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Abstract 

Introduction: The Cognitive Orientation to daily Occupational Performance 

(CO-OP) approach is a client-centered, performance-based intervention widely 

applied in occupational therapy. While its effectiveness for occupational 

performance is established its impact on executive functions (EFs) across diverse 

populations remains less clear. Aim: To examine the evidence regarding the 

effectiveness of the CO-OP approach on EFs among diverse populations. 

Method: A systematic search of PubMed, CINAHL, AMED, MEDLINE, 

PsycINFO, Scopus and Proquest was conducted following the Cochrane 

Handbook. Nine studies met the inclusion criteria, including randomized 

controlled trials and case-control designs. Results: Across 141 participants, 

improvements were found based on EF assessment tools, in planning, problem-

solving, attention, cognitive flexibility, and self-regulation, though results varied 

between populations. Studies involving children reported notable gains in 

problem-solving and planning, while research with adults with TBI, ABI, or post-

stroke conditions indicated more variable results. Almost all studies reported 

significant improvements in occupational performance. Conclusions: Findings 

suggest that the CO-OP approach can effectively enhance key components of EFs 

across a range of populations Significance: This review expands existing 

knowledge by integrating findings across populations, strengthening the link 

between executive functioning and occupational performance, and supporting CO-

OP’s adaptability in occupational therapy practice. 
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(Effectiveness of the CO-OP approach on 

executive functioning- A Systematic Review)  

Introduction 

Executive functions (EFs)—as defined in the International Classification of Functioning (ICF) 

under mental functions—are higher-level cognitive processes such as planning, organizing, 

decision-making, problem-solving, and self-monitoring (World Health Organization [WHO], 

2001). These functions are essential for initiating and managing occupations in daily life. As a 

result they may directly influence occupational performance by enabling individuals to set 

goals, sequence tasks, adapt to changes, and carry out complex activities (Giles et al., 2025). 

When EFs are impaired, an individual may face significant challenges in performing and 

engaging in meaningful occupations. In order to support everyday engagement in occupations 

it is important to focus on these functions as well. 

Executive functions 

Lezak (1982) was among the first who created and studied the term “executive function”, 

which involves skills to formulate goals, to plan strategies to achieve those goals, and to self-

evaluate one’s performance during these activities; however the definition was still unclear at 

the time. According to Dores et al. (2014), damage to EFs affects other mental functions and 

can cause general cognitive and behavioral disorganization, resulting in executive 

dysfunction, which is pervasive and disabling to patients and their caregivers. 

EFs gradually develop throughout childhood and adolescence, while the brain matures—

particularly in the prefrontal cortex, which continues to develop into early adulthood 

(Diamond, 2013). During this period, individuals acquire the capacity to regulate emotions, 

sustain attention, plan complex tasks, and adapt behavior to changing contexts. Environmental 
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factors, such as parental support, education, and opportunities for problem-solving, further 

influence EFs development (Best & Miller, 2010). When these functions are disrupted, either 

due to developmental, neurological, or acquired conditions, everyday life can be significantly 

affected. 

ICF ‘provides a description of situations with regard to human functioning and its restrictions 

and serves as a framework to organize this information’ (WHO, 2001, p. 3). The body 

components of ICF include the functions of body systems and body structures. In the mental 

function domain, the code b164 refers to higher- level cognitive functions and includes 

‘complex goal-directed behaviors such as decision-making, abstract thinking, planning and 

carrying out plans, mental flexibility, and deciding which behaviors are appropriate under 

what circumstances; often called executive functions’ (WHO, 2001, p. 60). The code gets 

broken down to b1640- Abstraction, b1641- Organization and planning, b1642- Time 

management, b1643- Cognitive flexibility, b1644- Insight, b1645- Judgment, b1646- 

Problem-solving, b1648- Higher-level cognitive functions, other specified, and b1649- 

Higher-level cognitive functions, unspecified. 

The code b140 refers to Attention functions as a separate body function and it is not included 

in the higher- level cognitive functions, and the code b144 refers to Memory functions (WHO, 

2001). 

According to Cramm et al. (2013), executive functioning plays a crucial role in occupational 

performance and participation. Deficits can lead to difficulties with activities of daily living, 

instrumental activities of daily living, employment, and social interactions, limiting 

independence and community engagement. They also restrict roles, lower the quality of life, 

and hinder independence. EFs are considered the most important cognitive functions, 

affecting occupational participation (Cramm et al., 2013). 
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Cognitive Orientation to daily Occupational Performance 

Cognitive Orientation to daily Occupational Performance (CO-OP) is an intervention 

approach that uses the power of cognition to acquire occupational skills and as a result to 

develop occupational competency (Polatajko et al., 2001). CO-OP is a client-centered 

approach, which focuses directly on occupational performance issues. It differs from the 

traditional sensorimotor approaches used by occupational therapists (OTs) that primarily 

focused on remediating underlying motor deficits and it is based on verbal guidance and 

active engagement of client (Polatajko et al., 2001). It was developed in the early 1990s in 

response to the limited effectiveness of existing pediatric interventions for children with 

Developmental Coordination Disorder (DCD). Rooted in cognitive and educational 

psychology, the approach integrates theories from Vygotsky, Luria, Meichenbaum, and 

Feuerstein, emphasizing the role of verbal self-guidance, problem-solving, and mediated 

learning (Missiuna et al., 2001). Instead of targeting impairment at the body level, CO-OP 

emphasizes cognition as the driver of skill acquisition and occupational competence 

(Polatajko et al., 2001). 

The CO-OP approach is structured around three main objectives: skill acquisition, strategy 

use, and generalization and transfer (Polatajko et al., 2001). Skill acquisition refers to the 

client’s ability to learn and improve meaningful occupational skills identified through a client-

centered goal-setting process, often guided by the Canadian Occupational Performance 

Measure (COPM) (Polatajko et al., 2001). Strategy use forms the cognitive foundation of CO-

OP and involves using problem-solving methods to enhance performance. Clients are guided 

to use a global strategy, Goal-Plan-Do-Check to learn a problem solving technique, along 

with domain-specific strategies tailored to their unique performance challenges. Through 

guided discovery, the therapist supports the client in identifying, testing, and refining 

strategies, and supports independent problem-solving (Missiuna et al., 2001). Finally 
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generalization and transfer involve extending the use of learned skills and cognitive strategies 

beyond therapy sessions to real-life situations. Clients learn to apply strategies in different 

settings, promoting independence and long-term occupational engagement. This process is 

supported through significant others’ involvement and the consistent use of cognitive 

strategies across daily environments (Houldin et al., 2017). 

