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Abstract

Background: Eye movement desensitization and reprocessing (EMDR) is recommended by major health organizations for trauma treat-
ment, but its efficacy for borderline personality disorder (BPD) remains unestablished. This study aims to evaluate EMDR’s effectiveness
in treating BPD through a randomized controlled trial (RCT) and compare its outcomes with cognitive behavioral therapy (CBT).Meth-
ods: A total of 76 individuals participated in the RCT, with 18 patients (78% female) completing the study. Participants were randomly
assigned to receive either EMDR (n = 8) or CBT (n = 10) via teletherapy sessions. Trauma symptoms were assessed using the interna-
tional trauma questionnaire (ITQ), BPD symptoms were assessed using the Personality Assessment Inventory-Borderline Features Scale
(PAI-BOR), and post-traumatic growth (PTG) was assessed using the post-traumatic growth inventory (PTGI). Additionally, attentional
evaluations were conducted at behavioral and electroencephalographic levels through an oddball paradigm. A final comparison was
made between a participant who did not complete the therapeutic process and a participant who did. Results: Both EMDR and CBT
treatments significantly improved trauma and BPD symptoms, as well as post-traumatic growth. The effect size was moderate for ITQ
(η2 = 0.615) and PTGI (η2 = 0.610), and low for PAI-BOR (η2 = 0.147). Symptomatic participants showed a decrease in ITQ (p =
0.006) and PAI-BOR (p = 0.047) scores, and an increase in PTGI scores (p = 0.028). Conclusions: Both EMDR and CBT significantly
improved trauma and BPD symptoms, as well as post-traumatic growth. Additionally, EMDR showed benefits in response accuracy and
speed, with a correct response rate of 97% when comparing two participants (with and without therapy). However, completely clean
electroencephalography (EEG) data were not obtained from both participants for a deeper comparison. Clinical Trial Registration: The
study was registered at https://doi.org/10.1186/ISRCTN91146045, registration number: ISRCTN91146045, registration date: 21 May
2021.

Keywords: eye movement desensitization and reprocessing; borderline personality disorder; randomized controlled trial; post-traumatic
stress disorder; complex post-traumatic stress disorder; post-traumatic growth

Main Points
1. Effectiveness of Eye Movement Desensitization

and Reprocessing for borderline personality disorder: This
study shows that eye movement desensitization and repro-
cessing (EMDR) is effective in treating borderline personal-
ity disorder (BPD), with outcomes comparable to cognitive
behavioral therapy (CBT).

2. Reduction of Trauma-Related Symptoms: Both
EMDR and CBT significantly reduce symptoms of post-
traumatic stress disorder (PTSD) and complex PTSD
(CPTSD), demonstrating their effectiveness in managing
trauma.

3. Promotion of Post-Traumatic Growth: Participants
receiving EMDR showed significant improvements in post-
traumatic growth, indicating that EMDR not only alleviates
negative symptoms but also fosters positive psychological
development.

4. Behavioral evidence: Evaluations using an odd-
ball paradigm revealed that EMDR improves response ac-
curacy and speed. Although the electroencephalography
(EEG) data were not completely clean, these behavioral re-
sults support the effectiveness of EMDR from a behavioral
perspective.
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5. Feasibility of Teletherapy: The study supports the
use of EMDR via teletherapy, ensuring high treatment ad-
herence and patient satisfaction, making the therapy acces-
sible to a wider population.

1. Introduction
Eye Movement Desensitization and Reprocessing

(EMDR) is a treatment for trauma that is as effective as
cognitive-behavioral therapy (CBT) [1–5] and has been rec-
ommended by the American Psychological Association [6]
as well as the World Health Organization [7]. However,
a recent meta-analytic finding from randomized controlled
trials (RCTs) suggests that its effect might be low [8], in
contrast to the higher effect reported by other meta-analyses
[9–11]. This is also at odds with the evidence supporting
EMDR as an effective treatment for other mental health
conditions comorbid with trauma, such as psychosis, bipo-
lar disorder, depression, anxiety, addictions, chronic pain,
and externalizing behaviors [12,13]. This controversy re-
inforces the need for continued research into the processes
that explain the effectiveness of EMDR for trauma treat-
ment [13].

