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Abstract
Background  Lateral ankle sprains (LAS) are among the most common sports injuries, with up to 40% of 
individuals developing chronic ankle instability (CAI). While altering neurocognitive demands can affect lower limb 
biomechanics, the underlying mechanisms in CAI patients remain unclear. This systematic review aimed to summarise 
evidence on the neurocognitive deficits linked with ligamentous ankle injuries and CAI.

Methods  Following PRISMA guidelines (PROSPERO: CRD42023406395), a comprehensive search of five databases (up 
to September 24, 2024) identified studies examining neurocognitive performance in adults with LAS or CAI. Inclusion 
criteria were based on a PICO strategy. Two authors independently selected studies and assessed bias using the QUIPS 
tool and the Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies. Data were extracted using 
a standardized form detailing study characteristics, patient data, neurocognitive methods, and statistical outcomes.

Results  This review included 24 studies with 104 LAS and 393 CAI patients, 92 copers, and 317 healthy controls. 
Eighty-three percent of the included studies showed a high risk of bias. Neurocognitive performance was assessed 
across nine domains using 27 neurocognitive tasks. CAI patients exhibit deficits in attention, inhibitory control, and 
visual memory, with mixed results for working memory and processing speed. No deficits were found in language or 
motor skills. These deficits may contribute to reduced postural stability, particularly under dual-task conditions where 
cognitive resources are divided. No significant findings were observed for copers.

Discussion  Methodological variability, cross-sectional designs, and limited focus on LAS underscore the need for 
further research to examine causality and expand generalizability.

Conclusion  This review underscores the association between ligamentous ankle injuries, particularly in CAI, and 
neurocognitive performance, although more research is needed to unravel the causal direction.
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Introduction
The ankle is the most commonly injured body part in 
sports, with lateral ankle sprain (LAS) being the most 
prevalent ankle injury, affecting athletes of all levels 
[1]. Ankle sprain incidence in the general population 
has been reported to range from 19.0 to 26.6 per 1000 
person-years [1, 2], with up to 40% of individuals who 
experience an initial LAS progressing to chronic ankle 
instability (CAI) [2, 3]. This condition is characterized by 
recurrent sprains, persistent pain, and disability [4]. CAI 
has also been linked to a higher risk of early-onset osteo-
arthritis [5], and decreased physical activity levels [6], 
affecting an individual’s long-term health and quality of 
life [7]. Given the high prevalence and substantial burden 
of ligamentous ankle injuries, understanding the mecha-
nisms behind LAS and CAI is crucial for improving pre-
vention and treatment strategies.

While the peripheral and mechanical aspects of ankle 
injuries have been extensively studied, emerging research 
suggests that LAS and CAI may involve more than just 
ligamentous and structural damage. Hertel et al. (2019) 
[8] proposed a paradigm to describe the current under-
standing of the pathophysiology of CAI. The authors 
describe how a primary tissue injury to the lateral ankle 
ligaments from an acute LAS may lead to interrelated 
pathomechanics, sensory-perceptual, and motor-behav-
ioural deficits that influence a patient’s clinical outcome 
[8]. Recent literature [9] brings attention to the com-
plexity of ligamentous ankle injuries by exploring their 
impact on the brain and neurocognitive processes. This 
complexity is also brought to attention in a recent sys-
tematic review demonstrating that individuals with LAS 
and CAI exhibit unfavourable structural and functional 
adaptations in the brain compared to healthy individu-
als or copers [10]. These adaptations are associated with 
poor clinical outcomes, such as lower self-reported func-
tion, postural control and dual-tasking [10]. Based on 
these findings, neurocognition could likely play a role in 
the occurrence of ankle sprains, as well as the develop-
ment and persistence of CAI. By contrast, the role of neu-
rocognition often remains underemphasized in research 
and clinical practice.

Recent studies have demonstrated that neurocognitive 
performance impacts an athlete’s ability to perceive and 
respond to external forces, particularly in movements 
with high risk for ankle injuries, including jumping, cut-
ting, and lateral movements in sports such as basketball, 
soccer, and volleyball [11]. The time required for visual 
perception, information processing, and generating a 
motor response may be crucial for maintaining situa-
tional awareness and minimizing the risk of injury during 
athletic activities [12]. Therefore, understanding the rela-
tionship between neurocognitive performance and injury 
risk is critical for developing effective sports injury pre-
vention and management strategies. This relationship has 
already been observed in ACL injuries, where deficits in 
baseline neurocognitive performance are associated with 
an increased risk of injury during cognitively challeng-
ing movements [13]. Additionally, cross-sectional stud-
ies have discovered biomechanical patterns associated 
with an elevated risk of injury in individuals with worse 
neurocognitive performance [14–18]. A similar relation-
ship may exist in LAS and CAI, where deficits in neuro-
cognitive performance could impair an athlete’s ability 
to appropriately respond to external stimuli, potentially 
increasing the likelihood of (re)injury. However, the link 
between neurocognition and ankle injuries has received 
far less attention in the literature compared to other mus-
culoskeletal injuries.

