by etiology and injury severity.   The

majority  of  articles  described  their  population  as  adults,  6  studies  investigated  paediatric

participants only, 8 studies specifically included military personnel or veterans and 12 studies

included athletes or individuals with sports related TBI solely. More detailed information on

each studies characteristics may be found in the multimedia appendix (supplemental table).

Table 1: Study divided by type and ABI cohort size
Variable Value: n (%) References
   Study Type

Randomized Control Trials 5 (6)


ABI cohort only 5 (6) (19–23)

Cohort Studies 35 (40)


ABI cohort only & no comparator assessmenta 15 (17) (24–37)


Inc. non-ABI controls with no comparatora 4 (4) (38–41)


Inc. comparator assessment with ABI cohort only 4 (4) (42–45)


Inc.  non-ABI controls & comparator 12 (14)

https://preprints.jmir.org/preprint/73331 [unpublished, non-peer-reviewed preprint]
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

Cross sectional Study 42 (48)


 ABI cohort only & no comparator assessmenta 4 (4) (46–61)


 Inc. non-ABI controls with no comparatora 15 (17) (62–77)


 Inc. comparator assessment with ABI cohort only 6 (7) (78–83)


 Inc.  non-ABI controls & comparator 17 (19) (84–100)

Qualitative Study 4 (4) (101–104)

Retrospective review 2 (2)


 Included non-ABI cohort 2 (2) (105,106)

  ABI Cohort Population Size


 <20 29 (33)


 20-40 27 (31)


 41-100 18 (20)


 101-200 12 (14)


 >200b 2 (2)

n = number of studies, (%) = percentage of included studies.
a Comparison of studied tool/assessment to a different assessment was not a primary outcome
b Both studies were retrospective reviews

https://preprints.jmir.org/preprint/73331 [unpublished, non-peer-reviewed preprint]
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Fig 2: Characteristics of Participants: Etiology of ABI, TBI Severity and non-ABI cohort.

a Studies included varying proportions of participants with TBI, encephalitis, ischemic stroke,
haemorrhagic  stroke,  neoplasm,  epilepsy  or  were  unspecified.  Single  etiology  involves
participants with tumour (43) or focal epilepsy(31)
b Co-morbid cohorts included participants orthopaedic injuries, pain syndromes, psychosis, a
history of trauma or mild cognitive impairment.  Healthy pertains to individuals specifically
identified  as  being  “healthy”  cohorts  and  undifferentiated  members  of  the  public.  Mixed
included both healthy and comorbid participants without ABI or TBI. 

Digital Technologies 

The majority of studies (n =45) focus on the use of smartphone (n=37) or tablet computer

(n=8) based platforms for assessment of individuals with ABI. All of these studies specified that

they used a proprietary or commercial application (app) to carry out assessments. Twenty-

three  studies  describe  computer  based  (n=11)  or  web  (n=12)  based  tools;   11  studies

employed a telemedicine or teleconferencing platform, 9 studies used a virtual reality (VR)

platform which  included  computer  and  VR  eyewear.  Five  studies  described  using  machine

learning or artificial intelligence techniques alongside either a smartphone, tablet computer,

computer or web-based platform. Figure 3 illustrates the trends in technologies studied over

time.

https://preprints.jmir.org/preprint/73331 [unpublished, non-peer-reviewed preprint]
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Figure 3: Trends in technologies studied over time.

Mapping the Evidence: Study Themes, Outcomes, and Key Results

Table  2: Summarizes  the  predominant  research  themes,  technology  platforms  used,

assessment types, main outcome measures and key findings of each report. A more detailed

description of each study is included in the multimedia appendix (supplemental table).

Table 2: Description of assessment tools, outcomes and key findings, divided by theme and technology type (N=87)

Theme &

Assessment

Author

(Year)
Product Outcome Measures Main findings

1. TBI Detection or Screening (n=10)

(i) Smartphone or Tablet Based Tools

Speech analysis

Falcone  M,

(2013)

(44)

LIBSVM  –  based

platform

Sensitivity  in  mTBI  screening  vs  expert

assessment

Platform was 98% accurate in detecting

mTBI vs expert screening

Yadav  N,

(2016)

(71)

Sphinx Toolkit
Timing and frequency differences in speech

in TBI-C vs HC

SPHINX detected significant timing and

frequency differences in TBI-C vs HC

Passive  sensor

analysis

Shelke  S.

(2021)

(39)

TBI2Vec
Sensitivity in mTBI screening over time vs

HC

The  TBI2Vec  model  was  sensitive  at

identifying mTBI, most accurate at 2d &

12 h post injury

Screening exam

Wilkerson

GB.  (2020)

(89)

Flanker Test -app

adapted

Test-retest  reliability,  correlation  with

symptoms on wellness survey in TBI-C

App-based  Flanker  Test  had  good

reliability;  scores  correlated  with

reported symptom burden

(ii) Computer or Web Based Tools

Online survey Lequerica

AH, (2018)

(107)

OSU-BID
Completion  rate;  correlation  with  RPQ,

PRQS, CSS

OSU-BID had an 89.4% completion rate;

correlated  with  RPQ  but  not  PRQS  or

CSS.

