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Abstract: 

This study critically examines the predictive factors influencing language recovery, integrating 

lesion-related variables (location, size, stroke subtype) with non-lesion factors (age, education, cognitive 

reserve, and socio-economic status). Emphasis is placed on the role of neuroplasticity and early 

intervention in facilitating functional reorganisation of language networks. The paper further explores 

the limitations of current prognostic models, highlighting the substantial inter-individual variability that 

constrains predictive accuracy. In addition, the emotional and psychological impact of aphasia is 

considered, underscoring the importance of integrating psychological support within rehabilitation 

frameworks. The findings contribute to a more nuanced understanding of recovery mechanisms and 

support the development of personalised, network-informed therapeutic strategies aimed at optimising 

both linguistic and psychosocial outcomes. 
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Introduction 

Cerebrovascular accidents (stroke) represent a major global public health concern, 

characterized by high rates of mortality and long-term disability. In Romania, the burden of 

stroke remains particularly significant. According to SAFE (2017), more than 61,000 stroke 

cases are recorded annually, with a mortality rate of 156.8 deaths per 100,000 inhabitants. 

Furthermore, approximately 40% of stroke survivors are left with moderate disability, while 15–

30% experience severe disability (Păun et al., 2023; Duncan et al., 2005). 
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Among the most common neuropsychological consequences of stroke is aphasia, a 

language disorder resulting from brain dysfunction. Studies indicate that between 20% and 

40% of patients with acute stroke develop acquired language impairments (El Hachioui et al., 

2013; Pedersen et al., 2004), typically due to lesions in the language-dominant hemisphere. 

Aphasia affects a wide range of linguistic abilities, including verbal expression, comprehension, 

repetition, naming, reading, and writing. Given the central role of language in human 

communication, cognition, and social interaction, its impairment represents a profound 

disruption of both individual functioning and social participation. 

Language processing is arguably one of the most complex human cognitive functions, 

and its disruption following stroke is both common and debilitating. Consequently, the 

mechanisms underlying language recovery have been extensively debated in the literature 

(Brady et al., 2016; Geranmayeh et al., 2014). Although spontaneous recovery may occur in 

some cases, early and sustained therapeutic intervention is essential for optimizing functional 

outcomes. 

Speech and language therapy, delivered by trained specialists, has been shown to 

significantly improve communication abilities in individuals with aphasia. However, access to 

such interventions is often limited by economic and geographical factors. In many cases, 

patients receive therapy only during the initial months following stroke, despite evidence 

indicating that continued intervention may yield benefits even years after onset (Brady et al., 

2016). This limitation is particularly pronounced in rural areas, where access to specialized 

services may be minimal or entirely absent. 

Recent advances in neuroscience have highlighted the potential of non-invasive brain 

stimulation techniques, such as transcranial magnetic stimulation and transcranial direct 

current stimulation, to enhance language recovery in post-stroke aphasia (Norise & Hamilton, 

2017). These approaches support the notion that recovery is closely linked to the brain’s 

capacity for functional reorganization. Indeed, accumulating evidence suggests that language 

recovery depends on dynamic changes within the neural networks of the dominant hemisphere 

(Abel et al., 2015; Fridriksson et al., 2013). 

Therapeutic approaches to aphasia may target specific linguistic deficits (e.g., anomia, 

agrammatism) by focusing on distinct language functions such as word retrieval or syntactic 

processing (Simmons-Mackie & Kagan, 2007). Alternatively, interventions may aim to improve 

functional communication through pragmatic and socially oriented strategies, emphasizing 

interaction and participation. Understanding both the mechanisms and the limitations of 

language recovery is therefore essential for designing effective rehabilitation strategies. 

In this context, the present study aims to examine the key factors influencing language 

recovery in individuals with post-stroke aphasia, considering both lesion-related and non-

lesion-related variables, as well as the inherent limitations associated with predicting recovery 

outcomes. 

1. Determinants and Mechanisms of Language Recovery in Post-Stroke Aphasia 

Recovery of language following aphasia involves the dynamic reorganisation of neural 

networks supporting linguistic processing. However, this process cannot be understood solely 

in neurobiological terms. Increasing evidence suggests that recovery emerges from the 

interaction between neurological, cognitive, emotional, and social factors, thus requiring a 

multidimensional explanatory framework. 
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From a clinical perspective, this implies that effective rehabilitation must move beyond 

deficit-based models and adopt an integrative approach that considers both biological 

constraints and patient-specific psychosocial resources. 