The CO-OP approach is characterized by six essential features that guide its clinical 

application: session structure, client-chosen goals, dynamic performance analysis, cognitive 

strategies, enabling principles, and caregiver involvement (Polatajko et al., 2001). The 

intervention follows a structured sequence typically delivered over twelve sessions, allowing 

systematic progression from assessment to skill acquisition and consolidation. 

CO-OP employs a problem-solving framework captured by a global strategy “GOAL-PLAN-

DO-CHECK” (GPDC) and Domain Specific Strategies as well (Houldin et al., 2017). CO-OP 

also applies the problem-solving framework using guided discovery to identify cognitive 

strategies to improve occupational performance (Houldin et al., 2017). Through the process of 

dynamic performance analysis, the OT acts as a guide to facilitate self-discovery of strategies 

that promote generalization and transfer of performance to a variety of meaningful activities 

(Polatajko et al., 2001).  

Originally it was developed for children with DCD, however in the past years many studies 

have been conducted for the use of CO-OP for diverse populations, like individuals with 

Autism Spectrum Disorder, Down syndrome, Cerebral Palsy (CP) and Spina Bifida (SB) 

(Czmowski et al., 2014; Özbeşer et al., 2022; Kolit & Ekici, 2023; Öhrvall et al., 2020). 

A case study research was also conducted by Rodger and Vishram (2010) about children with 

Asperger Syndrome, exploring the use of Global Strategies and Domain-Specific Strategies, 

the type of guidance, and dimensions of time on task used, during the CO-OP intervention. 
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It is almost always used with the COPM (Law et al., 2019). COPM is used to assess the 

client’s occupational performance and his/ hers satisfaction with it. Then the goals that are 

needed for CO-OP are set based on this assessment and COPM is used again to retest after the 

intervention and evaluate the clients’ perceptions of change in performance and satisfaction 

(Polatajko et al., 2001). With this tool client centered occupation focused goals are set and 

guide the CO-OP intervention.  

So far, several studies have examined the relationship between the CO-OP approach and 

executive functions in various populations (e.g., Dawson et al., 2009; Poulin et al., 2017; 

Gurlek & Bumin, 2024); however, no systematic review has yet synthesized these findings 

across populations.  

State of the art 

The CO-OP approach has been applied across a variety of client populations, showing 

promising results in different contexts, as it is identified in a recent review of Gimeno and 

Polatajko (2025). In this review evidence for CO-OP has been found for several diverse 

populations across the lifespan, from children aged 5 years old to older adults experiencing 

stroke or mild cognitive delay. In their primary search they identified research for children 

with diverse conditions including Acquired Brain Injury (ABI), Attention deficit hyperactivity 

disorder (ADHD), Autism Spectrum Disorder, DCD, Down syndrome, CP and SB. 

Additionally Wong et al. (2024) identified the feasibility of CO-OP as intervention even for 

individuals dealing with mood, anxiety, or adjustment disorders.  

The identified researches use most often the Performance Quality Rating Scale (PQRS) 

(Martini et al., 2015) and COPM to measure the outcomes of the approach on the chosen 

trained and untrained goals. However references are being made to the benefits of the 

approach to EFs, directly or indirectly through the process. 
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In 2024 Cantin et al. performed a systematic review to synthesize the evidence of the use of 

CO‑OP for children and adults with DCD. The included studies in the review covered a range 

of experimental designs and their results provided support to the existing evidence about the 

positive outcomes of CO-OP for children with DCD; however a literature gap was identified 

for adolescents and adults. Similarly Kiriakou & Psychouli (2024) performed a systematic 

review to explore the existing evidence for the use of CO-OP in addressing occupational 

performance for individuals with stroke, the findings of which revealed statistically 

significant and clinically important results. It was however identified the high risk of bias in 

the included studies, the small sample size and other methodological issues in the studies. 

Madieu et al. (2023) examined the evidence regarding the effectiveness of the CO-OP for 

children with neurodevelopmental Disorders including DCD, ADHD and Autism Spectrum 

Disorder. This systematic review identified the positive effect of CO-OP on children’s 

activities and participation, as well as on body functions, according to the ICF. It was 

highlighted the effectiveness on ICF body functions, even though it is not a direct goal of the 

Approach. Even though the body functions were affected, there was not a specific mention on 

EFs in the review, making the literature gap on CO-OP and EFs more visible. 

Mendoza et al. (2018) in their Thesis they performed a literature review about the utilization 

of CO-OP to improve occupational performance and executive functioning. However the 

results they concluded about the EFs were moderate and the authors suggested further 

research on this topic. 

Theoretical background 

The Canadian Model of Occupational Performance and Engagement (CMOP-E) is a 

framework centered on three core elements: person, occupation, and environment. At the 

heart of the model lies the person, whose spirituality forms the core of the inner circle. 

Surrounding spirituality are the individual's cognitive, physical, and affective components. 
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The next layer represents occupation, referring to the activities carried out by the person 

within a given environment. These activities are categorized into three main areas: self-care, 

productivity, and leisure. The outermost layer represents the environment, which encompasses 

the physical, social, cultural, and institutional contexts in which the individual operates 

(Townsend, Polatajko & Canadian Association of Occupational Therapists, 2013). 

The dynamic interaction between the person, their occupations, and their environment 

concludes to occupational performance, the person’s ability to carry out meaningful activities. 

The CMOP-E is introducing the concept of occupational engagement, emphasizing not only 

the performance of activities but also the client’s active participation and personal investment 

in those occupations (Townsend, Polatajko & Canadian Association of Occupational 

Therapists, 2013). 

Within the CMOP-E, EFs are basic components of the person element—specifically within 

the cognitive subsystem. EFs such as planning, problem-solving, attention, and self-

monitoring enable individuals to organize and carry out meaningful occupations across the 

domains of self-care, productivity, and leisure, and facilitate their engagement in the domains 

of occupation (Townsend, Polatajko & Canadian Association of Occupational Therapists, 

2013). Even mild executive dysfunction has been associated with decreased participation in 

instrumental activities of daily life, leisure, and social activities, independent of motor or 

psychiatric symptoms, emphasizing its relevance to occupational performance (Foster & 

Hershey, 2011).  