Accordingly, the aim of this review is threefold. First, 
this review aims to summarise the literature on the 
relationship between neurocognitive impairments and 
ankle injury risk. Second, the review aims to investigate 
if neurocognition is affected following lateral ligamen-
tous ankle injuries. The final aim is to investigate the 
differences in neurocognition between healthy individu-
als and individuals with LAS or CAI. This review will 
provide insight into the role of neurocognition in liga-
mentous ankle injuries and highlight its potential role 
in rehabilitation, injury screening and return-to-sport 
decision-making.

Key Points
1. Patients with chronic ankle instability exhibit deficits in attention, inhibitory control and visual memory compared 
to healthy controls and copers.
2. Longitudinal studies are necessary to determine whether neurocognitive deficits arise as a consequence of ankle 
injuries or whether they pre-exist and contribute to injury occurrence.
3. Integrating neurocognitive considerations, such as dual-task training, into rehabilitation programs may help 
address deficits in attention, inhibitory control, and visual memory. While this approach holds promise, further 
research is needed to determine its effectiveness and added value compared to traditional rehabilitation methods.

Keywords  Injury risk, Postural control, Cognition, Performance, Brain, Chronic ankle instability
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Methods
The present systematic review was conducted follow-
ing the guidelines of the Preferred Reporting Items 
for Systematic Review and Meta-Analyses (PRISMA) 
[19]. The review protocol was recorded in the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO—CRD42023406395).

Information Sources and Search Strategy
A comprehensive literature search was conducted using 
five electronic databases, including MEDLINE (via 
PubMed), Web of Science Core collection (via Clari-
vate), Scopus (via Elsevier), PsycINFO (via ProQuest) 
and SPORTDiscus (via EBSCOhost) from their dates of 
inception to September 24th, 2024. Grey literature was 
not included in this review, as the focus was on peer-
reviewed, published research to guarantee method-
ological rigor and data quality. The search strategy was 
developed based on a combination of relevant keywords 
and medical subject headings using the PICO frame-
work to identify terms related to our research questions. 
The type of injury (1) and outcomes of interest (2) were 
combined using the “AND” boolean operator. Each term 
within these categories was combined using the “OR” 
boolean operator. No filters were applied. The search 
strategy is summarised in Table 1.

Eligibility Criteria
Articles were eligible if they (1) investigated neurocog-
nitive performance in 18-year-old or older individuals 
with CAI or who experienced a LAS, (2) were original 
research, and (3) were published in English, Dutch or 
French. Studies investigating other injuries or not investi-
gating neurocognitive performance were excluded. Neu-
rocognition refers to the cognitive processes and abilities 
associated with the functioning of both cortical and sub-
cortical brain systems, encompassing domains such as 
attention, processing speed, and motor skills control [20, 
21]. Neurocognitive tasks, which assess reaction time, 
processing speed, and memory, serve as indirect mea-
sures of cerebral performance [21]. While it also includes 
broader functions like language and intelligence, key 
aspects relevant to injury risk include visual attention, 

self-monitoring, fine motor performance, and dual-task-
ing abilities [16]. The definitions used for CAI, LAS and 
copers were recommended by the International Ankle 
Consortium [4]. LAS is defined in accordance with Grib-
ble et al. (2013) [4] as “an acute traumatic injury to the 
lateral ligament complex of the ankle joint as a result of 
excessive inversion of the rear foot or a combined plantar 
flexion and adduction of the foot. This usually results in 
some initial deficits of function and disability”. To be con-
sidered CAI, individuals must have a history of at least 
1 significant ankle sprain and a history of the previously 
injured ankle joint “giving way,” and/or recurrent sprain, 
and/or “feelings of instability”. To qualify as a coper, 
individuals must have a history of one significant ankle 
sprain without symptoms of “giving way”, and/or recur-
rent sprain, and/or “feelings of instability”. Finally, control 
participants are defined as individuals with no history of 
LAS or related symptoms, and who exhibit stable ankle 
function without any signs of instability.

Study Selection Process
The study selection process consisted of two stages. 
Firstly, all retrieved studies were imported into Rayyan’s 
web application [22] and duplicates were detected by 
Rayyan and manually reviewed by two authors (H.C. and 
E.S.). The same two authors independently conducted 
initial screenings of the articles based on their titles 
and abstracts. Subsequently, they evaluated the remain-
ing articles in full text to determine their eligibility. The 
authors contacted the authors of studies for which the full 
text was not initially available to obtain this. In cases of 
conflicts between the two authors, a third author (A.M.) 
was contacted to resolve the conflicts. Any discrepancies 
between the authors were resolved through discussion to 
reach consensus.