EMDR therapy has traditionally been applied to peo-
ple with Post Traumatic Stress Disorder (PTSD). However,
the relevance of studying the efficacy of EMDR therapy for
Borderline Personality Disorder (BPD) [14] has also been
highlighted, as the symptomatology of BPD includes child-
hood trauma as the main risk factor [15,16]. In this con-
text, the work of Marylene Cloitre and colleagues [17] is
noteworthy, focusing on the three conditions most related to
trauma: PTSD, Complex PTSD (CPTSD), and BPD. Using
latent class analysis, they have found that PTSD, CPTSD,
and BPD share trauma exposure and emotional dysregula-
tion but differ in self-concept stability, relational issues, and
impulsivity [13,17]. In this context, it has been proposed
that EMDR therapy is effective for both PTSD and BPD
symptomatology because working on the reprocessing of
memories associated with the symptomatology is benefi-
cial for both psychopathologies [18]. With respect to PTSD
and BPD, the scarcity of RCTs [19] and case studies [18,20]
does not allow for a conclusive response.

This study provides evidence of the previous con-
troversies from a comprehensive perspective, regarding
the effectiveness of EMDR in patients with trauma symp-
toms, particularly BPD. This perspective requires evalu-
ating both disruptive responses (e.g., PTSD-CPTSD) and
healthy ones. In fact, theories such as trauma-resilience
[7] and psychosocial impact [21] suggest that most indi-
viduals exposed to trauma will respond healthily, for in-
stance, with post-traumatic growth (PTG). In this regard,
there is controversy about whether psychotherapy is effec-
tive in enhancing PTG [4] and this study provides results on
this matter. Additionally, applying methods such as elec-
troencephalography (EEG) to evaluate the effectiveness of
EMDR broadens this comprehensive perspective on trauma
by assessing neurophysiological changes during reprocess-

ing. Unfortunately, this has been scarcely reported [22,23]
leading to generalized explanations [24]. Moreover, re-
cent meta-analyses highlight the need to explain why EEG
would be effective in neurofeedback therapies for PTSD,
CPTSD, and BPD [25–28]. Our study extends this explana-
tion by analyzing the behavioral responses (response times
and error rates) of two participants using a widely recog-
nized oddball paradigm for assessing cognitive processes
such as attention. Furthermore, following adaptations pro-
posed by Sağaltıcı and colleagues [29] in Alpha Psychia-
try, our randomized controlled trial evaluates the effect of
EMDR in a teletherapy format. This study was conducted
in a clinically underexplored population using this method
(Latin America, Chile).

2. Methods
2.1 Participants, Procedure, and Ethical Approval

A power analysis was conducted a priori for two
groups and three measurements each, assuming a 20% ef-
fect size, a quasi-compliance with sphericity (ε = 0.7), as
well as an intermediate inter-measurement correlation (r =
0.5). Based on these parameters, the required sample size is
66 participants [30,31]. Therefore, 76 individuals were en-
rolled in the RCT and 18 patients (78% female) completed
the randomly assigned EMDR (n = 8) or CBT (n = 10) treat-
ment (24% adherence) using computerized randomization
to ensure fairness (see Fig. 1). Among those who adhered,
13 exhibited trauma symptoms (77% female), forming the
symptomatic group.

Following the guidelines of the accredited ethics
committee that approved this study (registered under
ISRCTN91146045; https://doi.org/10.1186/ISRCTN
91146045), voluntary participants were included regard-
less of whether they exhibited trauma symptoms. This
strategy allowed for the formation of an asymptomatic
group (n = 5) consisting of five participants with low
symptoms, which helped to control the effects of both
treatments. However, the small size of this subgroup limits
our ability to adequately control for potential confounding
effects (see limitations).

To further explore the neurophysiological explanation
for these effects, a case study was conducted. One partici-
pant from the symptomatic group who was compliant with
the RCT and one from the asymptomatic groupwhowas not
compliant with the RCT were evaluated using an oddball
paradigm for behavioral and EEG recordings before and af-
ter the treatment. Because only two cases were available,
this behavioural comparison is an exploratory pilot illustra-
tion, and the results are purely descriptive and cannot sup-
port inferential conclusions.