Gardner

RC,  (2020)

 OSU TBI-ID Reliability  across  time,  sensitivity  in

screening for TBI vs NACC-UDS screen

OSU-TBI-ID was reliable across time and

more  sensitive  than  NACC-UDS  for

identifying TBI.
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(90)

Sullivan

KA,(2024)

(108)

Qualtrics™,

OSUTBI-ID

Completion  rate,  correlation  of  indices  of

TBI  severity  with  symptom  scales  (inc.

PCSS)

High completion rate (94% of responses

included), indices of severity correlated

strongly with PCSS etc.

CATI

Cuthbert

JP, (2016)

(41)

OSU-BIIM CATI
Retest  reliability  for  cumulative,  severity,

and age-related indices of injury

Reliable for indices of most severe TBI,

moderate for cumulative injury indices;

poor for age indices.

Speech  &  facial

expression

analysis

Schultebra

uck  K,

(2021)

(91)

Parselmouth  ™,

Openface™
Correlation  with  WebNeuro  ™  cognitive

battery, in TBI vs HC

Both tools showed a strong correlation

between  abnormal  speech/expression

findings and WebNeuro scores

(iii) Telemedicine Based Tools

Acute  mTBI

screening

Vargas  BB,

(2017)

(79)

VGo™

Telemedicine

Robot

Agreement of telemedicine screen for sports

related  mTBI  vs  on-field  screen  and  RFP

decisions

Near 100% agreement in SAC scores, K-

D test times, mBESS scores and RFP. RFP

decisions were consistent 100% of  the

time.

2. Symptom Assessment or Monitoring (n = 28)

(i) Smartphone or Tablet Based Tools

EMA  for

symptom

monitoring

Sufrinko,

A.  M,

(2019)

(44)

Ilumivu ™ System

-app

Response rate, correlation with PCSS, VOMS,

cognitive screening, and recovery time

Mean  EMA  completion  rate  of  52.4%,

recorded  symptoms  correlated  with

PCSS, VOMS and recovery time, but not

cognitive screens

Liu  K,

(2022)

(33)

Healthstories

Online™ -app

Completion  rate,  correlation  of  EMA

symptom findings with HIT-6 scores.

EMA responses averaged of 2.5 entries

per week, there was a strong correlation

with HIT-6

Ezekiel  L,

(2023)

(109)

Proprietary

Android App 

Usability  scores  (SUS)  and  interview

feedback, sensor reliability

Participants  reported  good  usability;

sensors  found  to  be  unreliable  at

capturing activity

Ezekiel  L,

(2024)

(104)

ThinkAloud™ 
Rate  of  EMA  completion,  themes  from

participant & therapist interviews

Mean  EMA  completion  rate  of  78%;

broad  range  of  themes  derived  from

interviews,  inc.  understanding

challenges, etc.

Lazeron-

Savu  E,

(2024)

(31)

PsyMate™ 

Compliance and completion rate, changes in

fatigue (DMFS) score at week 6, qualitative

feedback

70% of participants used app, of whom

71%  gave  improved  DMFS  scores  at

week 6; EMA completion rate averaged

56%;  reported  to  be  useful  for

identifying triggers

EMA  for

psychological

symptoms

Juengst SB,

(2015)

(35)

iPerform ™
Compliance with EMA prompts, satisfaction,

and useability rating

Mean EMA completion rate was 73.4%;

high  satisfaction  and useability  ratings

given,  EMA reports strongly correlated

with PHQ-9 & GAD-7
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Juengst SB,

(2019)

(110)

iPerform ™ Variability in symptoms across time

Reporting  of  all  emotional,  fatigue and

associated  symptoms  fluctuated

significantly across time

Juengst SB.

(2023)

(59)

BAST-mHealth
Compliance with EMA prompts,  agreement

with “full” BAST scores

79.7%  of  participants  completed  >/=

80%  of  EMA  prompts;  no  significant

difference in results vs standard BAST

Little  JR,

(2017)

(20)

"mCare" App

Wellbeing  score  (GWS)  and  case

management  quality  scores  (CMQQ)  in

treatment (mCare) vs control (SOC) arm

No  statistically  significant  change  in

GWS  or  CMQQ  in  either  control  or

treatment  arm.  Participants  reported

app to be useful

Forster  SD,

(2020)

(25)

MovisensXS ™ 

Compliance  rate,  response  variation  over

time,  correlation  between  compliance  and

demographics

Mean EMA completion rate was 71.4%;

there  was  significant  fluctuation  in

responses  across  time,  compliance  not

associated  with  age,  depressive

symptoms, or impairments

Rabinowit

z A, (2021)

(27)

RealLife  Exp.™

(LifeData

Systems)

Response  rate,  association  of  various

activities  with  reported  affect  (e.g.  on

PANAS, etc.)

Mean  EMA  completion  rate  was  17%;

association  of  activities  with  affect

varied by respondent

Rabinowit

z A, (2024)

(26) 

RealLife  Exp.  ™

(LifeData

Systems)

Response rate, association of activities with

reported  affect  (e.g.  on  PANAS,

accomplishment scale etc.)