Study Risk of Bias Assessment
All included articles were independently assessed for any 
potential bias by two authors (H.C. and E.S.) using the 
Quality Assessment Tool for Observational Cohort and 
Cross-Sectional Studies form and the Quality in Prog-
nostic Studies (QUIPS) tool. For the assessment of the 
cross-sectional studies, 14 criteria are used to determine 

Table 1  Search strategy
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the risk of bias with “yes”, “not reported / not applicable 
/ can’t decide” and “no” answers. Additionally, QUIPS 
considers eight important domains to judge the level of 
bias of the included studies. To identify the overall bias, 
we assigned equal weighted scores to each criterion. The 
accumulation of scores yielded a total score expressed as 
a percentage. Each criterion received a score based on the 
level of bias risk: a low risk of bias received two points, a 
“not applicable” answer was given one point, and a high 
risk, unclear or “not reported” answer received zero 
points. The scores for each criterion were then added up 
to calculate a total score expressed as a percentage. Stud-
ies with a total score between 75 and 100% were consid-
ered to have a low risk of bias, while those scoring less 
than 55% indicated a high risk of bias. Studies scoring 
between 55 and 75% were considered to have a fair risk of 
bias. In cases of any disagreements in risk of bias scores, 
resolution was achieved through discussion.

Data Extraction Process and Synthesis Method
Data were extracted by two authors (H.C. and E.S.) using 
a standardised data extraction form. The following infor-
mation was extracted: (1) study characteristics (authors’ 
names, publication year and study design), (2) in- and 
exclusion criteria, (3) patient characteristics (sample 
size, age, sex, and clinical characteristics), (4) methods 
used to assess neurocognitive performance, (5) associ-
ated outcome measures and (6) all statistical analyses of 
primary and secondary neurocognitive outcomes. The 
primary outcome measures of neurocognition included 
change-from-baseline measures of cognitive tasks. The 
outcome measures were assessed by reporting the means 
and standard deviations of the continuous variables in 
each study. Statistical differences were considered to be 
present between the groups if the p-value was lower than 
0.05. Secondary outcomes were functional outcomes 
(e.g. stability, foot and leg kinematics) related to the pri-
mary neurocognitive outcome of interest. The results of 
the included studies were synthesised using a narrative 
synthesis approach. To create a better overview of the 
different populations, individuals with CAI, copers who 
experienced an initial LAS and control participants with-
out a history of LAS were considered as distinct groups. 
A meta-analysis was not possible due to the heterogene-
ity of the included studies.

Results
Search Results
A total of twenty-four studies met the inclusion criteria 
of this systematic review [23–46]. The overview of the 
selection process is provided in Fig.  1. The twenty-four 
included studies encompassed a total of 104 individuals 
with LAS across four studies [36, 41, 45, 46], 393 individ-
uals with CAI across 20 studies [23–35, 37–40, 42–44], 

317 healthy controls across seventeen studies [24–28, 
30–33, 36, 38–40, 42–44, 46], and 92 copers across six 
studies [25, 27, 32, 33, 42, 45].

Risk of Bias Assessment
Overall Risk of Bias
The risk of bias assessment revealed an overall high risk 
of bias. All included articles were cross-sectional stud-
ies [23–28, 30–44, 46] except two prospective studies 
[29, 45]. Out of the twenty-two cross-sectional studies, 
twenty were labelled with a high risk of bias, while the 
remaining two cross-sectional studies [37, 39] as well as 
the two prospective studies were considered to have a fair 
risk of bias [29, 45].

Sources of Bias for the Cross-Sectional Studies
Five articles out of twenty-two had a high risk of bias for 
study population due to unclear demographic informa-
tion [23, 24, 26, 35, 38]. Twenty articles were at a high 
risk of bias for participation rate because less than 50% 
of eligible individuals participated or participation rate 
was not reported [23–28, 30–34, 36–44]. Fourteen stud-
ies were labelled as high risk of bias for inadequate sam-
ple size because there was no sample size justification 
reported [23–25, 27, 28, 31–33, 35, 36, 38, 40, 42, 46]. 
All studies had a high risk for exposure prior to outcome 
and timeframe. This is typical for cross-sectional studies 
since the exposures and outcomes are measured during 
the same timeframe. Five studies measured different lev-
els of exposure, limiting the risk of bias [31, 35, 37, 42, 
46]. All articles, except two [27, 43], were labelled as high 
risk of bias for not reporting blinded outcome assessors, 
and twenty-one were high risk for not implementing or 
reporting follow-up rates [23–28, 30–38, 40–44, 46]. 
Finally, twenty articles were high risk for not correcting 
for confounding variables [23–28, 30–43].

Sources of Bias for the Prospective Studies
The prospective studies were considered to have a fair 
risk of bias for study participation and prognostic factor 
measurement. Study attrition was labelled as high risk 
of bias and confounding was labelled as high risk of bias 
for one study [29] and fair risk of bias for the other [47], 
while outcome measurement and statistical analysis were 
detected as low risk. Figures  2, 3, 4, 5 provide an over-
view of the risk of bias.