Psychotherapy sessions and evaluations were pro-
vided free of charge, thanks to funding from the
FONDECYT-Chile Project No. 1190578. In order to be
eligible for this study, the following criteria were applied:
(1) age between 18 and 59 years, a range necessary to stan-
dardize EEG procedures [32] and (2) exposure to at least
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Fig. 1. Participant allocation diagram.

one traumatic event. Participants were excluded if they met
any of the following conditions: (1) possible drug or alcohol
use disorder, whether mild, moderate, or severe; (2) possi-
ble schizophrenia or psychosis; (3) possible bipolar disor-
der; (4) decompensated personality disorder; (5) possible
autism spectrum disorder; (6) high dissociative symptoms;
and (7) recent suicide attempt (within the last 6 months).
In cases where a role conflict between therapist and patient
arose (e.g., student, colleague, family member), a therapist
without a conflict of interest was assigned.

2.2 Randomization

Participants were randomly assigned to either the
EMDR group or the Control group using computerized ran-
domization. The randomization process involved assign-
ing participants to treatment groups in a manner that en-
sured fairness and minimized bias. Specifically, computer-
generated random numbers were used to allocate partici-
pants to the treatment groups.

2.3 Stratification

Randomizationwas conducted across the entire partic-
ipant pool without any stratification by demographic char-
acteristics or any specific criteria. This approach aimed to

ensure that the treatment groups were comparable and that
any observed differences in outcomes could be attributed to
the treatment itself rather than other factors.

2.4 Intervention and Outcome Measures

Therapies were administered from August, 2021 to
April, 2024 by three therapists trained in EMDR and CBT,
all belonging to the Applied Psychology Center at the Uni-
versity of Talca. Due to health and safety concerns related
to COVID-19, the teletherapy model was used [29]. Ses-
sions were completely private between therapist and pa-
tient, conducted entirely online and encrypted end-to-end
using the Zoom platform. The blinding was single-blind;
each patient was unaware of the type of therapy they re-
ceived. However, their participation was fully informed
and consented through a document approved by the ethics
committee [33]. This document contained general informa-
tion about both treatments, as well as potential benefits and
effects. The team of therapists met weekly for general su-
pervision, as well as monthly to resolve clinical cases with
an accredited supervisor.

CBT was structured in stages of screening, framing,
assessment, goal construction, treatment, and evaluation.
For EMDR therapy, the standard eight-phase protocol was
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used: (1) patient history, (2) patient preparation, (3) assess-
ment of primary aspects of the traumatic event, (4) desensi-
tization of the traumatic memory, (5) installation of positive
cognition, (6) body scan, (7) closure, and (8) reassessment.

Participants were assessed by their therapist at three
moments in time: at the beginning (Baseline), middle (Mid-
point), and end (Endpoint) of treatment. PTSD symptoms
were measured using the International Trauma Question-
naire (ITQ) [34–37] and BPD symptomswere assessedwith
the Personality Assessment Inventory-Borderline Features
Scale (PAI-BOR) [38–40]. PTG was measured using the
Post-traumatic Growth Inventory (PTGI) [41].

2.5 Behavioral and Electroencephalography Measures
The present study used the 64-channel Biosemi Ac-

tiveTwo system (BioSemi B.V., Amsterdam, Netherlands)
employing the 10/20 positioning system. The flat elec-
trodes, used for EOG and EEG references, were attached
to the skin with adhesive rings and electrolyte gel.

A classical auditory oddball paradigm was used for
stimulus presentation. The auditory stimuli for the ERP ex-
periment consisted of computer-generated (MATLAB ver-
sion 2024) sinusoidal tones of 500 Hz (standard tones) and
1000 Hz (target tones), with a duration of 10 ms and a rise
and fall time of 5 ms. The paradigm consisted of present-
ing standard tones at a frequency of 80% and infrequent
target tones at a frequency of 20%. The task comprised
a fixed pseudo-random sequence of 600 stimuli, with an
inter-stimulus interval (ISI) randomly ranging from 200 to
1400 ms, divided into four blocks. The stimuli were deliv-
ered at approximately 70 dB through headphones. Partic-
ipants were shown instructions on a computer, indicating
that they should press a response key using their preferred
hand to respond to both tones.