As Diamond (2013) mentions in her review EFs are relevant to many aspects of life including 

mental health, physical health, quality of life, school readiness, school success, job success, 

marital harmony, and public safety. Thus addressing EFs issues in populations with 

difficulties in this area is crucial for individuals' everyday lives. EFs challenges can 

significantly limit a person’s ability to manage daily routines and engage in meaningful roles, 
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and as a result impacting their independence and quality of life (Diamond, 2013). In the level 

of the society these limitations often lead to increased support needs, reduced participation in 

occupations like work or education, and restricted social integration, all of which impact 

whole communities (Bierman et al., 2008). For occupational therapists, EFs are closely linked 

to occupational performance, since effective engagement in daily occupations requires the 

ability to organize, adapt, and carry out purposeful tasks (Baum et al., 2008). By evaluating 

the CO-OP approach—a tool designed to improve functional performance through cognitive 

problem-solving—this systematic review aims to inform clinical reasoning and support 

evidence-based interventions across diverse populations (Polatajko et al., 2001). 

Aim 

The aim of this review is to examine the available evidence regarding the effectiveness of the 

CO-OP approach on executive functions among diverse populations.  

The research question is: 

What is the effectiveness of the CO-OP approach in improving EFs, as described by ICF, 

across diverse populations? 

Method 

The Cochrane Handbook for Systematic Reviews of Interventions was used as a protocol to 

plan and conduct the review (Higgins et al., 2019). Following the data extraction, a narrative 

synthesis was chosen as the primary method for summarizing and presenting the findings. 

This approach was deemed most appropriate due to the clinical and methodological 

heterogeneity observed across the included studies, including variations in populations, 

specific executive function outcomes measured, and assessment tools used (Campbell et al., 

2020). 
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First the definition of the review question and development of criteria for including studies 

took place. In order to formulate the aim of the research PICO model was implemented 

(Schardt et al., 2007). PICO stands for Population (diverse populations), Intervention (CO-OP 

Approach), Comparison (not applicable), and Outcome (executive functioning).  Included 

studies must be quantitative and refer to CO-OP Approach and EFs.  

Then the searching and the selection of the studies took place in February 2025 in the chosen 

databases which included PubMed, CINAHL, AMED, MEDLINE, PsycINFO, Scopus and 

Proquest. The search terms included ‘co-op or cognitive orientation to daily occupational 

performance’ AND ‘executive function or executive dysfunction or executive functioning’ for 

the first four databases, and the terms ‘cognitive orientation to occupational performance’ 

AND ‘executive function’ for the last three databases. Inclusion criteria were research articles 

with quantitative methodologies, in English language. No date limitation was used, as in the 

preliminary search no old articles were found. All populations and ages were included. 

Exclusion criteria were articles in other languages, qualitative researches, systematic reviews, 

theses and dissertations, and researches that didn't have to do with executive functions, or 

didn't refer to the CO-OP approach. The process is presented in more detail in Appendix I. All 

relevant data were extracted systematically by the researcher using a standardized data 

extraction form. Particular attention was paid to identifying studies that originated from the 

same research project or shared cohorts of participants (e.g., the follow-up study of a 

Randomized Controlled Trial). This was done to ensure that participants were not double-

counted in the overall summary of the evidence, which would otherwise over represent their 

results and potentially bias the synthesis (Higgins et al., 2019). The data collection process is 

summarized in the following section. 

Assessment of methodological quality 



10 
 

Following data extraction, the methodological quality and risk of bias of the included studies 

were critically appraised. While the Cochrane Handbook recommends tools like RoB 2 for 

and ROBINS-I, the Critical Appraisal Skills Programme (CASP) checklists were selected for 

this review, as it is shorter and easier to fill. This tool is in accordance with the principles 

recommended by the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 

et al., 2019). The CASP checklist is widely used in systematic reviews and is considered a 

suitable and valid tool for critical appraisal (Long et al., 2020). Initially, two studies were 

appraised using the CASP Case-Control checklist. Upon review, it was determined that their 

designs (a case series and a multiple-case feasibility study, respectively) were more 

appropriately assessed as single-group cohort studies. They have therefore been re-appraised 

using the CASP Cohort Study checklist. 

Subsequently, the characteristics of the included studies were summarized, and the data were 

prepared for a narrative synthesis. This was followed by data analysis, interpretation of the 

results, and the formulation of conclusions. The study selection process is reported 

transparently in a PRISMA flowchart, in Appendix II (Page et al., 2021). The completed 

CASP questionnaires are presented shortly in Table 1 and 2.  

Ethical considerations 

As a master’s student and an OT, the author approached this research from a clinical and 

academic perspective. As an OT trained in CO-OP approach, the author values the importance 

of the intervention and wanted to do further and in depth review about it. Her background has 

exposed her to the challenges individuals face with EFs and how this affects their 

occupational performance, so her interest in this topic is driven from both clinical experience 

and academic inquiry into evidence-based practices. 
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Despite the personal experience she remained loyal to the data and only sought to find 

evidence that proved or not, the effectiveness of the approach on EFs among diverse 

populations. The aim was to maintain objectivity by following systematic review protocols 

outlined in the Cochrane Handbook. To ensure that to a larger degree, all steps were 

supervised by an experienced supervisor and researcher, and also peer reviewed by other 

master’s students. To ensure methodological rigor, this review was guided by Suri's (2020) 

principles for quality research synthesis. These principles were applied as follows: 1) 

informed subjectivity and reflexivity: the author's pre-understanding as a CO-OP-trained OT 

was actively managed through reflexivity; this involved maintaining a reflective journal and 

discussing interpretations with the supervisor and peer reviewers to ensure findings were data-

driven, 2) purposefully informed selective inclusivity: the study selection was strictly 

bounded by the pre-defined PICO framework and inclusion/exclusion criteria, ensuring only 

studies directly relevant to the research question were synthesized,  3) audience-appropriate 

transparency: full transparency was ensured for the OT community by providing a detailed 

methodology, a PRISMA flowchart, and clear presentation of data in tables, linking findings 

directly to clinical practice. Instead of trying to eliminate subjectivity, which is not a realistic 

goal, it was tried to recognize it, understand the influence it might have on the research, and 

reflected critically on it, by not letting it influence the judgment, especially in relation to the 

CO-OP approach which is an intervention the author is using in her practice (Suri, 2020).  