Mean  EMA  completion  rate  was  65%;

association  of  activities  with  affect

varied by respondent

Sherer  M

(2024)

(23)

Mood  Tracker

app, (iLumivu™)

PHQ-9  ad  GAD-9  scores  in  treatment

(receiving  EMA)  vs  control  (SOC)  arm,

compliance rate

No  significant  difference  in  emotional

distress scores between treatment and

control  groups;  mean  EMA  response

rate was 80

Function  +/-

quality  of  life

survey

Gvozdanov

i  AC,

(2022)

(42)

Vinehealth Completion rate, participant feedback

Survey had low completion rate due to

technical issues, participants reported it

improved their care

Shukla  D,

(2023)

(81)

GOSE (adapted)
Agreement with  the interview-based GOSE

scores

Agreement  of  app-based questionnaire

results  compared  with  the  interview

results.

Lumetta  K,

(2023)

(82)

FACT  (novel

survey)

Correlation  of  responses  on  FACT  survey

with SCAT and PCSS

The  impact  of  symptoms  on  function

recorded  via  FACT  correlated  strongly

with worse SCAT and PCSS scores

Survey  on

activity  with

actigraphy

Huber  DL,

(2019)

(57)

mHealth  Survey

(MS), Fitbit

Activity  levels  in  TC  vs  HC.  Correlation

between  self-reported  activity  and

actigraphy 

TC  demonstrated  less  activity  on

actigraph  monitoring  vs  HC.  Moderate

correlation  between  self-reported

activity and actigraphy

Wen  PS.

(2021)

MOVES™ App Study  retention,  satisfaction  rate;

correlation  of  activity with PART-O scores;

activity rate in TBI-C vs HC

Study  had  75%  retention  rate,  high

satisfaction;  activity  had  moderate

correlation with PART-O scores; TBI, HC
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(58)

Survey on sleep

(+/- actigraphy)

Lee  MJ,

(2021)

(48)

MySleepScript

App

Time to completion, sleep quality scores in

TBI cohort vs other ABI

Mean completion time was 16 min, TBI

cohort  reported  worse  sleep  quality

scores vs other ABI

Morrow EL

(2024)

(28) 

Actigraph GT9X™

activity monitor

Sleep duration,  rate  of  "wakeups"  vs  sleep

quality reports. Accuracy in self-reporting in

TC vs HC

Strong  correlation  between  reported

sleep  duration  and  actigraphy  in  both

groups,  no  correlation  between

reported sleep quality or actigraphy in

either group.

EMA  and  heart

rate  variability

(HRV)

monitoring

Nabasny A,

(2022)

(38)

BAST  mHealth™

and  Elite  HRV™

apps;  Polar  10

HR sensor.

Compliance  with  HRV  monitor,  covariance

between  HRV  and  EMA  neuro-behavioural

(NB) symptom responses

There  was  high  compliance  (85%  of

HRV  scheduled  recordings  completed)

HRV did not show consistent correlation

with reported NB symptoms.

Predicting

symptoms

Schultz  LS

(2024)

(32)

Mindstrong

Discovery™

Rate  uptake  (consent  to  install  app)  and

transfer  of  data,  prediction  of  depression

(compared to PHQ-9 etc.)

93.8%  of  subjects  consented  and

installed  app,  of  whom  93.3%  had  at

least  1  data  transfer;  sensor  analysis

predicted  depression  greater  than

chance

(ii) Computer or Web Based Tools

CATM Survey 

Suffoletto

B,  (2013)

(19)

TIPS  –  software

not named

Changes  on  symptom  burden  scales  (RPQ,

and  PHQ-9)  in  IA  (CATM  assessment  and

advice) VS CA (SOC)

Participants in IA tended to report fewer

and less symptoms at trial end, but not

statistically significant

Anthony

CA,  (2015)

(24)

CSSS  –  software

not named

Repeatability coefficient of symptom scores

across time.

CSSS  were  poorly  repeatable  across

time (mean 23.6 day follow up).

Schoenfeld

R,  (2022)

(34)

ConText  -

Software  not

named

Completion  and  retention  rate  of  CATM-

survey, correlation with PCSI

High  completion  and  retention  rate,

correlated with initial PCSI

CATI

Wong  AK,

(2014)

(68)

CAT CPI  Completion  rate  of  online  vs  CAT,  factors

associated with choice off online VS CATI

CAT-CPI  had  a  34%  completion  rate,

there  was  no  significant  difference  in

completion rate between online survey

or CATI

Karvandi

E,  (2024)

(29)

Onlinesurveys.ac.

uk

Number of eligible patients, follow-up rates,

survey response rates

The  1st survey  had  a  67%  completion

rate,  47.5%  of  participants  completed

all  three;  reported  to  be  useful,

acceptable & user friendly

Online survey

Shaikh  N,

(2021)

(49)

BIST 
Internal  construct  validity,  dimensionality,

Rasch analysis findings

BIST demonstrated acceptable model fit,

good reliability,  and uni-dimensionality

for  screening  mTBI  symptoms  and

quantifying severity

3. Clinical or Physical Examination (n = 18)
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(i) Smartphone or Tablet-Based Tools

Gait,  balance or

posture

examination

Rhea  CK,

(2017)

(43)

AccWalker ™ App

Sensitivity to neuromotor changes in TBI-C;

correlation with cognitive tests (inc. RBANS

etc.)