In this context, determinants of recovery can be broadly categorised into lesion-related 

and non-lesion-related factors, which interact continuously with psychological and 

environmental variables shaping rehabilitation outcomes. 

Lesion-related factors include lesion location and size (Goldenberg & Spatt, 1994), 

stroke characteristics and aphasia severity (Fillingham et al., 2006), type of linguistic deficit 

(Pedersen, 2004), stroke subtype (Jung et al., 2011), and metabolic factors (Fridriksson et al., 

2012). Non-lesion-related factors encompass patient sex (Engelter et al., 2006), age 

(Pedersen et al., 2004), handedness (Pedersen et al., 1995), educational attainment (Connor 

et al., 2001), intelligence (Kertesz & McCabe, 1975), and socio-economic status (Asch et al., 

2006). Importantly, these variables do not operate independently but interact with motivational, 

emotional, and social dimensions, which may either facilitate or hinder recovery trajectories. 

1.1. Lesion-Related Determinants 

A substantial body of research indicates that language recovery is inversely related to 

lesion size (Goldenberg & Spatt, 1994; Henseler et al., 2014). Nevertheless, recovery cannot 

be reliably predicted in the early post-stroke phase based solely on structural variables such 

as lesion size, age, or initial severity (Lazar et al., 2008). Instead, lesion location within 

functionally critical language networks appears to play a more decisive role. Even small lesions 

affecting eloquent language areas may result in severe and persistent deficits, whereas larger 

lesions located outside these regions may have comparatively limited impact. 

Neurofunctional evidence further supports this perspective. Henseler et al. (2014) 

demonstrated distinct associations between lesion sites and specific aphasia profiles (e.g., 

Broca’s vs. Wernicke’s aphasia), suggesting that recovery is constrained by the disruption of 

specialised linguistic subsystems. At the same time, recovery is not purely a function of 

structural damage, but also of the brain’s capacity for functional reorganisation. Patients with 

chronic aphasia frequently exhibit adaptive communicative strategies and partial 

reorganisation of language networks, particularly during the subacute phase (Saur et al., 

2006). Initial severity of aphasia remains one of the most robust clinical predictors of outcome 

(Fillingham et al., 2006; Pedersen et al., 2004), with milder impairments associated with more 

favourable recovery trajectories (Laska et al., 2001).  

Clinically, this highlights the importance of early stratification of patients based on 

severity, allowing clinicians to tailor intervention intensity and set realistic therapeutic goals. 

Patients with severe aphasia may require longer-term, multimodal, and psychologically 

supported interventions to sustain engagement and prevent withdrawal. However, 

inconsistencies in the literature (Seniów et al., 2009) highlight that severity alone cannot fully 

account for recovery variability. These discrepancies may reflect the influence of non-linguistic 

factors, including attention, motivation, emotional regulation, and engagement in therapy, 

dimensions that are rarely controlled for but critically shape rehabilitation outcomes. 

Recovery patterns also differ across aphasia types. Global and anomic aphasia are 

generally associated with poorer outcomes, whereas Broca’s aphasia often shows better 

recovery (Henseler et al., 2014; Jung et al., 2011), although this relationship is not consistently 

observed (Sarno & Levita, 1979). Furthermore, recovery is not uniform across linguistic 
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domains: phonological processes tend to improve earlier than semantic or syntactic functions, 

and receptive language often recovers before expressive language (El Hachioui et al., 2013). 

From an applied standpoint, these differences suggest that rehabilitation programmes 

should be adapted not only to severity but also to aphasia subtype, prioritising specific linguistic 

domains (e.g., phonological vs. semantic processing) according to the expected recovery 

trajectory. 

Beyond structural damage, physiological mechanisms such as cerebral perfusion and 

metabolic recovery play a critical role. Improved outcomes have been associated with 

restoration of cerebral blood flow, successful reperfusion, and normalisation of glucose 

metabolism in perilesional regions (Fridriksson et al., 2012). Conversely, persistent 

hypoperfusion and delayed metabolic recovery are linked to poorer long-term outcomes (Hillis, 

2010). Nevertheless, the relationship between these biological processes and functional 

recovery remains complex and not fully understood (Richardson et al., 2011). 