Neurocognitive Deficits Related to Injury or Reinjury 
Outcomes
None of the studies included in this review directly eval-
uated injury or reinjury outcomes in relation to neuro-
cognitive deficits. As such, while this remains a plausible 
hypothesis, current evidence does not allow conclusions 



Page 5 of 23Corlùy et al. Sports Medicine - Open           (2026) 12:17 

regarding the role of neurocognition in the risk of initial 
or recurrent ankle injury.

Neurocognitive Domains Related to Ligamentous Ankle 
Injuries and CAI
The included studies employed 27 cognitive tasks to 
assess different neurocognitive domains associated with 

ligamentous ankle injuries. These tasks were designed 
to target specific cognitive functions. Nine key cogni-
tive domains were identified across the included studies 
to evaluate the relationship between neurocognition and 
ankle injuries. Table 2 presents a summary of the cogni-
tive tasks used across the 24 studies, organized by the 
primary neurocognitive domain [48–50]. None of the 

Fig. 1  Selection process of the included studies using the preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart [19]
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studies investigated whether ligamentous lateral ankle 
injuries caused changes in neurocognitive function; 
rather, they examined statistical associations between 
neurocognitive performance and ankle injury status.

Differences in Neurocognition Between CAI, Copers and 
Controls
Twenty-four studies focused on differences in neurocog-
nitive performance among individuals with CAI, cop-
ers and healthy controls [23–46]. Sixteen investigated 
dual-task conditions, assessing either cognitive perfor-
mance during balance or motor tasks, or balance perfor-
mance under cognitive load. A summary of the findings 
extracted from the included studies can be found in 
Table 3.

Attention
Attention was evaluated in four studies, with focus on 
selective, sustained, and divided attention [32–34, 43]. 
While two studies found no differences in attention 

Fig.  5  Study quality assessment for prospective studies across multiple 
studies

 

Fig. 4  Study quality assessment for cross-sectional studies across multiple 
studies

 

Fig. 3  Study quality assessment for prospective studies within individual 
studies

 

Fig.  2  Study quality assessment for cross-sectional studies within indi-
vidual studies
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performance tests between CAI patients, healthy con-
trols [34] and copers [33], Rosen et al. (2021) observed 
that CAI patients performed worse compared to controls 
[32].

Dury et al. (2024) reported increased reaction time 
during a dual-task landing compared to an isolated cog-
nitive test in healthy participants, whereas CAI partici-
pants did not exhibit significant changes in reaction time 
[43]. Cognitive load influenced balance performance 
in CAI patients and copers with significant correlations 
observed between attention scores and centre of pres-
sure variables [33]. Increased cognitive demands also 
led to a longer time to stabilization and greater medio-
lateral ground reaction forces but no differences between 
CAI and controls were observed [43]. However, dual-
task training improved stability indices in CAI patients, 
although its benefits did not differ from conventional bal-
ance training [34].

Inhibitory Control
Inhibitory control was evaluated in three studies, using 
the Go/No-Go task and the Stroop test [27, 30, 32], with 
inhibitory control being impaired in CAI patients com-
pared to copers and healthy controls in one study [32], 
while another study found no differences between CAI 
patients and healthy controls [30].

Mohamadi et al. (2020) reported that performing an 
inhibitory control cognitive task during single-leg bal-
ance led to increased reaction time in CAI patients com-
pared to copers and controls, while accuracy did not 
differ between groups [27]. Rosen et al. (2021) showed 
increased reliance on attentional resources for postural 
stability during tasks requiring inhibition [32]. However, 
it is important to note that these findings may not gener-
alize due to variability in results [27].

Language Skills
One study incorporated a verbal fluency task [46]. The 
results indicated that a history of ankle sprain injuries did 

Table 2  Neurocognitive tasks and domains evaluated across included studies
Cognitive 
domain

Definition Cognitive task

Attention Attention refers to the ability to selectively focus on relevant information 
while ignoring distractions (selective attention) and maintain this focus over 
extended periods (sustained attention or vigilance). It also includes the ability 
to manage multiple streams of information simultaneously (divided atten-
tion) [47, 52].

• Attention training [34]
• Continuous performance test (CNS Vital Signs) [32, 33]
• Shifting attention test [32]
• Visual object tracking [43]

Inhibitory 
control

Inhibitory control or response inhibition refers to the ability to suppress 
actions or behaviours that are deemed inappropriate, unsafe, or unnecessary 
[48].

• Go/No-Go Task [30]

• Stroop test (auditory and visual variants) [27, 30, 32]

Language 
skills

Language skills encompass the ability to understand and produce verbal 
communication. This includes naming, fluency (e.g., generating words within 
a category), and the ability to follow verbal instructions [47].

• Verbal fluency tasks [46]

Motor skills Motor skills refer to the execution of physical tasks, including fine motor 
abilities such as manual dexterity and reaction time, as well as gross motor 
abilities like balance [47].

