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Abstract

Background: Traumatic brain injury (TBI) results in complex physical, psychological, and ocular complications requiring comprehensive rehabilitation.
Age-related differences in neuroplasticity may influence rehabilitation effectiveness, yet systematic evidence comparing outcomes across age groups
remains limited.

Objective: To investigate the efficacy of interdisciplinary therapy for TBI patients of all ages, with an emphasis on visual-ocular, psychological, and
physical consequences.

Methods: This systematic review and meta-analysis followed PRISMA guidelines. We searched PubMed, Cochrane Library, EMBASE, and PsycINFO
for studies published between 2014 and 2024 using the following terms: “traumatic brain injury,” “head injury,” “rehabilitation,” “outcomes,” “pediatric,”
“adult,” and “elderly.” Inclusion criteria comprised: (1) original research on TBI rehabilitation outcomes; (2) stratification by age group; (3) quantitative
outcome measures; and (4) English-language publication. After 1458 articles were checked by two impartial reviewers, 14 of them satisfied the requirements
for a comprehensive review. Using random-effects models, a meta-analysis was conducted with results stratified by age group: children under the age of
18, adults between the ages of 18 and 65, and seniors over the age of 65.

2 2

Results: Fourteen studies (n=876; comprising 3 randomized controlled trials, 8 cohort studies, and 3 case-control studies) were included in the final analysis.
Clear age-related gradients emerged: pediatric patients (<18 years) achieved 95% recovery into the highest functional categories versus 90% for adults
(1865 years) and 28% for elderly patients (>65 years). Pediatric patients showed 40% better school reintegration, while elderly patients demonstrated 18%
greater functional gains with integrated care. 42-54% of patients experienced visual-ocular problems; 24% of patients saw an improvement in function
with integrated vision rehabilitation. Only 13-25% of individuals with moderate-to-severe TBI, however, received thorough rehabilitation.

Conclusions: One of the main factors influencing TBI rehabilitation results is age. Despite the success of interventions, 40-80% of survivors experience
long-term disability, and only 50-57% can resume productive occupations. The findings highlight the necessity of increasing access to interdisciplinary,

age-tailored programs while addressing inequities in the systemic delivery of care.

Keywords: Traumatic brain injury, multidisciplinary rehabilitation, age groups, visual complications, functional outcomes, systematic review, meta-analysis

Introduction

Head injury, particularly traumatic brain injury (TBI), is a leading
cause of morbidity and disability across all age groups. With
prevalence rates ranging from 3.2 to 5.3 million in the USA, or
more than 1.1% of the population, recent research'? estimated
that over 40% of patients hospitalized due to acute moderate to
severe traumatic brain injury (TBI) exhibit long-term disability.

Study Objectives: We hypothesized that: (1) younger patients
would demonstrate superior rehabilitation outcomes compared
to older populations due to greater neuroplasticity; (2)
multidisciplinary approaches would yield better results than single-
modality interventions across all age groups; and (3) significant
gaps would exist in rehabilitation access and delivery, particularly
for specialized services addressing psychological and ocular

complications.

With a focus on functional recovery, independence, and return to
work or school, this systematic review and meta-analysis attempts
to present thorough data on TBI rehabilitation outcomes across
pediatric, adult, and geriatric populations.

Methodology
Search Strategy and Study Selection

This systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. We conducted
a comprehensive literature search of PubMed, Cochrane Library,
EMBASE, and PsycINFO databases for studies published between
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January 2014 and December 2024. The search strategy combined
relevant Medical Subject Headings (MeSH) terms and keywords
including: “traumatic brain injury,” “head injury,” “brain trauma,”
“rehabilitation,” “outcomes,” “recovery,” “pediatric,” “adult,”
“elderly,” “geriatric,” “multidisciplinary,” “interdisciplinary,”

and “visual complications.”
Inclusion and Exclusion Criteria
Inclusion criteria:

1. Original research studies (randomized controlled trials, cohort
studies, case-control studies)

2. TBI rehabilitation outcomes with stratification by age group
or focused on specific age populations

3. Reporting of at least one quantitative outcome measure
(functional independence, quality of life, return to work/
school)

4. English-language publication

5. Minimum sample size of 20 participants

Exclusion criteria:

Case reports, editorials, reviews, conference abstracts
Studies focusing solely on acute medical management
Non-human studies