It should be noted that prior to the behavioral-EEG
recording, each participant underwent an audiometry test
following the recommended parameters of 80 dB HL or
less, with both participants obtaining normal ranges in the
test.

2.6 Statistical Analysis
The data were analyzed using JAMOVI 2.2.5 (The

JAMOVI Project, Sydney, NSW, Australia) [42] and MAT-
LAB 2023 [43] software (The MathWorks Inc., Natick,
MA, USA). For the RCT, the split-plot repeated measures
analysis of variance (ANOVA) method was applied. Al-
though this method is standard for RCTs, it presents a chal-
lenge as Fisher’s F test may retain or reject the null hy-
pothesis more often than conventionally established for a
contrast (α < 0.05; 1-β > 0.95), especially when its as-
sumptions are not met. To address this, the Improved Gen-
eral Approximation (IGA) of Fisher’s F [44–46] was ap-
plied. This method eliminates the necessity of evaluat-
ing the assumptions. However, supplementary analyses in-
cluded: (1) equality of variance among participant groups
(homogeneity: Levene’s L; p > 0.05); (2) equality of vari-

ances between differences in variance for each group across
measurement points (sphericity: Mauchly’s W; p > 0.05;
Greenhouse-Geisser’s ε > 0.75); and (3) normality of dis-
tribution within each group and time point (Shapiro-Wilk’s
W; p > 0.05).

Given that assumption violations are more of the rule
rather than the exception in the behavioral sciences [47],
using IGA allows for controlling Type I errors, therefore
reducing the likelihood of false positives. Additionally, the
effect size was evaluated using Generalized η2 and classi-
fied according to Ferguson’s rule [48] due to its robustness
in excluding the variance of other factors in repeated mea-
sures models [49,50]. The means of ITQ, PAI-BOR, and
PTGI for each participant group at each measurement point
were compared using the Student’s t-test (p< 0.05), along-
side mean and error plots (confidence interval (CI) = 95%).

2.7 Preprocessing of EEG Measures

The preprocessing of EEGmeasurement data was car-
ried out in several critical stages. First, the EEGLAB graph-
ical interface (https://eeglab.org/) was used for an initial
visual inspection of the raw EEG data, allowing for the
identification and manual marking of segments containing
obvious artifacts, such as ocular and muscle movements.
Subsequently, a frequency filter was applied using ER-
PLAB tools, setting a high-pass filter at 0.1 Hz to elimi-
nate slow drifts and a low-pass filter at 30 Hz to remove
high-frequency noise, thereby reducing unwanted frequen-
cies that could contaminate the EEG data.

Next, an event list was created using the EventList
function in ERPLAB (ERPLAB Toolbox, Center for Mind
and Brain, University of California, Davis, CA, USA; https:
//erpinfo.org/erplab), which is essential for organizing data
into different experimental conditions. Events were as-
signed to specific bins using an appropriate configuration
file in ERPLAB, allowing for the structured organization of
the various experimental conditions. Subsequently, epochs
based on the defined binswere extracted using a –200 to 600
ms window in the BINEPOCHS Graphical User Interface
(GUI), thus segmenting the EEG data into more manage-
able fragments based on the events of interest.

For artifact detection and correction, several methods
were implemented. Using the automatic artifact detection
function in ERPLAB, epochs containing artifacts were au-
tomatically identified based on criteria such as excessive
amplitudes, high standard deviations, and abrupt gradients
in the EEG signals. Specific thresholds were established
for signal amplitude and variability, marking epochs that
exceeded these thresholds as artifact-contaminated and ex-
cluding them from subsequent analysis. Additionally, re-
gression techniques and independent component analysis
(ICA) were employed to identify and eliminate components
related to blinks and eyemovements, decomposing the EEG
signals into independent components to remove those cor-
responding to ocular artifacts without affecting the neural
signals of interest. In cases where artifacts were detected
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in specific channels, those channels were interpolated us-
ing data from neighboring channels to minimize informa-
tion loss.

After completing the initial stages of EEG data prepro-
cessing, efforts were made to proceed with the analysis of
event-related potentials (ERPs). However, a critical limita-
tion emerged due to the substantial presence of noise within
the signals, primarily generated by involuntary muscular
movements of the participants during data acquisition. This
noise, predominantly of electromyographic (EMG) origin,
significantly compromised the quality of the EEG signals.