• Catch game motor planning test [30]

• Finger tapping test [30, 32]

Perception Perception involves the recognition, interpretation and integration of sensory 
stimuli, such as identifying objects, sounds, or spatial orientations. It inte-
grates sensory input into meaningful information [47].

• Judgement of line orientation (JLO) [40]
• Manikin test [24]
• Problem-solving spatial test [30]
• Reactive balance test (RBT) [44]
• Visual-spatial processing test [30]

Processing 
speed

Processing speed refers to the ability to quickly complete cognitive tasks, 
ranging from simple to complex, with an emphasis on performing them as 
fast as possible [47].

• Choice-reaction hop test [42]
• Deary-liewald reaction time task (DLRT) [28]
• Staged information processing speed test [30]
• Symbol digit modalities (SDM) test [32]
• Visuomotor reaction time task [36, 41]

Verbal 
memory

Verbal memory encompasses the ability to encode, store, and retrieve infor-
mation presented in verbal form, such as lists of words or narratives [47].

• Verbal memory test (CNS Vital Signs) [32]

• Verbal symbol digit Modalities Test [40]

Visual 
memory

Visual memory refers to the cognitive function that enables the temporary 
maintenance of visual information relevant for a current or pending task [49].

• Visual memory test (CNS Vital Signs) [32]

Working 
memory

Working memory is the capacity to hold and manipulate information tempo-
rarily for cognitive tasks. It includes maintenance (holding information) and 
manipulation (reorganizing or processing that information) [47].

• Backward digit span task [31, 45]
• Digit counting task (with Audio Recording) [29]
• Random number generation (to a metronome) [24, 
25]
• Serial subtraction task (counting backward by 7 s or 
3 s) [23, 24, 26, 31, 35, 37–40]
• Summing complex numerical sequences [39]
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Table 3  Summary of the findings extracted from the included studies
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Table 3  (continued) 
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Table 3  (continued) 
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Table 3  (continued) 
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Table 3  (continued) 
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Table 3  (continued) 



Page 14 of 23Corlùy et al. Sports Medicine - Open           (2026) 12:17 

Table 3  (continued) 
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Table 3  (continued) 
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Table 3  (continued) 
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not significantly impact verbal fluency. Also, a history of 
ankle sprain injuries did not significantly impact spatio-
temporal gait outcomes during the clinical assessment 
[46].

Motor Skills
Two studies [30, 32] focused on the assessment of motor 
skills related to LAS and CAI. No differences were found 
between CAI and healthy controls on the Catch Game 
Motor Planning Test and the Finger Tapping Test [30, 
32].

Perception
Four studies focussed on perception in their research 
[24, 30, 40, 44]. Perceptual abilities, including visual-spa-
tial processing, did not differ between CAI patients and 
healthy controls [30, 40].

Individuals with CAI demonstrated lower accuracy 
on the Reactive Balance Test compared to controls, 
although visuomotor reaction times remained com-
parable between groups and across injured and non-
injured legs [44]. While healthy participants exhibited 
reduced dynamic postural stability under cognitive load 
compared to balance without cognitive load, individu-
als with CAI showed no significant changes in balance 

performance across conditions [40]. Similarly, Burcal et 
al. (2016) reported no significantly altered balance mea-
sures in either individuals with CAI or controls with 
addition of a perception task [24].

Processing Speed
Six studies investigated processing speed [28, 30, 32, 36, 
41, 42]. No significant differences were observed between 
CAI patients and healthy controls on tests such as the 
Staged Information Processing Speed Test [30] or Sym-
bol Digit Coding [32]. However, CAI patients demon-
strated slower reaction times and increased errors on the 
Deary-Liewald Reaction Time Task compared to controls 
[28]. Similarly, patients with a history of ankle sprain 
exhibited longer reaction times on visuomotor tasks [36] 
with slower reaction times associated with poorer health-
related quality of life scores and the injured limb exhib-
iting stronger associations with health-related quality of 
life outcomes than the uninjured limb [41].

Neurocognitive hop performance on the Choice-Reac-
tion Hop Test was comparable across CAI, coper, and 
control groups, although reaction times on the Choice-
Reaction Hop Test negatively correlated with ankle insta-
bility severity in CAI patients [42].

Table 3  (continued) 
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Verbal Memory
Two studies included verbal memory [32, 40]. Individu-
als with CAI showed significant deficits in visual mem-
ory compared to controls, with large effect sizes [32, 40]. 
Also, copers showed reduced visual memory compared 
to controls [32]. Balance performance remained unaf-
fected in CAI patients with addition of a verbal memory 
task [40].

Visual Memory
One study investigated visual memory [32]. Deficits in 
visual memory scores were reported in individuals with 
CAI compared to controls. Additionally, copers also 
exhibited deficits in visual memory compared to controls 
[32].

Working Memory
Twelve studies included working memory [23–26, 29, 
31, 35, 37–40, 45]. No significant differences were found 
in cognitive performance related to working memory 
between individuals with CAI and healthy controls [26, 
31, 38–40].