These findings underline the importance of early medical stabilisation and 

neurorehabilitation timing, suggesting that therapeutic windows should be strategically 

exploited to maximise neuroplastic potential. 

1.2. Non-Lesion-Related Determinants 

Non-lesion-related factors contribute to the variability of recovery outcomes, although 

their effects are often indirect and mediated by psychological and social processes. 

Gender differences in aphasia incidence remain inconclusive, with some studies 

reporting higher prevalence in women (Engelter et al., 2006; Kyrozis et al., 2009), others in 

men (Kertesz & Sheppard, 1981), and some finding no significant differences (Kang et al., 

2010). Similarly, age is associated with aphasia incidence, with higher rates observed in older 

populations (Engelter et al., 2006; Pedersen et al., 2004), but its impact on recovery remains 

inconsistent (Inatomi et al., 2008; Pedersen et al., 2004). While younger patients may 

demonstrate greater neural plasticity (Laska et al., 2001), age alone does not reliably predict 

recovery outcomes. Clinically, this suggests that age should not be used as an exclusion 

criterion for intensive rehabilitation, but rather as a contextual factor informing pacing, support 

needs, and expectations. 

Handedness has been hypothesised to influence recovery due to differences in 

hemispheric language representation. Left-handed and ambidextrous individuals may exhibit 

more bilateral language organisation and potentially greater neural flexibility (Ferro et al., 1999; 

Knecht et al., 2000). However, empirical evidence does not support a significant independent 

effect of handedness on aphasia recovery (Pedersen et al., 1995; Pickersgill & Lincoln, 1983). 

Educational attainment and socio-economic status are frequently discussed in relation 

to cognitive reserve and access to healthcare. Higher education may reduce vulnerability to 

language impairment (Connor et al., 2001; González-Fernández et al., 2011), yet its role in 

recovery remains unclear (Lazar et al., 2008). Socio-economic status, encompassing income, 

healthcare access, and health-related behaviours, may indirectly influence outcomes (Asch et 

al., 2006; Bernheim et al., 2008; Engelter et al., 2006), although consistent empirical evidence 

is lacking. 

From an applied perspective, these findings highlight the need for personalised 

rehabilitation strategies that account for disparities in cognitive reserve, health literacy, and 

access to care. Patients with lower socio-economic status may require additional support 

structures to ensure adherence and continuity of therapy.  
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Similarly, premorbid intelligence has been associated with initial aphasia severity 

(Kertesz & McCabe, 1975; David & Skilbeck, 1984), but not with long-term recovery trajectories 

(Ferro et al., 1999). These results suggest that clinicians should avoid overestimating the role 

of cognitive baseline in predicting recovery, focusing instead on modifiable factors such as 

engagement, therapy intensity, and environmental support. 

To facilitate the translation of these determinants into clinical practice, Table 1 

synthesises the main recovery predictors alongside their corresponding therapeutic 

implications, supporting a more structured and individualised approach to aphasia 

rehabilitation. 

Table 1: Clinical implications of determinants of language recovery in post-stroke aphasia 

Determinant 

Category 
Key Factor Empirical Evidence Clinical Implication 

Lesion-related 
Lesion size and 

location 

Goldenberg & Spatt 

(1994); Henseler et al. 

(2014) 

Early neuroimaging should guide 

prognosis and localisation-specific 

therapy planning 

Lesion-related 
Initial aphasia 

severity 

Fillingham et al. (2006); 

Pedersen et al. (2004) 

Stratify patients by severity to 

adjust therapy intensity and set 

realistic goals 

Lesion-related Aphasia type 
Jung et al. (2011); 

Henseler et al. (2014) 

Tailor interventions to linguistic 

profiles (e.g., expressive vs. 

receptive deficits) 

Lesion-related 

Cerebral 

perfusion and 

metabolism 

Fridriksson et al. (2012); 

Hillis (2010) 

Optimise timing of intervention to 

align with neuroplastic recovery 

windows 

Non-lesion-

related 
Age 

Laska et al. (2001); 

Inatomi et al. (2008) 