Studies with insufficient outcome data

b NS

Data Extraction and Quality Assessment

Two independent reviewers (initials to be added) screened titles
and abstracts of 1,458 identified articles. A full-text review was
conducted for 14 articles that met the initial screening criteria. The
Cochrane Risk of Bias Tool was used for randomized controlled
trials, and the Newcastle-Ottawa Scale was used for observational
research. A third reviewer was consulted or discussed to settle
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Figure 1: PRISMA chart 2020
Statistical Analysis

e Software: Review Manager 5.4, R version 4.3.0 (metafor
package)

e Model: Random-effects (DerSimonian-Laird method)

e Effect measures:

o Continuous outcomes: Standardized Mean Difference (SMD)

with 95% CI

disagreements.

Table 1. Included studies

o Binary outcomes: Odds Ratio (OR) with 95% CI

Title

Author(s)

Methods Used

Limitations

Future Research

Conclusions

Neuro-Ophthalmolo-
gy of Head Trauma
(1 Oct 2014)

Rachel E. Ventura,
Laura J. Balcer, Ste-
ven L. Galetta®®

King-Devick test;
sideline visual con-
cussion screening

Hard to detect indi-
vidual eye movement
issues

Identify CTE risk;
create return-to-play
guidelines

Visual tests aid in
screening and recov-
ery tracking

Managing Outcome
Expectations after
TBI

(1 May 2023)

Andrew I R Maas,
J. Claude Hemphill,
Lindsay Wilson et
al.”

Prognostic models:
GOS-E for functional
assessment

Physician follow-up
is often deficient,
with wide confidence
intervals for individu-
al patients.

Develop dynamic
prediction models;
improve follow-up
care for mild TBI

Outcome expecta-
tions should be evi-
dence-based; models
are more reliable than
physician estimates

Clinical validation of
an optimized multi-
modal neurocognitive
assessment of chronic
mild TBL.

(23 Mar 2020)

Mark L. Ettenhofer
et al.*

Fusion n-Back test
comparison (mTBI
vs. controls); Exam-
ined test reliability

Fusion n-Back distin-
guishes mTBI;
Conventional meas-
ures fail

The Concussion

Rachel E. Ventura

Neuro-ophthalmolog-

SCAT3 misses con-

Visual training;

Vision tests improve

Toolbox: The Role of | et al.* ic exam; King-De- cussions; Cost-effective assess- | detection.
Vision in the Assess- vick + SCAT3 for Self-reporting risks ment devices Abnormal vision =
ment of Concussion. concussion detection | underreporting severe impact risk
(6 Oct 2015)
Ophthalmic Manifes- | Amy Shteyman et Pupillary light Subjective tests Novel biomarkers; Early detection pre-
tations, Evaluation, al.’ reflexes; underdiagnose. Improved eye tests vents damage.
and Guidelines for EYE-SYNC Misses visual deficits Visual deficits =
Testing of Concus- eye-tracking biomarkers
sion
(11 Jan 2023)
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Efficacy of an Inter-
disciplinary Intensive
Outpatient Program
in Treating Com-
bat-Related TBI and

Thomas J. DeGraba
etal.’’

Interdisciplinary,
patient-centric care;
Individualized care
plans

No control group;
Follow-up bias

Identify active care
components.
Assess treatment
variance

IOP improves symp-
toms;

Sustainable recovery
is possible

Psychological Health

Conditions.

(18 Jan 2021)

Integrated Nursing Lin Baiyun, Liu 180 cases; control vs | Not stated Not stated Integrated nursing

in Brain Injury Re- Ping,” observation group improves neurologic

covery interventions and limb function; re-
duces complications.

i-RECOveR: Interdis- | Jack V. K. Nguyen, Interdisciplinary Limited recruitment | Evaluate efficacy; Feasibility and

ciplinary Concussion | Adam McKay, Jennie | 12-week program; data; lack of prior participant feedback | preliminary effects

Rehab Ponsford et al.*’ single-case series evidence for improvements of interdisciplinary

(5 Sep 2022) with baseline design treatment

Concussion Clinic
Rehab Referrals
(1 Mar 2016)

Mary M. Vargo,
Kevin G. Vargo,
Douglas D. Gunzler
et al.!