When cognitive tasks were paired with postural chal-
lenges, faster completion time and fewer errors were 
observed compared to performance on the isolated cog-
nitive task [26]. No significant differences in cognitive 
performance were observed between CAI patients and 
controls during these dual-task scenarios [31]. When 
paired with walking, cognitive performance on execu-
tive function tasks worsened across groups, with CAI 
patients enumerating fewer correct answers compared 
to controls [38]. Working memory tasks influenced bal-
ance performance differently across studies. While some 
findings suggested that addition of a cognitive task stabi-
lizes balance by reducing postural sway in CAI patients 
[35] and healthy controls [24], others reported increased 
sway in CAI patients [29] compared to controls [23, 31] 
or compared to copers and controls [27]. Watson et al. 
(2020) found that healthy participants demonstrated 
worse dynamic postural stability under Serial Sevens cog-
nitive load compared to balance without cognitive load, 
but this effect was not observed in CAI patients [40]. 
However, few studies reported no differences in balance 
with or without cognitive load in patients with CAI [37]. 
Lumbroso et al. (2023) observed significant differences 
during the foam tandem stance task while performing the 
Backward Digit Span Task, where potential copers scored 
lower than non-copers [45]. Finally some studies found 
equally impaired stability with addition of a working 
memory task in both CAI patients and healthy controls 
[26, 39], with Tohidast et al. (2021) reporting no differ-
ence between CAI patients and healthy controls during 
single leg stance while performing backward counting 
by 3 s (easy task), but worse balance performance in CAI 

patients compared to controls during summing complex 
numerical sequences (difficult task) [39]. Overall, cog-
nitive tasks were found to reduce postural sway during 
single-leg stance, with no significant differences observed 
between CAI and controls [24].

No additional benefit was found in incorporating 
cognitive intervention into Wobble Board Training for 
improving proprioception or jump-landing kinetic vari-
ables in individuals with CAI [37]. In both CAI patients 
and healthy controls, peroneus longus activation was 
lowest during the Serial Sevens cognitive load task com-
pared to visuospatial perception and processing speed 
tasks [40]. Furthermore, the backward digit span task 
within three weeks of a lateral ankle sprain did not pre-
dict instability at six months [45]. Dual-task walking con-
ditions led to slower walking speeds in both CAI patients 
and healthy controls, with no group differences in stride 
velocity. However, CAI patients exhibited increased ankle 
inversion and plantarflexion during dual-task walking 
compared to single-task conditions, while no such kine-
matic changes were observed in controls [38]. Addi-
tionally, dual-task conditions raised plantar cutaneous 
sensation thresholds in CAI patients, copers, and con-
trols [25].

Discussion
This systematic review synthesized evidence on the rela-
tionship between neurocognitive performance and liga-
mentous ankle injuries, with most studies focusing on 
CAI.

In the context of CAI, several neurocognitive domains 
have been investigated, highlighting the complex inter-
action between cognitive processing and motor control. 
The findings indicate that CAI patients exhibit deficits in 
selective and divided attention, inhibitory control, and 
visual memory, with mixed results for working memory 
and processing speed. Notably, some domains, such as 
language and motor skills, showed no significant deficits. 
These results suggest that CAI may influence certain neu-
rocognitive performance elements, likely due to altered 
sensorimotor integration and compensatory strategies. 
However, inconsistencies across studies and the absence 
of significant differences in several areas warrant cau-
tious interpretation.

These results align with existing literature on the role 
of neurocognition in injury mechanisms, including ACL 
injuries and musculoskeletal injuries more broadly. 
Research on ACL injuries by Bertozzi et al. (2023) high-
lights that lower cognitive performance in domains such 
as reaction time, working memory, and visual-spatial 
processing is associated with biomechanical patterns 
increasing injury risk, such as increased knee valgus 
angles and anterior tibial shear forces, particularly during 
dual-task or unanticipated movements [51]. Swanik et al. 
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(2007) indicate that differences in neurocognitive per-
formance may contribute to diminished neuromuscular 
control and coordination errors, increasing the suscep-
tibility of certain intercollegiate athletes to noncontact 
ACL injuries [21]. More generally, Wilke et al. (2022) 
demonstrated that slower reaction times and impaired 
visuomotor processing predict higher musculoskeletal 
injury risk in open-skill sports like soccer and basket-
ball, where rapid cognitive processing and adaptation are 
essential [52].