Adapt pacing and expectations, 

but do not limit access to 

rehabilitation 

Non-lesion-

related 
Gender 

Engelter et al. (2006); 

Kang et al. (2010) 

No major adjustment required; 

monitor individual variability 

Non-lesion-

related 
Handedness 

Pedersen et al. (1995); 

Knecht et al. (2000) 

Limited clinical relevance; not a 

primary decision factor 

Non-lesion-

related 

Education and 

cognitive 

reserve 

Connor et al. (2001); 

González-Fernández et 

al. (2011) 

Adapt therapy complexity and 

support according to cognitive and 

educational background 

Non-lesion-

related 

Socio-

economic 

status 

Asch et al. (2006); 

Bernheim et al. (2008) 

Provide additional support for 

adherence, access, and continuity 

of care 

Non-lesion-

related 
Intelligence 

Kertesz & McCabe 

(1975); Ferro et al. (1999) 

Focus on engagement rather than 

baseline cognitive ability 

Source: Authors’ synthesis 

2. Predicting and Mechanistically Understanding Language Recovery in Post-Stroke Aphasia 

Predicting recovery from post-stroke language disorders is of considerable clinical 

importance, as patients and caregivers seek realistic expectations regarding functional 

outcomes (Price et al., 2010). Lazar et al. (2010) developed a predictive model based on the 

Western Aphasia Battery (WAB), suggesting that patients may achieve up to approximately 

70% of their maximum recovery potential within the first 90 days post-stroke. 

However, predicting aphasia recovery remains challenging due to the substantial 

variability in outcomes, even among individuals with similar lesions (Kiran, 2012). To address 
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this complexity, the PLORAS study (Price et al., 2010) proposed a data-driven predictive model 

based on recovery patterns observed in patients with comparable lesion characteristics and 

clinical profiles. This approach relies on large-scale datasets and high-resolution MRI scans, 

where lesions are reconstructed in three dimensions and compared with those of other patients 

in the database. Language scores and recovery trajectories from the most similar cases are 

then used to estimate outcomes for new patients. 

Despite their promise, such predictive models face several limitations. First, aphasia 

deficits are often complex and multidimensional, making it difficult to accurately match new 

patients to predefined profiles, thereby increasing the risk of prediction errors. Second, 

statistical complexity arises from interactions among multiple predictors; as the number of 

variables increases, statistical inference becomes more difficult, a phenomenon known as the 

“curse of dimensionality” (Bellman & Bellman, 2015). Saur et al. (1995) noted that regression-

based approaches must adequately account for variable interactions before reliable predictive 

models can be established. Third, increasing statistical complexity may also introduce risks of 

analytical bias, including p-hacking, whereby statistical procedures are manipulated to obtain 

significant results (Price et al., 2010). 

From a clinical perspective, these limitations suggest that predictive models should be 

used cautiously and as complementary tools rather than definitive prognostic instruments. 

Neurobiological Mechanisms of Recovery 

Theoretical models of recovery in post-stroke aphasia largely rely on the assumption that 

brain regions not previously involved in language processing, or involved in a different 

capacity, can be recruited to compensate for functions formerly supported by damaged 

perisylvian structures in the dominant hemisphere (Belin et al., 1996; Turkeltaub et al., 2012).  

The effectiveness of this compensatory mechanism depends on at least two fundamental 

properties. The first concerns the extent to which newly recruited brain regions possess 

computational capacities similar to those of the damaged areas. In other words, how effectively 

can these regions perform the linguistic functions previously carried out by the injured 

structures? The second property relates to the degree of anatomical and functional 

connectivity between compensatory regions and the damaged networks. Efficient 

compensation is more likely when newly recruited regions maintain connections with the 

original functional network. 

In this context, perilesional areas and right-hemisphere homologues of left-hemisphere 

language regions represent plausible candidates for functional reorganisation. However, they 

are not the only structures involved in recovery. For instance, Xing et al. (2016) demonstrated 

that increased grey matter volume in the right temporoparietal region is associated with 

improved language performance in post-stroke aphasia, even when these regions are not 

direct homotopic counterparts of the lesion site. 

