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Abstract

This study aimed to investigate the effectiveness of neurofeedback in reducing PTSD symptoms and improving sustained
attention in individuals with this disorder. This study was conducted as a randomized controlled trial (RCT). Thirty
participants aged 18 to 25 years with PTSD symptoms were randomly assigned to an experimental group (15 participants)
and a control group (15 participants). The experimental group received 15 neurofeedback sessions, while the control group
received no intervention. PTSD symptoms were assessed using the PCL-5 scale, and sustained attention was measured with
the Continuous Performance Test (CPT) at three time points: pre-test, post-test, and five-month follow-up. Data were
analyzed using repeated-measures ANOVA and Bonferroni post-hoc test in SPSS version 27. ANOVA results showed a
significant effect of group (F(1, 54) =23.34, p=0.001,n?=0.32) and time (F(2, 54) =48.02, p=0.001,1?>=0.47) on PTSD
symptoms. Similarly, there was a significant effect of group (F(1, 54) = 19.45, p = 0.002, n> = 0.29) and time (F(2, 54) =
52.76, p = 0.001, n2 = 0.49) on sustained attention. The Bonferroni test indicated that reductions in PTSD symptoms and
improvements in sustained attention from pre-test to post-test and follow-up were significant (p < 0.001) in the experimental
group. The results suggest that neurofeedback can be an effective intervention for reducing PTSD symptoms and improving
sustained attention. Given the stability of the treatment effects in the five-month follow-up, neurofeedback could serve as a
potential therapeutic approach for individuals with PTSD.
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Extended Abstract
Introduction

Post-Traumatic Stress Disorder (PTSD) is a mental health condition resulting from exposure to traumatic events,
characterized by symptoms such as recurrent distressing memories, avoidance behaviors, negative alterations in
cognition and mood, and heightened arousal (Tajeryan et al., 2022, 2023). This disorder significantly impairs
cognitive functions, particularly executive functioning and sustained attention, which consequently affects
individuals' quality of life (Adnan Kamel et al., 2024; Akhtar, 2024; Bardeen et al., 2022). Research suggests
that individuals with PTSD exhibit deficits in cognitive and emotional regulation, affecting their ability to process
information effectively (Shafiei et al., 2017). Sustained attention, a critical aspect of cognitive processing, is
notably disrupted in PTSD patients, leading to difficulties in maintaining focus on daily tasks (Novakovic-Agopian
et al., 2020).

Given the complexity of PTSD and its cognitive consequences, various therapeutic approaches have been explored
to alleviate its symptoms. Conventional pharmacological and psychotherapeutic interventions, though effective, are
often associated with limitations such as adverse drug effects and the lengthy duration required for psychotherapy
to yield results (Gibson et al., 2021). In response, neurofeedback has emerged as a promising non-invasive
treatment method. Neurofeedback, a form of biofeedback, enables individuals to regulate their brainwave activity
by receiving real-time feedback on their neural functions, facilitating cognitive and emotional regulation
improvements (Hunkin et al., 2021).

Empirical evidence suggests that neurofeedback positively impacts executive functions and cognitive regulation in
individuals with PTSD. Studies have indicated that neurofeedback enhances cognitive flexibility and reduces
emotional dysregulation (Smits et al., 2021). Furthermore, research on the effects of neurofeedback in different
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populations has demonstrated improvements in executive functioning and reductions in impulsivity, as observed in
individuals with Attention Deficit Hyperactivity Disorder (ADHD) (Aghaziarati et al., 2023; Kianizadeh et al.,
2022). Additionally, neurofeedback has been found to enhance cognitive flexibility, attentional control, and
emotional regulation in individuals with cognitive impairments (Shari et al., 2021). Despite these promising
findings, there remains a scarcity of studies investigating the specific effects of neurofeedback on PTSD (Cortese
et al., 2016), and comparative studies between neurofeedback and other therapeutic modalities are limited (Afi et
al., 2019).

Given that executive functions and sustained attention are critical cognitive domains adversely affected by PTSD,
effective therapeutic strategies to enhance these functions are imperative. Deficiencies in executive functions—
encompassing decision-making, working memory, impulse control, and planning—are frequently observed in
PTSD patients (Asadi Rajani, 2023). Neuroimaging studies have linked these deficits to dysfunctions in the
prefrontal cortex, a brain region implicated in emotional and cognitive regulation (Bulut et al., 2024; Nejati et al.,
2021). Neurofeedback is believed to modulate these neural circuits, thereby enhancing executive functioning and
cognitive regulation (Castro & Hill, 2002). The present study aims to evaluate the effectiveness of neurofeedback
in reducing PTSD symptoms and improving sustained attention among individuals with PTSD.