Neurocognitive deficits in CAI patients during tasks 
requiring divided attention or inhibitory control are par-
ticularly evident under dual-task conditions where cog-
nitive load influences motor and balance performance. 
Dual-tasking not only challenges the cognitive domains 
targeted by the cognitive task but also heavily taxes atten-
tion, specifically divided attention, as it requires allocat-
ing focus between the physical and cognitive tasks [53]. 
Deficits in selective and divided attention are demon-
strated in individuals with CAI [32–34, 43]. These chal-
lenges can be explained by several dual-task theories. The 
capacity-sharing theory posits that attentional resources 
are limited, leading to a decline in performance of one 
or both tasks when they demand substantial attention 
[54]. Similarly, the bottleneck theory suggests that tasks 
requiring the same neural processors create a bottle-
neck, delaying the second task until the processor is 
free [54]. In contrast, multiple resource models propose 
that dual-task interference only occurs if the tasks com-
pete for shared resources [55–57]. Neuroimaging studies 
have shown that dual-tasking activates regions like the 
prefrontal cortex (PFC) and anterior cingulate cortex, 
which are critical for prioritizing tasks [58, 59]. Such pri-
oritization is often guided by the “posture first” strategy 
observed in healthy individuals, where stability takes pre-
cedence to avoid falls [60–62].

Neuroplastic adaptations could provide further insight 
into these neurocognitive deficits. CAI and LAS are asso-
ciated with structural and functional brain adaptations, 
particularly in the sensorimotor network and regions 
such as the precentral gyrus, supplementary motor 
area, and anterior cingulate cortex. These supraspinal 
changes may stem from altered afferent input due to 
repeated injuries and impaired somatosensory feedback, 
which disrupt the integration of motor control signals. 
For example, individuals with CAI demonstrate altered 
corticomotor and corticospinal excitability, reflected 
in delayed reaction times and reduced coordination. 
Functional imaging studies also suggest recruitment of 
compensatory neural circuits in the motor cortex, under-
scoring the role of neuroplasticity in modulating motor 
control pathways. White matter microstructural changes 
in the cerebellum and sensorimotor integration areas fur-
ther corroborate these findings [10].

In contrast, memory-related findings varied, potentially 
due to differences in task difficulty, sample characteris-
tics, and methodologies. While no significant differences 
in standardized processing speed tests were observed, 
CAI patients showed slower reaction times in more 
ecologically valid tasks, reflecting disruptions in senso-
rimotor pathways and ankle proprioception. Perceptual 
abilities and balance performance under cognitive load 
were generally unaffected, but increased postural sway 
and altered stabilization strategies emerged in some dual-
task scenarios, suggesting a context-dependent influence 
of cognitive demands on balance.

This review aimed to address three key research ques-
tions: (1) How is neurocognition related to ligamentous 
ankle injury risk? (2) How is neurocognition affected 
following ligamentous ankle injuries? (3) What are the 
differences in neurocognition between people with liga-
mentous ankle injuries/CAI and healthy people? Regard-
ing the third question, individuals with CAI show deficits 
in attention, inhibitory control, and visual memory, com-
pared to healthy controls and copers, with mixed find-
ings for working memory and processing speed, while 
domains like language and motor skills remain unaf-
fected. However, in relation to the first and second ques-
tions, it is important to note that while differences in 
neurocognitive performance between CAI patients and 
controls are evident, the causal direction remains unclear. 
It is not possible to definitively determine whether neu-
rocognitive deficits are a consequence of ankle injuries or 
whether they existed prior to the injury and contributed 
to its occurrence. This limitation underscores the need 
for longitudinal studies to clarify the temporal relation-
ship between injury and neurocognitive performance.

Clinical and Practical Implications
The findings of this review offer potential implications for 
the rehabilitation and management of CAI. With tradi-
tional approaches often emphasizing biomechanical and 
neuromuscular components, there is a growing recogni-
tion that neurocognitive factors may also play a role in 
the complex interplay of motor control and injury risk. 
While the findings highlight the relevance of neurocogni-
tive factors in CAI, their integration into clinical practice 
requires careful consideration. Current evidence provides 
a foundation for exploring how neurocognitive deficits, 
such as those observed in attention, inhibitory control, 
and visual memory, might influence rehabilitation strate-
gies and thus may be best applied to refine rehabilitation 
strategies. Incorporating targeted cognitive-motor train-
ing within rehabilitation programs could provide oppor-
tunities to address neurocognitive challenges identified 
in CAI patients. For example, tasks requiring divided 
attention, inhibitory control, or rapid decision-making 
could be incrementally introduced alongside traditional 
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exercises to better simulate the cognitive and motor 
demands faced during sports or daily activities. Although 
dual-task paradigms and neurocognitive assessments, 
such as the Stroop task and Flanker task, represent a step 
forward, it is important to recognize that these methods 
do not fully replicate the complexity and unpredictabil-
ity of real-world demands. They serve as controlled tools 
to probe cognitive-motor interactions, offering insights 
that can inform more comprehensive rehabilitation 
approaches. Future research should aim to bridge the gap 
between laboratory-based assessments and the dynamic, 
high-pressure environments encountered in sports and 
other activities. However, the absence of significant dif-
ferences in certain domains, such as language and motor 
skills, suggests that not all cognitive functions are equally 
affected. This highlights the need to consider individu-
alized rehabilitation strategies tailored to specific neu-
rocognitive deficits. Additionally, current definitions of 
LAS and CAI may not fully capture the structural com-
plexity of ankle injuries, including possible involvement 
of the subtalar and midtarsal joints. Such diagnostic het-
erogeneity may contribute to variability in neurocogni-
tive outcomes across studies. Future research should aim 
for more precise classification and consider concomitant 
injuries to better understand injury mechanisms and 
guide targeted interventions.