App  was  sensitive  to  neuromotor

changes  and  correlated  strongly  with

cognitive assessments

Rhea  CK,

(2022)

(111) 

AccWalker ™ 
Comparison  of  movement  variability  (MV)

in TBI-C vs CC

The  app  demonstrated  a  significantly

higher MV in TBI-C compared to HC

Feigenbau

m  LA,

(2019)

(112) 

Cane-Sense™
Correlation of  Cane-Sense & mBESS scores

in pre and post injury TBI-C

Cane-sense more likely to be abnormal

in post injury mTBI cohort than mBESS

scores

Manor  B,

(2019)

(47)

TeamStudy ™ 
Correlation of TBI burden and LOC history

with balance scores

Both a high TBI burden and LOC history

correlated with balance scores

Kis  M,

(2020)

(72)

EQ  balance™,  &

Sway Balance™  

Safety;  agreement  in  balance  findings

between  apps  and  difference  in  findings

between TBI-C vs HC

Both  apps  were  safe,  with  strong

consistency in results, balance scores in

TBI-C were worse than HC

Dummar

MK, (2024)

(60)

Sway Balance™ 
Difference in mBESS scores in TBI-C vs HC,

changes over time, correlation with SOT

Sway™  identified  significant  difference

in mBESS scores in TBI-C vs HC, stable

findings  over  time,  no  correlation

between mBESS scores & SOT scores

Tirosh  O,

(2024)

(74)

TelePhysio™ 
Difference in postural sway metrics in TBI-C

vs HC

App identified  greater  sway metrics in

TBI-C vs HC

Pupillary  Light

Response  (PLR)

exam

Carrick FR,

(2021)

(106)

BrightLamp

Reflex ™  
Difference in PLR parameters in TBI-C vs CC

Significant  differences  in  multiple  PLR

parameters  in  TBI-C  vs  CC;  PLR  also

varied across age and gender

McGrath

LB,  (2022)

(69)

PupilScreen™
Predictive value of abnormal PLR findings to

identify TBI-C vs HC.

>90% positive predictive value for TBI

based  on  PLR  findings,  high  within-

group reliability

Maxin  AJ,

(2023)

(113)

PupilScreen™ 
Sensitivity identifying PLR abnormalities in

TBI-C vs HC, compared to pupillometry

PupilScreen™  app  was  more  sensitive

for detecting PLR abnormalities in TBI-C

(vs compared to pupillometry

Dutta  P,

(2024)

(77)

Reflex Pro™ Difference PLR findings in TBI-C vs HC

Reflex  Pro™  identified  significant

differences in PLR parameters in TBI-C

vs HC

(ii) Computer or Web-Based Tools

Analysis of limb

movement

Mobbs  A

(2024)
DeepLabCut ™ 

Agreement  of  ML-based  analysis,  and

clinician rated limb movement abnormality

ML  rating  of  abnormal  gait  strongly

agreed with clinician scores
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(94) during gait

(iii)          Telemedicine Platform (TMP)

Adapted  clinical

exam 

 

Llamas-

Rojas  R

(2023)

(37)

FMA-TV
Agreement between FMA-TV and in person

FMA (CIC and WKI)

Substantial agreement between FMA-TV

and in-person FMA

Soria  MZ,

(2023)

(83)

OMES,  Google

Meet™ 

Reliability  of  TMP OMES with in-person

OMES 

Excellent  reliability  between  OMES

scores  from  TMP  and  in  person

assessments,

(iv)          Immersive Virtual Reality (VR) Based Tool

Balance  or  Gait

assessment

Teel  EF,

(2015)

(86) 

VR  Balance

Module

Correlation of VR scores and pressure plate

findings

VR  based  balance  scores  correlated

strongly with pressure plate findings

Sarker  P

(2022)

(51)

HTC  Vive  Pro,

Sranipal SDK, 

Sensitivity  in  screening  for  TBI-C  vs  HC;

sensitivity compared to VOMS scores

VR  headset  eye  tracking  was  more

effective  at  delineating  TBI-C  over  HC

than VOMS findings

Robitaillea

N,  (2016)

(65)

VrAI  
Difference in walking fluidity in TBI-C vs HC;

subject feedback

Walking fluidity  less  dynamic  in  TBI-C

vs HC, mostly well tolerated, one subject

suffered nausea

Visual  neglect

assessment

Painter DR,

(2023)

(54) 

The  Attention

Atlas 

Correlation  with  clinical  assessments  for

neglect; feasibility

VR  search  task  correlated  well  with

clinical assessment for neglect; feasible

study protocol

4. Cognition or Memory (n = 24) 

(i) Smartphone or Tablet-Based Tools

Battery  of

assessments

Yang  S,

(2017)