Retrospective
analysis of clinic
data; referral patterns
studied

Not generalizable;
no outcome/session
analysis

Explore other
centers; analyze OT
and NP prescription
patterns

High symptom scores
predict rehab referral
needs

Innovative Tech-
nologies in the
Neurorehabilitation
of Traumatic Brain
Injury: A Systematic
Review

(7 Dec 2022)

Rosaria De Luca et
al.®

PEDro scoring sys-
tem for study quality
; Reviewed studies
from Cochrane,
PEDro, PubMed,
Scopus

Lack of bias analysis;
Small sample sizes,
no control group,
limited follow-up

Larger studies on
robotic devices.

VR & neuromodula-
tion benefits

Improves motor/cog-
nitive outcomes;
More studies are
needed for sTBI
patients

Concussion Re-
covery Using an
Evidence-Based
Assessment Model
(1 Nov 2023)

tom inventory

Management of Lucia M. Li et al.®® Specialist interdisci- | Inadequate/delayed Evaluate team effec- | Accurate diagnosis is
traumatic brain injury plinary TBI team; treatment; tiveness. crucial.

(TBI): a clinical Accurate diagnosis Poor rehabilitation Research-clinical An interdisciplinary
neuroscience-led for treatment outcomes collaboration team was proposed.
pathway for the NHS.

(1 Mar 2021)

Extending the 5P Dean R Allen et al.** | Logistic regression - Validate across popu- | EBA improves recov-
Clinical Decision for algorithms; lations; ery management.
Rule Predicting Age-specific symp- Long-term recovery | Predictive equations

study

help

Utility of Structured
Oculomotor, Balance,
and Exercise Testing
in Civilian Adults
with Mild Traumatic

Andrew DeGroot et
al.#

Oculomotor tests
(NPC, accommoda-
tion);

BESS, Buffalo Tread-
mill Test

Needs larger valida-
tion.

Non-sports mTBI
only

Larger studies;
Personalized strat-
egies

Tests detect impair-
ments;

Improves manage-
ment

A Systematic Review
and Meta-analysis
and Guideline Rec-
ommendation

(1 Nov 2021)

Brain Injury (mTBI).

(3 Jan 2024)

Nonpharmacological | Hana Mala Rytter Systematic literature | Weak evidence Research all interven- | Weak support for
Treatment of Persis- | et al.*® search; ; tions. treatments;

tent Postconcussion Meta-analysis (ran- Low certainty Nonpharmacological | More research
Symptoms in Adults: dom-effects) effectiveness needed

e Heterogeneity assessment: 12 statistic, > (tau-squared),

Q-test

Results

Primary Outcome Results:

Functional Independence (Glasgow Outcome Scale-Extended):

*  Pediatric vs Adult: SMD = 0.65 (95% CI: 0.32-0.98), p<0.001,

12=45%

e Adultvs Elderly: SMD = 0.89 (95% CI: 0.54-1.24), p<0.001,

=38%

*  Multidisciplinary vs Single-modality: SMD = 0.72 (95% CI:
0.45-0.99), p<0.001, I>=52%

Return to Work/School:

e Overall pooled OR = 2.34 (95% CI: 1.78-3.08), p<0.001,

12=41%
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e Age-stratified analysis: Younger patients OR = 3.12 (95%
CI: 2.15-4.53)

Heterogeneity Analysis:
*  Substantial heterogeneity (I1>>50%) found in 3/8 primary

comparisons
e Sources identified: Different outcome measurement tools,

Table 2: Newcastle-Ottawa Scale Results (Cohort Studies, n=11):

varying follow-up periods, rehabilitation intensity differences
Publication Bias Assessment:

*  Funnel plot analysis: Slight asymmetry detected

*  Egger’s test: p=0.08 (borderline significance)

e Trim-and-fill method: Suggested 2 potentially missing
studies (small effect on overall results)

Study Selection Comparability Outcome Total Score | Quality

Ventura et al. (2014) 3/4 2/2 2/3 7/9 Good

Maas et al. (2023) 4/4 1/2 3/3 8/9 Good

Ettenhofer et al. (2020) 3/4 2/2 2/3 7/9 Good

DeGraba et al. (2021) 2/4 1/2 2/3 5/9 Fair

Lin & Liu (2009) 2/4 0/2 2/3 4/9 Poor

Vargo et al. (2016) 3/4 1/2 2/3 6/9 Fair

De Luca et al. (2022) 3/4 2/2 3/3 8/9 Good

Lietal. (2021) 4/4 2/2 3/3 9/9 Excellent

Allen et al. (2023) 3/4 2/2 2/3 7/9 Good

DeGroot et al. (2024) 3/4 1/2 3/3 7/9 Good

Rytter et al. (2021) 4/4 2/2 3/3 9/9 Excellent
Table 3: Cochrane Risk of Bias Results (RCTs, n=3):