Despite the application of frequency filters, artifact
detection, and correction methods, the level of EMG in-
terference persisted, undermining the validity of the data.
Muscular artifacts, characterized by their high frequency
and amplitude, exceeded the thresholds established for au-
tomatic artifact detection, resulting in the exclusion of nu-
merous epochs. This led to a reduced and potentially non-
representative dataset, thereby limiting its utility for subse-
quent analyses.

Attempts at correction through ICA were also unsuc-
cessful in effectively separating neural signals from mus-
cular artifacts. The complexity and non-linear nature of
the EMG noise hindered the precise identification of rele-
vant components, thereby negatively impacting the quality
of the remaining data. Channel interpolation, a technique
employed to mitigate data loss in cases of excessive noise,
was likewise insufficient to restore the integrity of the EEG
signals in areas most affected by the noise.

Consequently, the preprocessed dataset was deemed
inadequate for reliable ERP analysis, as the neural signals of
interest were significantly masked by residual noise. This
issue underscores the need for more rigorous artifact con-
trol strategies during EEG data collection, such as improv-
ing participant stabilization or employing advanced noise
elimination techniques, to better preserve the cerebral sig-
nals of interest for future studies [51,52].

The methodology adhered to the Consolidated Stan-
dards of Reporting Trials (CONSORT) checklist for clinical
trials, ensuring transparency and completeness in reporting
(see Supplementary Material).

3. Results
The results indicate a significant effect of both treat-

ments equally. The effect is moderate on ITQ (General-
ized η2 = 0.615) and PTGI (Generalized η2 = 0.610), and
low on PAI-BOR (Generalized η2 = 0.147; see Table 1,
Rows “Moment”). Additionally, there was a slightly sig-
nificant effect in the symptomatic group. These partici-
pants showed a decrease in their total ITQ (IGA = 7.33; p =
0.006; Generalized η2 = 0.216) and PAI-BOR scores (IGA
= 4.12; p = 0.047; Generalized η2 = 0.129), and an increase
in PTGI scores (IGA = 6.153; p = 0.028; Generalized η2

= 0.109), compared with those without trauma symptoms
(see Table 1, Rows “Trauma*Moment”). The comparisons
using the Student’s t-test reinforce the graphical observa-

tions (see Fig. 2). Both the total ITQ and PAI-BOR scores
decreased as the treatment progressed, with a significantly
higher average in the symptomatic group only at baseline.
Conversely, the total PTGI exhibits an inverted V-shaped
pattern, being significantly higher at the midpoint measure-
ment among those in the asymptomatic group (see Fig. 2,
Table 2).

3.1 Behavioral Results
3.1.1 Response Accuracy

The behavioral results of the study showed a signifi-
cant difference in response accuracy between the two par-
ticipants:

Participant_treatment: The participant who completed
the treatment (EMDR) showed a correct response rate of
97.0%, which is equivalent to 582 correct responses. Incor-
rect responses represented 2.0% (12 responses), and non-
responses represented 1.0% (6 responses).

Participant_linebase: In comparison, the baseline par-
ticipant (who did not complete the treatment) showed a cor-
rect response rate of 75.67% (454 correct responses). Incor-
rect responses represented 4.83% (29 responses), and non-
responses were considerably higher, representing 19.50%
(117 responses).

3.1.2 Response Times
The average response time also differed markedly be-

tween participants, indicating a positive impact of the treat-
ment on the speed of response to stimuli.

Participant_treatment: Response times for correct re-
sponses were on average 828.15 ms (standard deviation
(SD) = 171.86). For incorrect responses, the average re-
sponse time was 777.70 ms (SD = 229.1).

Participant_linebase: For the baseline participant, the
average response time for correct responses was 1270.66
ms (SD = 324.67), significantly longer than in the treatment
group. Response times for incorrect responses were also
longer, averaging 1041.75 ms (SD = 339.69).