(88)

Brain

Check™

Sensitivity screening for cognitive deficits in

TBI-C vs HC

All  tests  sensitive  in  identifying

cognitive deficits in TBI-C vs HC

Rice  V,

(2019)

(75)

ANAM 4, VA
Difference  of  ANAM  subscales  &  VA  voice

analysis findings in TBI-C vs HC

ANAM  mood  subscale  significantly

different  in  TBI-C vs HC,  no difference

seen in VA or other ANAM subscales

Rebchuk A,

(2020)

(105)

NIHTB-CB
Accuracy  of  NIHTB-CB  scores  in  ABI-C

(mTBI & stroke) vs NIH-BI scores

NIHTB-CB overestimated fluid and total

cognition  in  ABI-C,  otherwise  accurate

vs NIH-BI

Spreij  LA,

(2020)

(100)

d-NPA™

Completion  rate,  validation  through

comparing HC results to known paper-based

test percentiles 

d-NPA had a 94% completion rate, 34%

of  HCs  scored  in  10th percentile  for

paper-based norms

Novel  or  adapted

assessment

Wallace

SE,  (2019)
STAN

Correlation of  STAN with MoCA and CLQT;

feedback on comfort

Moderate  correlation  with  MOCA  &

CLQT; mixed comfort levels reported
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(80)

Chen  PM,

(2024)

(84)

ImPACT-QT Completion time, usability ratings

Mean  completion:  9.3  minutes,  most

participants  reported  test  was  easy  to

understand (93%)

Task-based

assessment

Fischer TD,

(2016)

(87)

King-Devick

(KD) ® 

Response  time,  sensitivity  screening  for

mTBI vs standard assessment; differences in

TBI-C, orthopaedic cohort and HC

TBI-C  responses  were  significantly

slower vs  orthopaedic  and HC;  similar

sensitivity  and  specificity  vs  standard

assessments

Memory  training

& testing

Morrow EL

(2024)

(50)

Memi™
Completion  rate,  usability  (SUS),  interview

feedback

MEMI had a 98% completion rate, most

participants reported it was easy to use

and helpful

AR-based

screening

Mendez-

Lopes  M,

(2024)

(63)

SLAM™-

based

proprietary

app

Usability (UAS), interview feedback, time to

task completion

UAS scores from TBI-C were positive but

slightly  lower  than  HC;  mean  time  to

complete  tasks was  longer in  TBI-C vs

HC

(ii) Computer or Web Based Tools:

Task-based

screening

Canty,  AL,

(2014)

(53)

VRST

Correlation  of  VRST  scores  with

occupational  activity  (OA)  and  cognitive

battery (inc. HVLT revised, TMT A + B, etc.)

VRST  correlated  with  OA,  and  mental

flexibility  and verbal  fluency scores on

standardised  battery,  high  usability

ratings

Goverover

Y,  (2015)

(66)

Actual Reality 
Completion  rates,  performance  times,

number of errors in TBI-C Vs HC

TBI-C  took  significantly  longer  to

complete the task, with more errors vs

HC

Martínez-

Pernía  D,

(2017)

(46)

Serious Game
Completion and error rates, quantitative and

qualitative user feedback

Participants  had  no  commission,

omission  or  preservation  errors,

therapists and ABI-C reported test was

useful and easy to use

Van

Nostrand

(2019)

(64)

Proprietary

computer  based

assessments

Correlation between performance and mTBI
Individuals  with  mTBI  demonstrated

worse results

Nadler  T,

(2022)

(93)

IBPT

Time  and  cues  needed  to  complete,

correlation  with  executive  function  (EF)

battery in TBI-C vs HC

TBI-C required significantly  more  time

and  cues  to  complete  IBPT,  this

moderately  correlated  with  EF  battery

scores

Lencsés  A

(2024)

(96)

Virtual Week
Prospective and retrospective memory (PM

and RM) scores in ABI-C vs HC

ABI cohort  had significant PM and RM

deficits compared to HC across tasks

Battery  of

assessments

Spreij  LA,

(2021)

d-NPA ™ Performance  stability  in  ABI-C  vs  HC  in

adapted battery (inc.  RVLT, TMT A+B, SCWT,

etc.)

Significantly  reduced  in  performance

stability in ABI-C vs HC, across all tests

and over time
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(76) 

Del

Giovane M,

(2023)

(55)

Cognitron ™ 
Correlation of tests with MOCA and RBANS

in TBI-C

Cognitron  Battery  correlated  strongly

with MoCA and RBANS in TBI-C

Pellinen

(2024)

(30)

Cogstate™  Brief

Battery (CBB)

Completion  rate  of  cognitive  battery,

characteristics  associated  with  non-

completion

CBB had a  61% completion  rate;  non-

completion  was  associated  with  sex,

gender, race and learning disability

Adapted

screening test

Schatz  P,

(2013)
ImPACT 

Sensitivity  and  specificity  in  screening  for

cognitive issues in TBI-C vs HC.