Methods and Materials

This study employed a randomized controlled trial (RCT) design to examine the efficacy of neurofeedback in
mitigating PTSD symptoms and enhancing sustained attention. The study sample consisted of 30 individuals aged
18-25 years, diagnosed with PTSD, and residing in Tehran. Participants were recruited through counseling centers
and psychological clinics and were randomly assigned to an experimental group (n = 15) and a control group (n =
15). The experimental group underwent 15 sessions of neurofeedback, while the control group received no
intervention. PTSD symptoms were assessed using the PTSD Checklist for DSM-5 (PCL-5), a 20-item self-report
questionnaire designed to measure PTSD severity. Sustained attention was evaluated using the Continuous
Performance Test (CPT), a widely used assessment of attentional functioning.

Neurofeedback intervention consisted of 15 sessions, conducted three times per week, with each session lasting 30—
45 minutes. Electrodes were placed on participants' scalps to measure electrical brain activity, and the intervention
aimed to modulate neural oscillations by reinforcing optimal brainwave patterns. Participants received real-time
feedback through visual and auditory stimuli, training them to enhance regulatory control over brainwave activity.
Data analysis was performed using repeated-measures analysis of variance (ANOVA) to evaluate the effects of
neurofeedback across three time points: pre-test, post-test, and five-month follow-up. Bonferroni post-hoc tests
were conducted for pairwise comparisons, and all statistical analyses were performed using SPSS version 27.

Findings

The study sample consisted of 30 participants, with a mean age of 21.73 years (SD = 2.14). The gender distribution
included 16 females (53.33%) and 14 males (46.67%). Educational levels varied, with 8 participants (26.67%)
holding a high school diploma, 12 (40%) possessing a bachelor's degree, and 10 (33.33%) having a master's degree
or higher. Among participants, 22 (73.33%) were single, and 8 (26.67%) were married. Additionally, 17 participants
(56.67%) had direct exposure to traumatic events, while 13 (43.33%) did not.

Descriptive analyses indicated that PTSD scores in the experimental group decreased from a mean of 63.25 (SD =
4.62) at pre-test to 41.15 (SD = 3.98) at post-test and 39.90 (SD = 3.87) at follow-up. Conversely, the control group's
PTSD scores exhibited minimal change, declining from 62.80 (SD = 5.14) at pre-test to 60.20 (SD = 5.45) at post-
test and 58.75 (SD = 5.32) at follow-up. For sustained attention, the experimental group's scores increased from
47.50 (SD = 5.10) at pre-test to 61.35 (SD = 4.65) at post-test and 63.20 (SD = 4.42) at follow-up, whereas the
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control group exhibited negligible improvements (46.90 [SD = 5.27] at pre-test, 48.25 [SD = 5.52] at post-test,
49.10 [SD = 5.63] at follow-up).

Repeated-measures ANOVA revealed a significant main effect of group (F(1, 54) = 23.34, p = 0.001, n?> = 0.32)
and time (F(2, 54) = 48.02, p = 0.001, n?> = 0.47) on PTSD scores, as well as a significant interaction effect (F(2,
54)=6.22,p=0.015,n?=0.21), indicating that PTSD symptoms significantly decreased in the experimental group
compared to the control group. Similarly, sustained attention showed a significant main effect of group (F(1, 54) =
19.45, p = 0.002, n* = 0.29) and time (F(2, 54) = 52.76, p = 0.001, n* = 0.49), along with a significant interaction
effect (F(2, 54) = 5.93, p = 0.018, n? = 0.19), confirming that neurofeedback significantly improved sustained
attention.

Discussion and Conclusion

The results indicate that neurofeedback significantly reduced PTSD symptoms and enhanced sustained attention in
the experimental group. PTSD scores decreased substantially following the intervention and remained stable during
the five-month follow-up period, suggesting long-term efficacy. Sustained attention similarly improved post-
intervention and was maintained at follow-up, demonstrating the effectiveness of neurofeedback in modulating
cognitive control.

Previous research has corroborated the beneficial effects of neurofeedback on executive functions and cognitive
regulation. The observed improvements align with findings suggesting that neurofeedback enhances cognitive
flexibility, impulse control, and attentional processing. The mechanism underlying these improvements likely
involves the modulation of prefrontal cortex activity, which is impaired in PTSD. By reinforcing optimal neural
patterns, neurofeedback appears to restore cognitive functioning and reduce PTSD-related distress.

Despite the promising results, several limitations must be acknowledged. The small sample size and restricted age
range may limit the generalizability of the findings. Future studies should investigate neurofeedback across diverse
populations and explore its integration with other therapeutic modalities. Additionally, neuroimaging techniques
could provide further insights into the neural mechanisms underlying neurofeedback’s effects.

In conclusion, this study supports the use of neurofeedback as an effective intervention for PTSD, demonstrating
sustained improvements in both symptom reduction and attentional control. The findings highlight neurofeedback’s
potential as a non-invasive, adjunctive treatment for PTSD, warranting further research to optimize its clinical
application.
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