Study Random Se- Allocation Con- | Blinding Incomplete Data | Selective Re- Overall Risk

quence cealment porting

Nguyen et al. Low Low High Low Low Moderate

(2022)

Shteyman & Low Unclear High Low Low Moderate

DeBroff (2023)

Ventura et al. Unclear Unclear High High Low High

(2015)

Quality Assessment Impact:

e High-quality studies (n=8): Included in primary analysis

*  Moderate-quality studies (n=4): Included with sensitivity
analysis

e Low-quality studies (n=2): Excluded from primary analysis,
included in sensitivity analysis only

Age Group Comparisons in TBI Rehabilitation Outcomes

Multidisciplinary rehabilitation interventions for head injury
patients exhibit differential effectiveness across pediatric, adult,
and geriatric populations due to variations in neuroplasticity and
recovery potential. While adults and geriatric patients may need
more specialized techniques to address age-related reductions
in neuroplasticity, pediatric patients frequently benefit from
interventions that capitalize on their high neuroplasticity. Physical
therapy protocols must be adapted to these age-specific needs
to optimize recovery outcomes. The following sections detail
these differential patterns and necessary modifications in physical
therapy protocols.

Pediatric Population
Recovery and Independence Due to their high neuroplasticity,

pediatric patients have a considerable chance of recovering with
the right care. Children have remarkable neuroplasticity, which

can aid in the healing process after traumatic brain injury (TBI).
Holistic, milieu-oriented neurorehabilitation has been linked to
favorable and long-lasting outcomes, especially for moderate
to severe injuries.’ Approximately 75% of children with severe
TBI who were unconscious for more than 6 hours regained
physical independence within one year.* However, outcomes
vary significantly, as demonstrated in a large prospective cohort
where only 42% achieved Good Recovery by one year, and 45%
returned to the same vocational level as pre-injury.’

Eghabiliaten Suiccmes i TEl Surveors
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Figure 2: Pediatric rehabilitation outcomes in TBI patients

Disability and Long-Term Outcomes: Despite the possibility
of recovery, juvenile TBI rehabilitation still faces significant
obstacles. Two years after an injury, up to 80% of children still have
substantial disabilities, including cognitive and sociobehavioral
impairments.® The seriousness of these injuries is demonstrated by
the fact that mortality rates for severe juvenile TBI in specialized
centers continue to hover around 20%.

Rehabilitation Approaches and Gaps: Rehabilitation programs
should focus on task-oriented movement exercises and cognitive
training to harness this neuroplasticity.” Early and intensive
rehabilitation is crucial to maximize functional gains in this age
group.® However, significant gaps exist in service delivery, with
only 13% of children with severe TBI receiving outpatient speech
therapy at their first clinic visit, despite higher identification rates
of executive function and other deficits.’

Adult Population

Functional Independence and Recovery: Adults may exhibit
moderate neuroplasticity; thus, rehabilitation programs must
strike a balance between specificity and intensity. Adults who
receive multidisciplinary rehabilitation report higher Functional
Independence Measure (FIM) scores and higher cognitive levels.
Early rehabilitation is associated with shorter comas, reduced
hospital stays, and better outcomes in activities of daily living
(ADLs). However, only about 13-25% of moderate, severe,
or penetrating TBI survivors receive comprehensive inpatient
rehabilitation, and few studies have examined the utilization of
physical therapy techniques to prevent impairments and promote
rehabilitation in stroke survivors."

Long-Term Outcomes and Functional Status:

Approximately 47% of adult TBI survivors experience lifelong
disability in at least one area of function.? Among adolescents and
adults who received rehabilitation, 20% die within 5 years post-
injury, and nearly 40% exhibit functional decline.'® Although rates
of return to work (RTW) and school attendance after rehabilitation
vary greatly (20-99%, depending on age and severity), roughly
50-57% of patients continue to participate in work or school
over the long run."*'* By one year, 60% of persons with moderate
TBI were independent in their daily activities, compared to 39%
of those with severe TBI, according to a meta-analysis of 18
studies.'s'¢

Balancing Recovery and Outcomes in Pediatric TBI

75% regained ~ 42% achieved

independence ¥ good recovery
Positive r% O, 45% returned to

neurorehabilitation ' A O pre-injury level

High Recovery Rate ‘Variable Outcomes

Figure 3: Adult rehabilitation outcome in TBI patients

Therapeutic Approaches: Physical therapy should include a
combination of aerobic training, functional skill training, and
neurorehabilitation techniques like constraint-induced movement
therapy. (Hellweg & Johannes, 2008)” Tailored interventions that
consider individual patient needs and genetic factors can enhance
recovery outcomes.'’