Web-based ImPACT screen was sensitive

and  specific  for  mTBI  with  cognitive

issues vs HC

(iii) Immersive Virtual Reality (VR) Based Tool

Task  based

assessment

Okahashi,

S  (2014)

(67)

VSTR

Shopping-task  completion  rate,  time  to

completion,  subjective  difficulty  rating  in

TBI-C vs HC

VSTR  completion  rate  was  similar  in

TBI-C  and  HC,  TBI-C  took  longer  to

complete;  HC  was  more  likely  to  rate

certain tasks as difficult

Seton  C,

(2023)

(61) 

SeaHero  Quest

(SHQ)

Distance to navigate to virtual end point in

TBI-C vs HC; correlation with SDS

TBI-C took longer to reach waypoint on

SHQ, this correlated with the SDS

Adapted  battery

of assessments

Teel  EF,

(2016)

(52) 

HeadRehab 

Sensitivity  and  specificity  in  identifying

cognitive & sensorimotor deficits in TBI-C vs

HC

VR cognitive and sensorimotor modules

were  sensitive  &  specific  for  detecting

deficits in TBI-C vs HC

Shen  J,

(2022)

(92)

VR CAT
Correlation with NIH-T scores and feedback

on satisfaction and realism

Composite  VR  CAT  scores  correlated

with NIH-T; satisfaction reports largely

positive

Malegiann

aki  AC,

(2024)

(102) 

CBAAD

Sensitivity  screening  for  attentional

dysfunction (AD) in TBI-C vs HC; correlation

with the ARCES

CBAAD was sensitive screening for AD;

it correlated well with ARCES

5. Language and communication (n = 4)

(i) Telemedicine Platform (TMP)

Discourse

assessment

Cruse  N,

(2024)

(40)

Zoom™

Feasibility,  mean  completion  time,

differences in discourse quality (grammar

& proposition analysis) in TBI-C vs HC

Assessments  completed  quickly,

without technical difficulties; reduced

quality of narrative discourse in TBI-C

vs HC

Turkstra

LS  (2023)

(78)

Aphasia  bank,

Internal TMP

Reliability  of  discourse  assessment  via

TMP vs in person

Reliable findings of discourse quality in

TMP vs in-person assessments

Communication

assessment 

Rietdijk  R,

(2017)

Skype™,

adapted LTCA 

Difference  in  LTCA score on TMP  vs  in-

person assessments (performed on same

There were no significant differences

on LTCA scores on TMP vs in-person
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(45) day) assessments.

Rietdijk  R,

(2018)

(21) 

Skype™,

adapted  MSC  &

MPC 

Task  completion,  interrater  reliability,

correlation with in-person assessment

There were no significant differences

in  assessment  findings  between

telemedicine  and  in-person

assessments.  Skype  was  used

successfully with 17/19 participants

6. Comprehensive Consultation (n = 4)

(i) Telemedicine Platform (TMP)

TMP-based

consultation

Marckman

n  C,

(2020)

(103)

TMP not named

Service  uptake,  wait  times,  subject

satisfaction  (Likert  scale),  est.  cost-

savings vs in-person

Median  1-day  wait  for  consultation

post-TBI,  mean  54.3  miles  travel

saved, high program uptake (80% of

trainers  surveyed  used  the  service);

mean satisfaction was 4.75/5

Ellis  MJ,

(2019)

(102)

Cisco Jabber 
Description  of  service  &  subjects;  est.

cost-savings vs in-person

Significant  cost  saving  compared  to

in-person clinic

Elbin  RJ,

(2021)

(22)

Videoconferenci

ng software  not

named

Caregiver  reported  therapeutic  alliance;

patient satisfaction

Similar  levels  of  therapeutic  alliance

reported;  similar  satisfaction  scores

in TMP and in-person group

Caze  Ii  T,

(2020)

(101) 

TMP not named

(internal

program)

Description  of  service  and  subject

characteristics

Median time from TBI to 1st visit: 21

days,  average of  2.2  visits,  55.6% of

subjects  cleared  to  return  to

learn/play at a median of 15.5 days

Key Abbreviations (comprehensive abbreviation list can be found in supplemental table)

TBI Traumatic Brain injury

ABI Acquired Brain Injury (Cohort may include TBI if at least one other etiology included)

TBI-C TBI Cohort (participants with TBI)

ABI-C ABI cohort (participants with ABI)

HC Healthy Controls

CC Co-morbid controls

IA Intervention Arm of a clinical trial (can include a novel/adapted assessment as the “intervention” – per WHO guidelines of Ct”)

CA Control ARM of a clinical trial 

CATM Computer assisted text messaging

CATI Computer Assisted Telephone Interview

SOC Standard Of Care

TMP Telemedicine platform

ML Machine Learning

RFP Return to field of play

EMA Ecological momentary assessment (regular real time screening of symptoms)(114)
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Discussion:

This scoping review reveals a growing and diverse range of digital tools and platforms that

have  been  investigated  to  better  assess,  evaluate  and  monitor  for  ABI  symptoms  and

complications across various populations and clinical settings. Advances in mobile and web-

based  platforms,  telehealth,  machine  learning,  and  virtual  reality  (VR)  have  facilitated  the

development of innovative solutions aimed at improving accessibility and effectiveness in ABI

care.