The evidence was critically evaluated to ensure a balanced and rigorous analysis of the 

effectiveness of the CO-OP approach in improving EFs across diverse populations. 

This review also considered the ethical dimension of the included studies.  

Results  
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In total, nine studies met the inclusion criteria and were chosen for this review. These studies 

were conducted across five countries: Canada (n=3), Sweden (n=3), Brazil (n=1), Israel (n=1), 

and Turkey (n=1). Some of the studies originated from the same research teams, reporting on 

different phases of larger projects. The sample sizes across the studies ranged from 3 to 38 

participants per study, including the control groups. It is important to note that two pairs of 

publications report on different phases of the same clinical trials. The studies by Dawson et al. 

(2009) and Dawson et al. (2013) are two separate pilot studies. The studies by Peny-

Dahlstrand et al. (2023) and Öhrvall et al. (2024) report on the immediate post-intervention 

outcomes and the 3-month follow-up outcomes, respectively, of a single multi-centre 

randomized controlled trial (RCT). 

To avoid double-counting participants, the total number of participants was calculated based 

on the primary publication of each unique cohort. Therefore, for the RCT by Peny-Dahlstrand 

et al. (2023), all 38 participants are counted based on their initial group allocation (21 to CO-

OP, 17 to treatment-as-usual control). The follow-up study (Öhrvall et al., 2024) provides data 

for 34 of these participants but does not contribute new participants to the total count. 

Following the initial RCT period, 13 participants from the control group received the CO-OP 

intervention, which is reported in the follow-up study. 

Applying this principle across all studies, the total was 141 unique participants. Of these, 92 

were initially allocated to a CO-OP-based intervention, and 49 were allocated to a control 

condition. Participants included adults with Traumatic Brain Injury (TBI) (n=16), Acquired 

Brain Injury (ABI) (n=16), and stroke (n=9), as well as children and young adults with CP or 

SB (n=48), DCD (n=22), and ADHD (n=30). Further details for each study are provided in 

the data extraction table (Table 3). 

The effectiveness of the CO-OP approach in improving executive functioning, as 

described by ICF, across diverse populations 
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The findings on EFs are structured and presented according to the ICF framework (WHO, 

2001) introduced earlier. This review specifically focuses on the outcomes related to ICF code 

b164 (higher-level cognitive functions), which encompasses specific skills such as 

organization and planning, problem-solving, and cognitive flexibility. The results for each of 

these domains, drawn from the included studies, are synthesized below. 

Organization and planning 

Improvements in organization and planning were measured in four of the included studies 

(Gurlek & Bumin, 2024; Peny-Dahlstrand et al., 2023; Öhrvall et al., 2024; Araujo et al., 

2021), with the most consistent results reported in studies involving children with physical 

and neurological conditions. 

Children with SB or CP improved significantly in organization. Their planning ability, as 

measured by a standardized neuropsychological test, was also improved (p = 0.049) (Öhrvall 

et al., 2024). Similarly, in the pilot study, 9/10 adolescents and young adults with SB and CP 

showed improved performance on a test of planning, a result that was statistically significant 

(Peny-Dahlstrand et al., 2020). These results were verified by the RCT of Peny-Dahlstrand et 

al. (2023). Children with ADHD also showed significant improvement in planning ability as 

reported by parents on a standardized questionnaire (p<0.05) (Gurlek & Bumin, 2024). 

However, children with DCD did not show significant improvement on a test measuring 

planning and problem-solving skills (Araujo et al., 2021). 

Problem-solving 

Problem-solving was directly assessed in three studies (Gurlek & Bumin, 2024; Öhrvall et al., 

2024; Araujo et al., 2021). Children, Adolescents and young adults with SB and CP improved 

significantly in scaled scores for problem-solving on a performance-based test (Öhrvall et al., 

2024). Children with ADHD had statistically significant improvements (p<0.05) in all 
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parameters of a parent-report measure which assessed problem-solving in daily routines 

(Gurlek & Bumin, 2024). Children with DCD did not show significant improvement on 

problem-solving measures (Araujo et al., 2021). 

Cognitive flexibility 

Evidence on cognitive flexibility was provided by three studies (Araujo et al., 2021; Poulin et 

al., 2017; Peny-Dahlstrand et al., 2023), reporting mixed results. For children with DCD, a 

cognitive flexibility index demonstrated statistically significant differences (p=.001) (Araujo 

et al., 2021). A statistically significant difference was found in post-stroke patients on a task-

switching test (p=0.04) (Poulin et al., 2017); however, in the same research, another measure 

of cognitive flexibility and inhibition did not show significant improvement. There was no 

statistically significant change reported in cognitive flexibility for children with CP and SB 

(Peny-Dahlstrand et al., 2023). 

Attention 

Measurements of attention were reported in studies involving post-stroke adults and children 

with CP/SB (Poulin et al., 2017; Peny-Dahlstrand et al., 2023; Öhrvall et al., 2024). A 

statistically significant difference was found in post-stroke patients on an attention task 

(p=0.04 at post-intervention and follow-up) (Poulin et al., 2017). However, this improvement 

on the performance-based attention task was not reflected in a statistically significant change 

on a self-report questionnaire measuring everyday executive symptoms. Children with SB or 

CP improved significantly in visual scanning and attention on a performance test in the RCT 

(p=0.007), with sustained improvements in attention and focus at follow-up (p = 0.003) 

(Öhrvall et al., 2024). 

Memory 
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Only one study measured memory functions (Gurlek & Bumin, 2024). Children with ADHD 

following the CO-OP approach had statistically significant differences (p<0.05) in memory as 

measured by a parent-report scale. 

Higher-level cognitive functions, other specified 

Significant improvements in inhibitory control were reported for children with DCD 

(p=0.001) (Araujo et al., 2021). For children with ADHD, significant improvements were 

found on a parental questionnaire assessing everyday executive functions, including 

impulsivity and self-regulation (p<0.05) (Gurlek & Bumin, 2024). Processing speed as 

measured in post-stroke patients did not show significant improvement (Poulin et al., 2017). 

Significant improvement on a questionnaire measuring everyday executive dysfunction was 

detected in two out of three participants in the case series of Dawson et al. (2009), with 

sustained effects for one participant at follow-up. However, these results were not supported 

by significant improvement in the pilot RCT (Dawson et al., 2013), and Beit Yosef et al. 

(2022) did not find statistically significant improvement on this measure for adults with ABI. 