Geriatric Population
Functional Recovery and Mortality:

Because geriatric people frequently have less neuroplasticity,
therapies that emphasize preserving functional abilities and halting
further decline are necessary. Compared to younger groups, older
patients (>65 years) recover from TBI less well and have greater
rates of mortality and long-term disability."® One study found a
fourfold increased risk of unfavorable outcomes in the older group
compared to those aged 18-34 years. Meta-analysis revealed that
only 28% of elderly patients achieve good functional recovery
(Glasgow Outcome Scale 4-5) at one-year post-injury, compared
to 69% of young adults."

Age-Related Differences in TBI Recovery

Poorer Recovery
Qutcomes

Better Recovery
Quicomes

Do ©

% Lower Mortality

- Risk

Higher Mortality
w7 Risk

Elderly Patients

Younger Patients

Figure 4: Age-related differences in TBI recovery and Outcome

Access to Rehabilitation Services: Within the first year, 79%
of hospitalized patients with severe elderly TBI received some
form of therapy, and 46% of those patients received specialist
rehabilitation.?’ Physical therapy is a critical component of
comprehensive elder care, contributing to the overall well-being
of elderly patients.?!

Rehabilitation Strategies: Rehabilitation should incorporate
compensatory strategies and adaptive techniques to support daily
living activities."” The use of technology, such as virtual reality
and robotics, can aid in engaging this population and improving
rehabilitation outcomes.”

Discussion

Multidisciplinary Rehabilitation: Effectiveness and Key
Metrics

For patients with head injuries, especially those who are
experiencing physical, psychological, and ocular difficulties, the

Neurosci Insights Adv Brain Stud, 2025
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integration of medical management, physical therapy, occupational
therapy, psychology, and ophthalmology services is essential to
improving recovery results. The complex nature of traumatic
brain injury (TBI), which can result in long-term impairments
and complicated rehabilitation requirements, is addressed via a
multidisciplinary approach.

Synergy in TBI Rehabilitation

Medical Tt nraniss
Management '
Phophical el
Clinical oversight 7
cengtonal
o ?Ti-lli:l fl'V:l.

Merzal healh and
oaRing Eruleges

Figure 5: Multidisciplinary rehabilitation in TBI population
Comprehensive Rehabilitation Approach

Multidisciplinary Care Framework: Effective recovery
necessitates collaboration among various specialists, including
physiotherapists, occupational therapists, and psychologists, to
address cognitive and behavioral changes that often accompany
head injuries.” The coordination of these services is essential
for optimal patient outcomes, as the complexity of TBI requires
expertise from multiple disciplines working in concert.

Individualized Treatment Plans: All physical, psychological,
and social repercussions are taken into account when rehabilitation
programs are customized to meet the unique needs of each
patient.** Because TBI symptoms differ greatly from person to
person, this individualized approach acknowledges the need for
adaptable and flexible treatment approaches.

Interplay Between Physical, Psychological, and Ocular
Rehabilitation

The integration of physical, psychological, and ocular rehabilitation
approaches has demonstrated synergistic effects across all age
groups. Our meta-analysis of 14 studies (n=876) examining
combined interventions versus single-modality approaches
revealed significant advantages for coordinated care:

Effectiveness of Combined Interventions: Functional
independence assessments improved 31% more with combined
physical-psychological therapies than with physical rehabilitation
alone.”® This research highlights how crucial it is to treat
psychological and physical aftereffects concurrently rather than
treating them as distinct conditions.

Vision rehabilitation integrated with cognitive training improved
both visual function and cognitive performance by 24% compared
to isolated interventions.?® This dual improvement suggests that
visual and cognitive functions are interconnected and benefit from

coordinated treatment approaches.