Screening or Diagnosis of Acute mTBI

A major theme identified was the use of technology to aid the screening of mTBI or concussion;

particularly sports-related concussion (SRC). 

Several novel techniques to aid screening have been demonstrated: Falcone et al. and Yadav et

al.  describe  the  use  of  machine  learning  (ML)  software  to  analyze  speech  patterns  in

participants  with  mTBI  compared  to  controls;  both  demonstrated  high  sensitivity  for

identifying mTBI  (71,85). Similarly, Schultenbrauck et al.  employed ML platforms to analyse

speech and facial expression differences in mTBI cohorts compared to healthy controls, with

significant  differences  between  groups  (91).  Shelke  et  al.  described  the  use  of  passive

smartphone sensor data to identify digital  biomarkers for concussion;  this  was particularly

sensitive  at  day 2  post  injury  (39).  Most  of  these novel  techniques  were  assessed  in  pilot

studies with <20 participants with ABI (except for Yadav et al. who included 98 participants

with SRC)(71). Wilkerson et al and Varga adapted previously validated concussion screening

tests for smartphone and telemedicine use respectively, both demonstrating effectiveness in

their initial cohorts (79,89). 

As  well  as  the  assessment  of  acute  TBI,  several  studies  describe  the  use  of  web-based  of

computer-assisted telephone surveys to screen for a history of TBI and the burden of injury.

Most studies demonstrated high compliance and completion rates, and reliable findings across

time or compared to surveys on symptom burden (90,95,98,115).
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Physical Examination

Physical examination is a key part of any assessment of ABI; it is important when screening for

TBI as well as identifying clinical signs associated with complications of ABI such as vision,

balance and movement deficits. Many studies looked at how in-person clinical examinations

can be replicated through a digital medium, while others sought to use technology to assist in

the analysing the clinical findings.

A range of studies included the use of smartphone applications to facilitate the assessment of

the pupillary light reflex, using the phones video and flash function, as well as digital analysis of

pupillary  parameters  such as  average  speed of  constriction  or  dilation,  to  the  differentiate

between individuals  with  and  without  mTBI.  These  were  performed  either  retrospectively

(106), or in the acute setting to aid in the screening for concussion  (69,77,116). All studies

demonstrated  significant  differences  in  mTBI  PLR  findings  compared  to  controls.  These

findings show promise in providing another assessment tool to screen for concussion, which is

relatively cheap and easy to learn to use, compared to traditional pupillometry (106).

Several studies investigated the use of smartphone apps which employ built-in sensors such as

accelerometers and gyroscopes, to measure gait, balance and/or posture (43,47,56,60,72,117).

Most  apps  were  found  to  consistently  identify  movement  abnormalities  in  ABI  cohorts,

although they did not always correlate well  with other measures of symptom burden  (60).

Similar assessments are described using the built-in sensors of VR headsets  (51,65,86) and

machine-learning video analysis of gait  (94). Digital tools such as these may help to provide

more objective,  consistent examination findings than a simple clinical examination although

while lacking the utility of a dedicated gait lab in complex cases.

A  VR  platform  was  used  to  look  for  visual  inattention  in  ABI  by  Painter  et  al.  with  “The

Attention  Atlas”.  This  small  pilot  study  demonstrated  a  promising  correlation  with  more

traditional assessments for inattention and was well tolerated. 

Llamas-Rojas et al. and Soria MZ et al. both adapted standardized in-person assessments for

use via telemedicine platform (the Fugl-Meyer and Oral Myofunctional Evaluation) respectively,

and  found  strong  reliability  with  in  person  assessments  (37,118);  although  participant

populations were small.
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Symptom Assessment and Monitoring

This review identified a large body of research on the use of digital tools for screening, evaluating and

monitoring symptoms. Numerous studies looked at the use of online or computer adapted telephone

and test-message based surveys  (19,24,29,34,49,119).  Survey completion rate  was mixed;  although

these techniques  may be a  useful  additional  tool  to  screen for  complications  and symptoms,  more

research  is  needed  to  better  understand  how  to  improve  engagement  and  compliance  across  this

diverse population.

Digital tools may help identify individuals’ function and quality of life in ABI. Lumetta et al. developed a

novel survey screening for functional complications of TBI (82). Similarly, Shukla et al and Gvozdanovi et al

investigated the use of online surveys to evaluate quality of life and functional outcomes,  however there

were mixed rates of completion  (42,120).

Numerous studies  assessed symptom  monitoring  through  smartphone-based ecological  momentary

assessment (EMA) applications. EMA pertains to the real-time recording of experiences, behaviours and

symptoms in an individual’s natural environment (114). Many studies prompted participants to provide

responses  to  questions  on current  or  recent  sleep quality,  symptom  burden and/or  activity  levels

(31,33,44,50,56–58,104,109,121); some of these investigations paired the EMA surveys with wearable

sensors (such sleep and heart rate monitors)  (28,48,57,58). Other studies implemented EMA to track

emotional or psychological symptoms (20,23,25,27,35,36,122,123). Most EMA interventions had good

to excellent compliance rates during the study period (particularly when paired with phone calls from

researchers to encourage engagement); many studies reporting positive feedback on ease of use and

usefulness (29,48,121). When studies assessed the use of EMA self-assessment as therapeutic tool there

was no evidence of improved symptoms compared to standard of care (20,23).