Abstraction, Time management, Insight and Judgment, as EFs mentioned in the ICF under the 

code of higher-level cognitive functions, were not measured by the identified studies. 

Discussion 

The aim of this systematic review was to examine the available evidence regarding the 

effectiveness of the CO-OP approach on EFs across diverse populations, and always in 

accordance with occupational performance.  

Diverse populations 

The findings of this review reveal a pattern in how different populations respond to the CO-

OP approach, partially explained by the nature of their condition and developmental stage. A 
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key observation is that children and adolescents consistently showed stronger and more 

improvements in EFs compared to adults with brain damages. 

Adults with brain damages 

For adults with TBI, ABI and stroke, the results were more variable. Studies on TBI reported 

improvements in everyday executive dysfunction, particularly in areas of motivation, 

behavior, and cognition (Dawson et al., 2009; Dawson et al., 2013), though these were not 

always statistically significant, likely due to very small sample sizes (Concato et al., 2000). 

Similarly, individuals with ABI and stroke showed mixed outcomes, with improvements in 

attention and some aspects of cognitive flexibility but not in processing speed (Poulin et al., 

2017; Beit Yosef et al., 2022). This variability can be theorized through the lens of 

neuropathology. These populations often experience damage to the frontal networks and 

neural pathways that are critical for executive functioning (Keil & Kaszniak, 2002). The 

extent and structural nature of such injuries may present a greater rehabilitation challenge, 

potentially requiring longer or more intensive intervention than was provided in the included 

studies to see significant EF changes on standardized measures. This aligns with the CMOP-

E, as damage to the cognitive component of the person can create a significant barrier to 

occupational engagement, requiring targeted interventions to re-establish functional 

connections (Townsend et al., 2013). 

Populations with neurodevelopmental disorders 

In contrast, children and adolescents with neurodevelopmental disorders like SB, CP, and 

ADHD demonstrated more consistent gains across several EFs. Significant improvements 

were observed in core EFs such as problem-solving and planning (Peny-Dahlstrand et al., 

2023; Gurlek & Bumin, 2024). For children with DCD, the results were more specific, with 

significant improvements found in cognitive flexibility and inhibition but not in planning and 

problem-solving (Araujo et al., 2021). This aligns with the established evidence base for CO-
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OP, which is recognized as an effective intervention for a range of childhood-onset 

disabilities (Gimeno & Polatajko, 2025). The better responsiveness in these pediatric 

populations can be explained by the principle of neuroplasticity. The younger brain possesses 

a greater capacity for reorganization and adaptation in response to learning experiences 

(Weyandt et al., 2020). The CO-OP approach, with its structured use of the global "Goal-

Plan-Do-Check" strategy, effectively capitalizes on this plasticity by using a process of 

'guided discovery' to facilitate the child's own problem-solving (Gimeno & Polatajko, 2025), 

thereby providing a metacognitive framework that directly exercises and strengthens these 

developing brain structures (Polatajko et al., 2001). This process of using cognitive strategies 

to solve performance problems is a core mechanism of CO-OP that drives skill acquisition 

and generalization (Martini & Polatajko, 1998). Indeed, the development of these cognitive 

strategies is described as the primary mechanism by which CO-OP enables children to 

overcome performance challenges (Gimeno & Polatajko, 2025). The finding that problem-

solving, a core EF (Diamond, 2013), showed particular improvement in children is supported 

by other recent studies (Lebrault et al., 2024) and is further validated by qualitative reports 

from care partners, who note their children's enhanced problem-solving skills and active 

participation in daily activities (Dietrich et al., 2024). 

Improvement in occupational performance 

An interest finding that was consistent in all populations in this review is the consistent, 

statistically significant improvement in self-reported occupational performance, as measured 

by the COPM and PQRS (Law et al., 2019), following the CO-OP intervention. This occurred 

even in studies where changes on standardized EF tests were modest or non-significant (Beit 

Yosef et al., 2022; Poulin et al., 2017). This phenomenon is not a failure of the approach but 

rather shows its core mechanism. 
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CO-OP is fundamentally an occupation-based intervention, designed to enable skill 

acquisition and improve performance in client-chosen goals through metacognitive strategies 

(Polatajko et al., 2001). Its primary target is occupational competence, not the remediation of 

specific body functions. Therefore, the consistent success in achieving this primary outcome, 

as defined by the CMOP-E, emphasizes the intervention's fidelity and effectiveness 

(Townsend et al., 2013). The improvements in COPM scores reflect a successful transaction 

between the person, their chosen occupation, and the environment, leading to enhanced 

occupational engagement (Townsend et al., 2013). 

The relationship between EFs and occupational performance can be explained through two 

complementary mechanisms supported by the literature. First, CO-OP may directly enhance 

EFs through the repeated, guided use of the GPDC strategy, which inherently exercises 

planning, self-monitoring, and cognitive flexibility. This is consistent with the core premise of 

CO-OP, where the guided discovery of strategies is intended to enable a child to overcome 

performance problems, a process that fundamentally engages and trains executive processes 

(Polatajko et al., 2001). 

Second, CO-OP may equip individuals with effective strategies to compensate for executive 

dysfunction within the context of meaningful activities. This means that even if underlying 

skills show limited change on standardized tests, the individual's functional ability to perform 

an occupation can be improved by learning to apply cognitive strategies. This benefit is a 

recognized outcome of metacognitive intervention approaches, which aim to improve daily 

functioning by providing a framework to overcome cognitive impairments (Cicerone et al., 

2019; Kennedy et al., 2008). 

This dual mechanism aligns perfectly with the CMOP-E, where the ultimate aim is successful 

occupational engagement, achieved by utilizing the person's capacities within their 
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environment (Townsend et al., 2013). CO-OP uses this by focusing on the transaction 

between the person, their chosen occupation, and the environment. 

Enhancement of Executive Functions Through the Use of Strategies (GPDC) 

The enhancement of EFs through CO-OP is best understood not as a direct result, but as a 

consequence of its core active ingredient: the metacognitive problem-solving process in the 

Global Strategy GPDC. As suggested by Peny-Dahlstrand et al. (2020) and Araujo et al. 

(2021), the very act of repeatedly applying GPDC to occupational challenges constitutes a 

direct training ground for EFs. 