Functional Connectivity and Network Reorganisation 

Advances in neuroimaging and connectivity analysis have enabled a more nuanced 

understanding of how large-scale brain networks reorganise during recovery. Studies have 

shown that increased frontoparietal integration is associated with improved language 

outcomes (Sharp et al., 2010). Moreover, treatment-related changes in functional connectivity 

have been observed, including a shift from right middle temporal gyrus activation to left 

temporal and supramarginal regions following therapy (van Hees et al., 2014). 
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Yang et al. (2016) reported increased activity in contralesional medial temporal and 

lateral temporal cortices in patients with aphasia compared to age-matched controls. Taken 

together, these findings suggest that recovery is associated with increased activation and 

integration of both ipsilesional and contralesional networks. 

Interestingly, patterns of reorganisation differ between post-stroke aphasia and primary 

progressive aphasia. While post-stroke recovery tends to involve more bilateral network 

changes, primary progressive aphasia is characterised by more localised disruptions in 

functional connectivity (Mandelli et al., 2016). Specifically, reduced connectivity has been 

observed in the dorsal opercular portion of the left inferior frontal gyrus in progressive aphasia.  

The network-based mechanisms underlying language recovery are illustrated in Figure 

1, highlighting the dynamic interaction between perilesional reorganisation, contralateral 

compensation, and large-scale network integration processes. The figure illustrates the 

principal neurobiological mechanisms supporting language recovery following stroke, including 

perilesional reorganisation, recruitment of contralateral homologous regions, and large-scale 

network integration. These processes reflect adaptive neuroplastic changes occurring at both 

local and distributed network levels. 

Figure 1. Network-based mechanisms of language recovery in post-stroke aphasia 

 
Source: Authors’ conceptual synthesis 

These mechanisms provide the neurobiological foundation upon which behavioural and 

psychological interventions act, reinforcing the need for integrated, network-informed 

rehabilitation strategies. 

3. Emotional Impact of Aphasia and the Role of Psychological Support: Applied Implications 

for Rehabilitation 

Post-stroke aphasia affects not only linguistic functions but also exerts a profound impact 

on patients’ emotional well-being, personal identity, and social functioning. The loss of 

communicative ability frequently leads to frustration, anxiety, depression, and social isolation, 

significantly diminishing quality of life. Empirical evidence indicates that post-stroke depression 

and difficulties in psychological adjustment are consistently associated with poorer functional 

outcomes in language recovery (Hilari et al., 2012; Northcott et al., 2016; Vaughan & Manning, 

2023).  
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From a clinical perspective, these emotional responses should not be regarded merely 

as secondary consequences, but as active factors influencing the trajectory of recovery. 

Elevated levels of anxiety and depression may reduce engagement in therapy, impair attention 

and working memory, and hinder learning and cognitive reorganization processes that are 

fundamental for neuroplasticity (Cahana-Amitay & Albert, 2015). 

In this context, effective rehabilitation requires the systematic integration of structured 

psychological components. From an applied standpoint, this involves: 

▪ systematic psychological screening in the early post-stroke phase;  

▪ adaptation of therapeutic communication (e.g., visual aids, simplified language);  

▪ interventions targeting motivation and self-efficacy;  

▪ emotional regulation and frustration management during speech and language therapy.  

The main psychological and therapeutic interventions relevant to post-stroke aphasia 

rehabilitation are summarized in Table 2, highlighting their clinical objectives and their 

contribution to functional recovery outcomes. 

Table 2: Psychological interventions in post-stroke aphasia rehabilitation 

Intervention 

domain 
Applied strategy Clinical objective Impact on recovery 

Psychological 

screening 

▪ Assessment of 

depression, anxiety, 

motivation 

▪ Identification of 

psychological risk 

▪ Enhances therapy 

personalization 

Therapeutic 

communication 

▪ Visual support, 

simplified language 

▪ Facilitation of 

comprehension 
▪ Reduces frustration 

Adapted CBT ▪ Cognitive restructuring 
▪ Reduction of 

depression/anxiety 

▪ Increases therapy 

engagement 

ACT 
▪ Acceptance and 

meaning-making 

▪ Psychological 

adaptation 

▪ Reduces avoidance 

and stress 

Family support 
▪ Communication 

training 

▪ Improved 

interpersonal 

relationships 

▪ Reduces social 

isolation 

Interdisciplinary 

interventions 

▪ Neurology + 

psychology + speech 

therapy 

▪ Holistic approach 
▪ Maximizes recovery 

outcomes 

Note: CBT = Cognitive Behavioral Therapy; ACT = Acceptance and Commitment Therapy. 