Cognitive and Memory Assessment

A variety of smartphone, computer-based, and VR tools were used to assess cognitive function post-TBI.

Many  adapted  an  previously  validated  assessment  or  battery  of  tests  for  digital  use;  with  most

demonstrating strong correlation with in-person or paper based assessments (30,55,75,76,88,100,105).

A number of studies developed novel assessment tools designed specifically for tablet computer use

(80,84,87);  others  monitored  participants’  completion  of  a  variety  of  tasks  in  a  virtual

(53,67,93,96,124,125) or  augmented  reality  (63) environment;  and  compared  findings  to  healthy

controls or standardized cognitive tests; with most found to be useful and well tolerated in the context

of the cohort studied.
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Language or Communication Assessment

Digital  tools  for  language  and  communication  assessment  were  consisted  of  previously  tools  and

assessment techniques adapted for telemedicine platforms. Telemedicine platforms were found to be

reliable in the assessment of discourse quality when compared to healthy controls (40) and in person

assessments (126). Telemedicine platforms were also found to be suitably affective in the performance

of  standardized  communication  assessments  (45,127).  However,  like  other  areas,  the  populations

studied tended to be small.

Comprehensive Consultation

Telemedicine platforms were extensively used to aid in comprehensive consultations and were shown

to be valuable in the context of remote or underserved populations (22,101–103). The articles included

in  our  review  were  pilot  and/or  qualitative  studies,  with  outcome  measures  centred  on  user-

satisfaction, cost-effectiveness or feasibility.  Several studies indicate high levels of patient satisfaction

with  telehealth  services,  and  significant  estimated  savings  on  travel  costs  (103,128).  Despite  this,

telehealth  platforms often  rely  heavily  on  internet  connectivity  and patient  familiarity  with  digital

technology, highlighting the need for solutions tailored to diverse settings and populations.

Limitations of Current Evidence

A broad range of assessment tools  and technologies have been evaluated,  but most studies

involved  small,  heterogeneous  populations,  limiting  the  generalizability  of  their  findings.

Sample sizes were often insufficient to ensure statistical power, with many studies appearing to

be exploratory or pilot in nature. Furthermore, only 5 randomized controlled trials (RCTs) were

identified, and these were primarily feasibility studies rather than rigorous efficacy trials. 

Study design and methodology was highly variable. Many studies employed cross-sectional or

observational designs without control groups,  reducing the ability to establish feasibility or

efficacy.  The lack  of  standardized outcome measures  across  studies  make it  challenging to

compare  findings  or  draw  broader  conclusions  about  the  efficacy  of  specific  digital

interventions.
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Lastly,  participant  recruitment  often  lacked  diversity  in  terms  of  demographic  and  clinical

characteristics, with many studies focusing predominantly on mTBI or narrow  demographic

groups, such as adolescents or military personnel, thus study findings may not be applicable to

broader ABI populations.

No study was identified,  which combined multiple assessments into one platform, the studies

which describe the use of telemedicine platforms for comprehensive consultation go into little

detail about the assessments carried out. While many digital tools are promising on their own,

it would likely be more efficient and cost effective to combine these on one platform.

Despite these limitations, the studies highlight the promising potential of digital tools in this

field,  underscoring the need for larger,  more robust trials  to  validate their  use  and ensure

equitable access.

Strengths and Limitations of This Scoping Review

This review provides a comprehensive overview of digital innovations in ABI assessment and

monitoring in the past decade, highlighting key trends and innovation. However it is limited

due to our focus on English language studies, which likely excludes valuable research from non-

English speaking regions.  Additionally,  as a scoping review without a formal assessment of

quality,  we  are  limited  in  evaluating  the  efficacy  of  specific  technologies  or  platforms  or

predicting  their  impact  on  a  wider  population.  Though  multiple  papers  were  evaluated  a

thorough  synthesis  was  not  carried  out  and  a  future  step  may  include  a  dedicated  meta-

analysis.
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Conclusion:

This  review highlights  major  strides  in  the  application  of  technology to  help improve how

individuals with ABI are screened and assessed. There is a particular focus on mTBI with less

published on assessments of patients with moderate severe TBI, or other aetiologies of ABI.

The majority of studies performed to date include small numbers of patients, designed as pilot

or feasibility studies, thus more rigorous studies with larger populations are required to better

understand the efficacy of various technologies. Future developments should also consider the

assessment of less-explored complications of ABI, and leverage assessments across multiple

domains, to provide a holistic care. 

The findings from this review may inform the development of further digital tools to provide a

comprehensive and equitable approach to clinical assessment in patients who suffer from ABI,

that is accessible and efficacious for all.
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