Limitations and Future Directions
The reviewed studies utilized a total of 27 different cogni-
tive tasks across a variety of mono- and dual-task para-
digms, which highlight the diverse approaches used to 
evaluate neurocognitive performance in LAS and CAI 
research. This heterogeneity limits direct comparisons 
and performing a meta-analysis. Moreover, while some 
of the cognitive tasks utilized in the included studies 
are widely used and have established validity in assess-
ing cognitive function (e.g. CNS Vital Signs [63]) and 
reliability in healthy and CAI patient groups (e.g. Reac-
tive Balance Test [64, 65]), other tasks, (e.g. Attention 
Training task or Catch Game Motor Planning Test), lack 
similar psychometric evaluation and may thus contrib-
ute to measurement variability. Developing standard-
ized testing protocols and outcome measures, based on 
tests that have extensively been test for their validity and 
reliability in assessing cognitive function, would enable 
more consistent evaluations and facilitate meta-analytic 
synthesis in the future. Additionally, many studies did 
not report the raw scores or detailed performance met-
rics on the neurocognitive tasks themselves, which limits 
the transparency and reproducibility of findings. Ensur-
ing the availability of such data in future studies would 
improve comparability and allow for secondary analyses. 
Additionally, most included studies employed cross-sec-
tional designs, which restrict causal inferences. Future 

studies should adopt longitudinal designs to establish 
temporal relationships between neurocognitive deficits 
and LAS occurrence as well as CAI development, pro-
viding insights into whether these deficits are a cause or 
consequence of injury. A high risk of bias was noted in 
most studies, particularly regarding small sample sizes, 
inadequate blinding, and failure to adjust for confound-
ing variables. For example, one possible concern relates 
to participants’ educational level. Higher education lev-
els are often associated with better cognitive function-
ing across multiple domains (e.g., working memory [66, 
67], language skills [68], executive control [69]). How-
ever, none of the included studies controlled for level of 
education, which limits our ability to determine whether 
observed cognitive differences are attributable to CAI 
or to underlying differences in participants’ educational 
backgrounds. Future research comparing the cognitive 
abilities of healthy individuals and ankle injury patients 
should take educational level into account in order to 
improve the accuracy and interpretability of these group 
differences. Another limitation of the current evidence 
base is the small sample size of the included studies, 
which leads to imprecise estimates and wide confidence 
intervals rather than directly increasing Type I error [25–
27, 30–40]. When multiple outcomes are analyzed with-
out correction, the risk of Type I error may increase. Six 
studies did not report 95% confidence intervals for group 
differences or effect sizes, limiting the interpretability 
and clinical relevance of the findings [23–25, 28, 35, 38, 
42]. Future research should apply appropriate statistical 
controls for multiple testing and consistently report con-
fidence intervals to improve validity and transparency. 
Overall, future research should focus on improving study 
quality by addressing these methodological shortcom-
ings. Furthermore, the predominance of studies on young 
adult athletes limits generalizability to older populations 
or recreational athletes. Expanding research to include 
diverse populations would enhance the applicability 
of findings. Finally, while most studies focused on CAI, 
the neurocognitive implications of LAS remain under-
explored. Research specifically examining LAS could 
provide a more complete understanding of the injury 
continuum and inform tailored interventions.

Conclusion
This review underscores the association between liga-
mentous ankle injuries, particularly in CAI, and neu-
rocognitive performance. Individuals with CAI show 
deficits in attention, inhibitory control, and visual mem-
ory, with mixed findings for working memory and pro-
cessing speed, while domains like language and motor 
skills remain unaffected.

While differences in neurocognitive performance 
between CAI patients and controls are evident, it is 
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uncertain whether neurocognitive deficits arise as a con-
sequence of ankle injuries or whether they pre-exist and 
contribute to injury occurrence. This limitation under-
scores the need for longitudinal studies to establish the 
temporal relationship between neurocognitive perfor-
mance and ligamentous ankle injuries.

Incorporating neurocognitive elements, such as dual-
task training, into rehabilitation programs holds promise 
as a strategy to address these deficits. However, the effec-
tiveness of such neurocognitive-focused interventions 
and their added value compared to conventional reha-
bilitation programs remain unexplored. Future research 
should investigate whether integrating neurocognitive 
components into rehabilitation can improve outcomes. 
Additionally, developing standardized neurocognitive 
testing protocols and expanding research to diverse pop-
ulations will enhance the generalizability and applicabil-
ity of findings.
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