Source: Authors’ synthesis based on Hilari et al. (2012), Northcott et al. (2016), Cahana-Amitay & Albert 

(2015), Baker et al. (2024), and Bi & Wang (2022). 

Psychotherapeutic approaches relevant in this context include Cognitive Behavioral 

Therapy (CBT), Acceptance and Commitment Therapy (ACT), and psychosocial support 

interventions. Recent evidence suggests that interventions adapted for individuals with 

aphasia can effectively reduce depressive symptoms and enhance social participation (Baker 

et al., 2024). Adapted CBT facilitates cognitive restructuring and the development of coping 

strategies, while ACT supports acceptance of functional limitations and the reconstruction of 

personal meaning and identity. 

Family and caregiver involvement represents a critical component of the rehabilitation 

process. Interventions targeting caregivers contribute to improved communication patterns, 

emotional support, and reduced social isolation, all of which are associated with better long-

term outcomes (Bi & Wang, 2022; Northcott et al., 2016).  
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Therefore, integrating a biopsychosocial perspective into aphasia rehabilitation is 

essential. Language recovery is not solely dependent on neural reorganization but is also 

shaped by emotional adaptation, social support, and psychological interventions. 

Interdisciplinary approaches, combining neurology, psychology, and speech-language 

therapy, are important for optimizing both functional recovery and social reintegration. 

A biopsychosocial model of language recovery is illustrated in Figure 2, emphasizing the 

dynamic and bidirectional interactions between neurological, cognitive, emotional, and social 

factors, as well as the role of therapeutic interventions in shaping recovery trajectories. 

Figure 2: Biopsychosocial pathways of language recovery in post-stroke aphasia 

 
Source: Authors’ compilation 

Conclusion 

Language recovery following post-stroke aphasia is a multidimensional and highly 

individualised process shaped by the dynamic interaction of neurobiological, cognitive, and 

psychosocial factors. A multitude of interrelated variables must be considered when 

determining prognosis, and while any prediction may represent only the clinician’s “best 

estimate”, the current body of evidence provides an increasingly robust framework for more 

accurate, evidence-based assessments of recovery potential. 

The findings of this study confirm that lesion-related variables, particularly lesion size 

and localisation, remain the most consistent and clinically relevant predictors of recovery 

patterns. In contrast, patient-related variables such as age, sex, handedness, education, and 

intelligence appear to exert a more limited and less consistent influence on language 
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outcomes. These insights underscore the importance of prioritising stroke-specific indicators 

when clinicians evaluate functional recovery potential in post-stroke aphasia. 

At the same time, recovery cannot be fully understood through isolated predictors. The 

substantial variability observed across patients reflects the complex interaction between 

lesion-related, non-lesion, and treatment-related factors, many of which remain insufficiently 

controlled in existing studies. Although a considerable proportion of patients achieve functional 

improvement, a large number continue to experience persistent linguistic deficits of varying 

severity, reinforcing the need for more precise and individualised prognostic approaches. 

Importantly, advances in cognitive neuroscience, neuroimaging, and network science 

are progressively transforming our understanding of both normal and disrupted brain function. 

These developments support a shift from localisation-based models towards network-based 

frameworks that better capture the distributed and adaptive nature of language recovery. 

Within this context, neuroplasticity emerges as a central mechanism, enabling functional 

reorganisation across both perilesional and distributed brain networks. 

Furthermore, recovery should not be conceptualised solely in linguistic terms. Emotional 

adaptation, psychological resilience, and patient engagement play a critical role in shaping 

rehabilitation trajectories. Integrating psychological support into rehabilitation frameworks is 

therefore essential for achieving optimal outcomes. 

Looking forward, both clinicians and researchers are encouraged to adopt integrative, 

model-informed approaches that align with emerging evidence on brain plasticity, connectivity, 

and recovery dynamics. In particular, the development and application of non-invasive 

neuromodulation techniques, combined with personalised rehabilitation strategies, hold 

significant promise for addressing not only language deficits but also broader cognitive 

impairments associated with neurological conditions. 
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