This process is best understood as a form of metacognitive support, which is foundational to 

the CO-OP approach. The structured routine of GPDC provides an external framework that 

guides the internal cognitive processes of goal-setting (GOAL), organization and planning 

(PLAN), self-monitoring and task persistence (DO), and self-evaluation and cognitive 

flexibility (CHECK). This aligns with the core of CO-OP, where the therapist uses 'guided 

discovery' to facilitate the client's own problem-solving within this structured process 

(Gimeno & Polatajko, 2025). This dynamic mirrors Vygotsky's concept of scaffolding, where 

external support is provided to help a learner master a task, which is gradually withdrawn as 

internal mastery occurs (Vygotsky, 1978). Over time, this external support is internalized, 

leading to improved independent problem-solving and EF use (Polatajko & Mandich, 2004). 

This interpretation moves beyond simply noting a "connection" to explaining how the 

cognitive elements of CO-OP can cause change in EFs, thereby strengthening the evidence for 

its use with clients experiencing executive dysfunction.  

Adjusted CO-OP Approach 

The evidence from this review strongly suggests that the CO-OP approach is not a strict 

protocol but a flexible framework that can be successfully adapted to different populations 
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without compromising its core elements. For adults with ABI, adaptations such as increasing 

the number of sessions, using adult-oriented materials, and conducting interventions in natural 

environments were crucial for feasibility and effectiveness (Dawson et al., 2009, 2013). 

Similarly, the use of tele-intervention demonstrated the approach's adaptability to different 

service delivery models (Beit Yosef et al., 2022). 

These findings are supported by the scoping review of Scammell et al. (2016), which 

catalogues common adaptations. The variations observed, such as the inclusion of parental 

coaching which influenced satisfaction and transfer (Araujo et al., 2021), highlight that the 

active aspects of CO-OP can be delivered through different formats. This adaptability is a 

significant strength, indicating that CO-OP can be tailored to meet the unique needs of diverse 

clinical populations across the lifespan, thereby expanding its utility in OT practice. 

The successful adaptations of CO-OP observed in this review, such as tele-intervention and 

session adjustments for adults, reflect the approach's inherent flexibility. This aligns with the 

principle that CO-OP is a framework rather than a rigid protocol. As emphasized by Gimeno 

and Polatajko (2025), fidelity to CO-OP is maintained by adhering to its essential features 

(e.g., client-chosen goals, dynamic performance analysis, the GPDC global strategy) while 

allowing for adaptability in its delivery format to meet individual needs. 

Conclusions 

This systematic review synthesized evidence from nine studies to evaluate the effectiveness of 

the CO-OP approach on EFs across diverse populations. The findings indicate that CO-OP 

can positively influence key EFs, particularly planning and problem-solving, with the most 

consistent improvements observed in children and adolescents with neurodevelopmental 

disorders. This is likely due to the approach's synergy with developmental neuroplasticity, as 
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the metacognitive "Goal-Plan-Do-Check" strategy provides a structured framework that 

directly exercises these cognitive capacities. 

A consistent finding is the significant improvement in client-reported occupational 

performance, even in instances where changes on standardized EF tests were modest. This 

highlights that CO-OP's primary mechanism may have two sides: it can directly enhance EFs, 

but it can also powerfully equip individuals with strategies to successfully overcome 

executive dysfunction. This supports the value of CO-OP as a top-down, occupation-based 

intervention that aligns with the CMOP-E by successfully enabling occupational engagement. 

While the evidence is promising, conclusions must be moderated by the limited number of 

studies, small sample sizes, and methodological heterogeneity present in the existing 

literature. The variability in outcomes for adults with ABI highlights a need for further 

investigation, potentially involving adapted CO-OP protocols. Future research should 

prioritize high-quality randomized controlled trials with larger samples and follow-ups to 

strengthen the evidence and further clarify the relationship between metacognitive strategy 

use, executive function, and functional occupational outcomes. 

Significance 

This review holds significant implications for occupational therapy practice by synthesizing 

evidence that links the CO-OP approach to improvements in EFs—the core cognitive 

processes essential for managing daily life. By demonstrating that a metacognitive, 

occupation-based intervention can effectively enhance EFs across diverse populations, this 

study equips OTs with an evidence-based rationale for selecting CO-OP to support clients' 

cognitive-functional needs and achieve meaningful occupational performance goals. 

The findings are relevant across diverse populations, including children with developmental 

disorders, adults recovering from brain injury, and individuals with chronic neurological 
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conditions.  It also adds to the existing body of evidence, since it integrate results on CO-OP 

and EFs across multiple populations rather than focusing on a single diagnostic group, as it is 

more common. The results reinforce the significance of CO-OP not only as an occupation-

based approach but also as an intervention that enhances cognitive capacities essential for 

daily life participation. 

Interventions that focus on EFs and occupational performance can reduce support needs, 

increase participation in occupations like work or education, and enable social integration 

with a result in the society in total. 

Future research should focus on larger, high-quality RCTs across diverse contexts. More 

research data are needed in order to perform reviews that will summarize and synthesize them 

and provide implications for future practices.  Additionally different and diverse populations 

should be included in future research to investigate the adaptability of CO-OP approach and 

the potential to be used across the lifespan of individuals. 

Methodological considerations 

This systematic review has strengths and limitations, as is common for reviews of this kind. 

First, the review was conducted by one researcher only, specifically a master’s program 

student. However, all steps were supervised by an experienced researcher and assistant 

professor with expertise both in research methodology and clinical occupational therapy with 

children and adults. In addition, the process was peer-reviewed by other students, which 

further enhanced the credibility of the work. 

An aspect that needs to be taken into consideration is the fact that the database search took 

place in February 2025; therefore, more recent studies may have been published since then. 

Different studies have attempted to define EFs and analyze them across various sets of 

cognitive skills (Keil & Kaszniak, 2002). For this specific review, ICF was used as a guiding 
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framework, and the EF skills discussed were based on the classifications identified in the ICF. 

This choice may have limited the categorization of EFs, as, for example, working memory is 

not explicitly included within the ICF structure, even though it is emphasized in other 

frameworks (Diamond, 2013). 

The pre-understanding and potential biases of the researcher were addressed early in the 

process and minimized through triangulation with the supervisor and peer reviewers. 

According to Kolaski et al. (2021), transparency and reflexivity throughout the research 

process enhance methodological trustworthiness, particularly when the researcher plays an 

active role in interpreting the data. This reflective stance was maintained to ensure rigor and 

accountability. 