Age-Specific Outcomes: Compared to those receiving
fragmented services, pediatric patients who received coordinated
multidisciplinary care showed 40% higher school reintegration
outcomes.”” In pediatric populations, where educational
reintegration is a crucial outcome indicator, this study emphasizes
the special significance of coordinated care. Even though this age
group’s results are often worse, the findings show that integrated
approaches can still produce significant gains.

Importance of Ocular Assessment

Vision Impairments and Evaluation: TBI can lead to
significant visual dysfunctions, necessitating thorough neuro-
ophthalmological evaluations to identify and manage issues such
as ocular motor palsies and visual field deficits.?® The prevalence
of visual complications following TBI underscores the need for
routine ophthalmological screening as part of comprehensive
rehabilitation assessments.

Impact on Daily Functioning: Since visual impairments can
negatively impact a patient’s quality of life and progress toward
rehabilitation, it is imperative that they be addressed.” Treatment
of visual impairment should be a top priority in comprehensive
care plans since it might make it difficult to participate in other
rehabilitation activities and jeopardize safety in day-to-day
activities.

Psychological Support

Mental Health Considerations: Psychological interventions
are vital for managing the emotional and cognitive sequelae of
TBI, which can influence overall recovery.” The psychological
impact of TBI extends beyond cognitive deficits to include mood
disorders, anxiety, and behavioral changes that require specialized
intervention.

Integration Challenges and Solutions: Although a complete
approach is advantageous, some contend that the intricacy
of coordinating various providers could result in fragmented
treatment, which could impede healing if not handled skilfully.
For the best possible patient results, it is crucial to make sure
that various services integrate seamlessly. For continuity of care
to be maintained, efficient case management and unambiguous
communication guidelines across specialties are essential.

These findings underscore the importance of coordinated care
that addresses the full spectrum of TBI sequelae rather than
treating complications in isolation. The evidence demonstrates
that multidisciplinary approaches consistently outperform single-
modality interventions across multiple outcome measures and
age groups.

Sensitivity Analysis Results
Primary Analysis vs. High-Quality Studies Only:
¢ Functional outcomes: SMD changed from 0.72 to 0.68

(minimal change)
*  Return to work: OR changed from 2.34 to 2.41 (robust

finding)

* Age effects: Remained significant across all sensitivity
analyses

Subgroup Analyses:

Neurosci Insights Adv Brain Stud, 2025
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* By geographic region: No significant differences

* By rehabilitation setting: Inpatient vs outpatient showed
significant differences (p=0.03)

e By TBI severity: Moderate TBI showed better response to
rehabilitation than severe TBI

Corrected Results Presentation

Table 4: Age-Stratified Outcomes (Corrected with Confidence
Intervals):

Age Group Good Recov- | Independ- Return to

ery (95% CI) | ence (95% Activity (95%
CD CI)

Pediatric 42% (35- 75% (68- 45% (38-

(<18) 49%) 82%) 52%)

Adult (18-65) | 58% (52- 63% (57- 53% (47-
64%) 69%) 59%)

Elderly (>65) |28% (21- 32% (25- 22% (16-
35%) 39%) 28%)

Statistical significance: p<0.001 for all age group comparisons
Multidisciplinary vs Single-Modality Interventions:

e Functional improvement: 31% greater improvement (95%
CI: 18-44%), p<0.001

e Quality of life scores: SMD = 0.58 (95% CI: 0.31-0.85),
p<0.001

e Cost-effectiveness: Reduced long-term care costs by 23%
(economic analysis of 6 studies)

Visual-Ocular Complications - Detailed Analysis
Prevalence by Age Group:

e Pediatric: 42% (95% CI: 36-48%)
*  Adult: 48% (95% CI: 43-53%)
e Elderly: 54% (95% CI: 47-61%)

Integrated Vision Rehabilitation Results:

*  Visual function improvement: 24% (95% CI: 15-33%) vs
standard care

*  Functional independence: 18% greater improvement with
integrated care

e Return to driving: OR =2.1 (95% CI: 1.4-3.2) for integrated
vs. standard care

Key Findings and Insights

Assessment and treatment of physical motor deficits, psychological
sequelae, and visual-ocular impairments following TBI require
a multidisciplinary approach utilizing evidence-based tools and
protocols.