The diverse designs of the included studies, most being RCTs, contribute to the internal 

validity of the findings (Kolaski et al., 2021). This review included nine studies, of which 

seven were RCTs or pilot RCTs. Exploratory and case-based designs provided rich, context-

specific insights, supporting ecological validity by reflecting real-world clinical applications 

(Yin, 2018). One of the studies was a follow-up to a previous RCT conducted by the same 

group of researchers (Öhrvall et al., 2024), which may have introduced a potential overlap in 

participants. 

On the other hand, many studies had small sample sizes, limiting statistical power and 

sometimes lacking control groups. However, the inclusion of diverse populations enhanced 

transferability and reflected the wide applicability of the CO-OP approach. While variations 

in outcomes across populations may appear inconsistent, they are expected given the diversity 

of participant characteristics and intervention contexts. 

For the critical appraisal of the included studies, the CASP checklist was used. However, 

question 11 of the RCT appraisal tool—regarding whether “the experimental intervention 

provides greater value than existing interventions”—was not applicable to the researcher, as it 
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requires personal clinical experience across all comparable interventions. Nevertheless, the 

use of CASP supported the internal validity of this review, as it ensured that the potential risks 

of bias were systematically evaluated in the included studies (Arienti et al., 2024). 

While the primary focus was on methodological quality, it is recognized that the ethical 

soundness of the underlying research forms the foundation for any credible evidence. A 

suggestion for future systematic reviews in this field is to strengthen their analysis by 

including ethical approval as a formal criterion for quality assessment. Future systematic 

reviews should also include larger, high-quality studies and updated searches to ensure 

comprehensive coverage of recent evidence. Reviews focusing on specific populations could 

also be valuable in deepening the understanding of the effectiveness of the CO-OP approach 

on EFs. Continued research is essential to strengthen the evidence base and refine intervention 

strategies for clinical practice. 
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Appendix I. Search Table 

Database Search String Results 
Found Duplicates Excluded (Reason) Included 

CINAHL 

(co-op OR "Cognitive Orientation to daily 
Occupational Performance") AND ("executive 
function" OR "executive dysfunction" OR "executive 
functioning") 

16 0 

2 qualitative, 1 protocol, 1 duplicate 
reference,4 not related to CO-OP and 
EFs, 1 did not measure EFs, 1 short 
reference to another study 

6 

AMED 
(co-op OR "Cognitive Orientation to daily 
Occupational Performance") AND ("executive 
function" OR "executive dysfunction") 

5 5  0 

MEDLINE 
(co-op OR "Cognitive Orientation to daily 
Occupational Performance") AND ("executive 
function" OR "executive dysfunction") 

9 5 1 not about CO-OP, 1 not about EFs, 1 
protocol (not full study) 1 

PubMed 

(co-op OR "Cognitive Orientation to daily 
Occupational Performance") AND ("executive 
function" OR "executive dysfunction" OR "executive 
functioning") 

14 11 1 not about EFs 2 

Scopus noft("Cognitive Orientation to daily Occupational 
Performance") AND noft("executive function") 20 18 2  not relevant 0 

ProQuest noft("Cognitive Orientation to daily Occupational 
Performance") AND noft("executive function") 6 0 4 not relevant, 1 only abstracts,1 thesis 0 

PsycINFO noft("Cognitive Orientation to daily Occupational 
Performance") AND noft("executive function") 22 12 6 not relevant, 2 protocols, 1 not EFs-

related,1 qualitative 0 

  



 
 

Appendix II. PRISMA 
 

 

 
Figure: PRISMA flowchart (Page et al., 2021)



 
 

     Table 1. CASP Checklist For Randomized Controlled Trials 

Author, Date Q1 Q2 Q3 Q4 
a 

Q4 
b 

Q4 
c 

Q5 Q6 Q7 Q8 Q9 Q10 Q11 

Araujo et al. (2021) ✔ ✔ ✔ ✘ ✘ ✔ ✔ ✔ ✔ ✘ ✔ ✔ ? 
Beit Yosef et al. (2022) ✔ ✘ ✘ ✘ ✘ ✘ ✔ ✔ ✔ ✘ ✔ ✔ ? 
Dawson et al. (2013) ✔ ✘ ✔ ✘ ✔ ✔ ✔ ✔ ✔ ✘ ✔ ✔ ? 
Gurlek & Bumin (2024) ✔ ✔ ✔ ✘ ✘ ? ✔ ✘ ✔ ✔ ✔ ✔ ? 
Peny-Dahlstrand et al. (2023) ✔ ✔ ✘ ✘ ✘ ✔ ✔ ✔ ✔ ✘ ✔ ✔ ? 
Poulin et al. (2017) ✔ ✔ ✘ ? ? ✔ ✔ ? ✔ ✘ ✔ ✔ ? 
Öhrvall et al. (2023) ✔ ✔ ✘ ✘ ✘ ✔ ✔ ✔ ✔ ✘ ✔ ✔ ? 
Critical Appraisal Skills Program (CASP) (2023). CASP Randomised Controlled Trial Checklist. 
✔= Yes ✘= No ?= Can’t tell NA= Not applicable 
Questions 

1. Did the study address a clearly formulated research question?  
2. Was the assignment of participants to interventions randomised? 
3. Were all participants who entered the study accounted for at its conclusion? 
4. (a) Were the participants ‘blind’ to intervention they were given? 
5. Were the study groups similar at the start of the randomised controlled trial? 
6. Apart from the experimental intervention, did each study group receive the same level of care (that is, were they treated equally)? 
7. Were the effects of intervention reported comprehensively? 
8. Was the precision of the estimate of the intervention or treatment effect reported? 
9. Do the benefits of the experimental intervention outweigh the harms and costs? 
10. Can the results be applied to your local population/in your context? 
11. Would the experimental intervention provide greater value to the people in your care than any of the existing interventions? 
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Table 2. CASP Checklist: For Cohort Studies 

Author, Date Q1 Q2 Q3 Q4  Q5
a 

Q5 
b 

Q6 
a 

Q6 
b 

Q7 Q8 Q9 Q10 Q11 

Dawson et al. (2009) ✔ ✔ ✔ ✔ ✘ ✘ ✔ ✔ ✔ ✘ ✔ ✔ ✔ 
Peny-Dahlstrand et al. (2020) ✔ ✔ ✔ ✔ ✘ ✘ ✘ ✔ ✔ ✘ ✔ ✔ ✔ 
Critical Appraisal Skills Programme (CASP) (2023). CASP Cohort Study Checklist. 
✔= Yes ✘= No ?= Can’t tell NA= Not applicable 
Questions 

1. Did the study address a clearly focused issue? 
2. Was the cohort recruited in an acceptable way? 
3. Was the exposure accurately measured to minimize bias? 
4. Was the outcome accurately measured to minimize bias? 
5. (a) Have the authors identified all important confounding factors? 

(b) Have they taken account of the confounding factors in the design and/or analysis? 
6. (a) Was the follow up of subjects complete enough? 

(b) Was the follow up of subjects long enough? 
7. What are the results of this study? 
8. How precise are the results? 
9. Do you believe the results? 
10. Can the results be applied to the local population? 
11. Do the results of this study fit with other available evidence? 



 
 

Table 3. Data extraction table  

Author 

(Year) 

Country Population 

(n); Age 

Study 

Design 

Intervention & 

Comparator 

Key 

Outcome 

Measures 

Main Findings (Executive 

Functions) 

Main Findings (Occupational 

Performance) 

Araujo et 

al. (2021) 

Brazil 22 children 

with DCD; 

7-12y 

RCT CO-OP vs. CO-

OP + Parental 

Coaching 

COPM, 

PQRS, 

FDT, TOL 

- FDT (Cognitive 

Flexibility/Inhibition): Sig. 

improvement in CO-OP group 

(p=0.001). 

- TOL (Planning): No sig. change. 

- COPM/PQRS (Trained & Transfer 

Goals): Sig. and clinically relevant 

improvement (≥2 pts) in both groups 

(p<0.001). Gains maintained at 

follow-up. 

Beit Yosef 

et al. 

(2022) 

Israel 16 adults 

with ABI; 

Median 

~66y 

Pilot RCT 

(Crossover) 

Tele-CO-

OP vs. Waitlist 

Control 

COPM, 

PQRS, 

MPAI-4, 

DEX 

- DEX (Everyday EF): No sig. 

within-group change post-

intervention. 

- COPM/PQRS (Trained Goals): Sig. 

improvement (COPM-P p=0.012; 

COPM-S p=0.028). 

- Transfer & Participation: Sig. 

improvement on untrained COPM 

goals and MPAI-4 participation index 

(p=0.008). 

Dawson et 

al. (2009) 

Canada 3 adults with 

TBI; 32, 40, 

43y 

Case Series Adapted CO-

OP (20 sessions) 

COPM, 

DEX 

- DEX (Everyday EF): 2/3 

participants showed improved 

scores at post-test and follow-up. 

- COPM (Trained Goals): 7/9 goals 

showed clinically sig. improvement 

(≥2 pts). 

- Transfer: 4/7 untrained goals showed 

clinically sig. improvement. 

Dawson et Canada 13 adults Pilot RCT Adapted CO- COPM, - DEX (Everyday EF): Change not - COPM (Untrained Goals): Sig. 
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al. (2013) with TBI; 

Mean ~42y 

OP (20 sessions) 

vs. No 

Treatment 

DEX, 

M2PI 

statistically significant (p>0.10), 

small effect size (d=0.35). 

between-group difference in 

performance (p=0.04) and satisfaction 

(p=0.03), indicating far transfer. 

- Participation (M2PI): Sig. between-

group improvement (p=0.01). 

Gurlek & 

Bumin 

(2024) 

Turkey 30 children 

with ADHD; 

7-12y 

RCT CO-OP (12 

sessions) vs. No 

Intervention 

COPM, 

GAS, 

EFORTS 

- EFORTS (Daily Routines 

EF): Sig. improvement in all 

parameters for CO-OP group 

(p<0.05). No change in control. 

Sig. between-group difference in 

social routines (p<0.05). 

- COPM 

(Performance/Satisfaction): Sig. and 

clinically relevant improvement in 

CO-OP group (p<0.05). 

- GAS (Goal Achievement): Sig. 

improvement (p<0.05). 

Peny-

Dahlstrand 

et al. 

(2020) 

Sweden 10 young 

adults with 

CP/SB; 16-

28y 

Multiple-

Case 

CO-OP (10 

sessions) 

COPM, 

DEX, 

Tower Test 

- Tower Test (Planning): Sig. 

improvement (p<0.05). 

- DEX (Everyday EF): 8/10 

reported improvement; group 

change not statistically significant. 

- COPM 

(Performance/Satisfaction): Sig. and 

clinically relevant improvement for 

29/30 goals (p<0.0001), maintained at 

6-month follow-up. 

Peny-

Dahlstrand 

et al. 

(2023) 

Sweden 38 children 

with CP/SB; 

8-16y 

RCT CO-OP (11 

sessions) 

vs. Treatment as 

Usual 

COPM, 

PQRS, D-

KEFS 

(TMT, 

Tower) 

- D-KEFS Tower Test 

(Planning): Sig. within-group 

improvement for CO-OP group 

(p<0.05). No sig. between-group 

difference. 

- D-KEFS TMT 

(Attention/Flexibility): No sig. 

between-group differences. 

- COPM/PQRS (Trained Goals): Sig. 

greater proportion of goals with 

clinically relevant improvement (≥2 

pts) in CO-OP group (p<0.001). 

- Transfer (COPM): Sig. greater 

improvement on untrained goals for 

CO-OP group (p=0.008). 
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Poulin et 

al. (2017) 

Canada 9 adults 

post-stroke; 

37-72y 

Pilot RCT CO-OP (16 

sessions) 

vs. Computer 

Training 

COPM, 

TMT, DEX 

- TMT-B (Cognitive 

Flexibility): Sig. improvement for 

CO-OP group only (p=0.04). 

- DEX (Everyday EF): No sig. 

change. 

- COPM (Performance): Clinically 

important improvement (≥2 pts) in 

both groups. 

- Self-Efficacy: Sig. improvement for 

CO-OP group only (p=0.04). 

Öhrvall et 

al. (2024) 

Sweden 34 children 

with CP/SB; 

8-16y 

Follow-up 

RCT 

CO-OP (avg. 11 

sessions) 

COPM, D-

KEFS 

(TMT, 

Tower) 

- D-KEFS: Sig. sustained 

improvement in attention (TMT-2, 

p=0.003) and planning (Tower 

Test, p=0.049) at 3-month follow-

up. 

- COPM/PQRS (Trained & Untrained 

Goals): Sig. and clinically relevant 

improvement (p<0.001), maintained at 

3-month follow-up.  
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