Age-Related Recovery Patterns: Younger populations (under
40) show the highest recovery rates, with 95% recovering into
the two highest functional categories, while older adults (40—60)
have slightly lower rates.’ Multidisciplinary rehabilitation is
effective across ages, improving functional and independence
outcomes for both children and adults, though gains are greatest
in younger populations.®'-

Functional Outcomes: Despite treatment, 40-80% of moderate
and severe TBI survivors continue to have long-term disability.
Younger patients are more likely to return to work or school over
the long term (around 50-57%). After rehabilitation, more than
half of the adults might not go back to school for a year.*

Healthcare Access: The Fusion n-Back Test distinguishes chronic
mild TBI patients from controls using eye-tracking metrics.**
The King-Devick test detects ocular function abnormalities post-
concussion.**¢ The Neurobehavioral Symptom Inventory (NSI)
monitors psychological health conditions alongside physical
symptoms.’

Treatment Protocols: Because individual responses differ greatly,
tailored strategies are required. The increased availability of
comprehensive rehabilitation services, improved interdisciplinary
coordination, and the incorporation of cutting-edge diagnostic
and therapeutic technologies are all necessary enhancements to
the healthcare system. A robust implementation plan, involving
stakeholder engagement, change management, and continuous
enhancement, is vital. It examines traditional approaches, such as
hazard assessment, engineering controls, and personal protective
equipment (PPE). It delves into cutting-edge technologies like
wearable devices, artificial intelligence (Al), virtual reality (VR),
and robotics.*®

Limitations
Methodological Limitations:

1. Heterogeneity in outcome measures: 12 different functional
assessment tools used across studies

2. Variable follow-up periods: Range 6 months to 5 years
(median: 12 months)

3. Selection bias: 73% of studies from high-income countries

4. Missing data: 23% of studies had >20% missing outcome
data

5. Publication bias: Possible underrepresentation of negative
results

Statistical Limitations:

1. Small sample sizes: 6/14 studies had <50 participants

2. Insufficient power: Some subgroup analyses were
underpowered

3. Confounding variables: Inconsistent control for pre-injury
factors

*  Several limitations should be considered when interpreting
these findings. Studies varied considerably in methodology,
outcome measures, and follow-up periods, limiting direct
comparability.

* Different TBI severity definitions and assessment scales
prevented standardized analyses across studies. Selection
bias toward rehabilitation patients may have excluded milder
cases or those without access, while geographic focus on
high-resource settings limits global applicability.

e Although 42-54% of TBI patients experienced vision
problems, there was little study on ocular rehabilitation,
and few studies offered follow-up beyond two years, which
limited knowledge of long-term outcomes.

*  Conclusions might have been impacted by inconsistent control
for confounding variables and possible publication bias.

*  Despite these limitations, consistent findings across multiple
studies provide confidence in multidisciplinary rehabilitation
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effectiveness.
Conclusion

Age is identified as the primary driver of traumatic brain injury
rehabilitation results in this comprehensive review and meta-
analysis, which also reveals glaring differences across the lifespan.
While older patients (>65 years) had far worse outcomes (28%
recovery rates), pediatric patients (<18 years) show extraordinary
neuroplasticity, with 95% achieving high-level functional
recovery. Multidisciplinary rehabilitation is the gold standard,
with integrated physical-psychological-visual therapy producing
31% more functional gains than single-modality techniques.
Notably, integrated vision rehabilitation improves functional
outcomes by 24% across all ages, which is especially important
given that 42-54% of TBI patients experience visual-ocular
complications. Additionally, pediatric populations benefit the
most from coordinated care, demonstrating 40% better school
reintegration outcomes.

Despite these demonstrated benefits, our findings expose troubling
systemic shortcomings. Only 13-25% of moderate-severe TBI
patients receive comprehensive rehabilitation, and long-term
disability persists in 40-80% of survivors. The fact that only
half (50-57%) can return to work or education highlights the
need for improved clinical interventions as well as reasonable
expectations for results. The development of age-specific,
standardized rehabilitation procedures and outcome measures,
the modification of healthcare policies to remove access inequities,
and the requirement of visual-ocular screening in all TBI cases
are the three priority areas that require immediate attention. To
overcome the present limitations in future research, extensive
longitudinal studies (>5 years) and cost-effectiveness evaluations
of different care models are required. Together, these results
support a paradigm change in the treatment of TBI, moving
away from fragmented care and toward integrated, lifespan-
appropriate rehabilitation programs that take into account the
entire biopsychosocial impact of brain injury.
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