4. Discussion
This RCT case study confirms the initial hypothesis on

the efficacy of EMDR for treating PTSD and BPD symp-
toms. Although the effect of EMDR is comparable to CBT,
recent evidence positions it as a promising intervention and
alternative to the usual treatments for BPD [53]. These
results indicate a moderate effect on traumatic symptoms
and a low effect on BPD symptoms and contribute to an
emerging body of evidence [18–20,53–56]; however, it is
important to consider important differences between these
studies and ours. First, a crucial decision was made to
differentiate between patients with BPD, with and without
PTSD comorbidity, as well as between patients with a clin-
ical diagnosis and those with subclinical symptoms. Sec-
ond, the effectiveness of EMDR was evaluated in reducing
traumatic symptoms, BPD symptoms, or both. Third, the
amount, duration, and timing of EMDR application, as well
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Table 1. Effect of the Moment factor and interactions (Treatment vs Moment and Trauma vs Moment) in the RCT.

Total  Fisher’s F  IGA  1-β Generalized η2 Mauchly’s W
Greenhouse-
Geisser’s ε

Moment 
ITQ  50.91; <0.001 50.91; 1.9324 × 10−6 1.000 0.615 – –
PAI-BOR  9.85; <0.001 9.85; 0.008 0.962 0.147 – –
PTGI  116.3; <0.001 116.3; 5.8641 × 10−5 1.000 0.610 – –
Treatment* Moment  – –

ITQ  1.35; 0.275 1.35; 0.273 0.269 0.042 0.413; 0.001 0.630
PAI-BOR  1.59; 0.220 1.59; 0.227 0.311 0.002 0.572; 0.015 0.700
PTGI  0.699; 0.504 0.699; 0.378 0.158 0.009 0.434; 0.002 0.639

Trauma* Moment 
ITQ  7.33; 0.002 7.33; 0.006 0.915 0.216 0.614; 0.026 0.721
PAI-BOR  4.12; 0.026 4.12; 0.047 0.688 0.129 0.695; 0.065 0.766
PTGI  6.153; 0.005 6.153; 0.028 0.859 0.109 0.654; 0.041 0.743

Note: Statistic and probability in bold when there is a significant difference. RCT, randomized controlled trial; ITQ, International
Trauma Questionnaire; PAI-BOR, Personality Assessment Inventory-Borderline Features Scale; IGA, Improved General Approx-
imation; PTGI, Post-Traumatic Growth Inventory, * = interaction between variables.

as its combination with other interventions, such as CBT,
was included. Additionally, recent studies suggest the im-
portance of including neurobiological markers associated
with changes in symptomatology, such as protein levels
and methylation related to cortisol and brain-derived neu-
rotrophic factor [19].

As these results support EMDR as a treatment for
trauma and PTSD, the reasons behind its efficacy should be
explored. The first important factor contributing to its ef-
fectiveness may be that EMDR is a psychotherapy that con-
fronts trauma directly, rather than avoiding it. Its objective
is for patients to learn to face their trauma through the adap-
tive processing of traumatic memories. Regardless of the
type, EMDR breaks down trauma into its components and
organizes them within the therapeutic relationship. This
process facilitates the access and processing of these trau-
matic memories, allowing them to be integrated into the
personal history of the individual receiving the treatment.
This aspect is particularly critical for BPD, where trau-
matic experiences can be multiple and intertwined, espe-
cially when exposure occurs in early developmental stages,
such as childhood [57].

Our findings regarding BPD symptoms, as well as
the behavioral effects, reveal descriptive differences in re-
sponse accuracy and reaction times between the two pilot
cases. These single case observations suggest a possible
improvement after EMDR but are insufficient to confirm
a treatment effect on executive functioning, given the ab-
sence of statistical power and control for individual differ-
ences. The treated participant exhibited a 97.0% accuracy
rate and faster response times, averaging 828.15 ms for cor-
rect responses. In contrast, the baseline participant, who
did not complete treatment, showed a 75.67% accuracy rate
with longer response times, averaging 1270.66 ms. More-
over, the treated participant demonstrated fewer incorrect
responses and non-responses. These results suggest that

EMDR treatment may enhance both accuracy and process-
ing speed in oddball tasks, reflecting improved executive
functions in individuals with trauma symptoms. The re-
duction in response times and increase in accuracy could
be linked to enhanced cognitive efficiency, improved atten-
tional capacity, and an improved post-treatment inhibitory
control [54,58].

However, it is not enough to merely register and or-
ganize scattered traumatic memories, as indicated by the
EMDR protocol. The bilateral stimulation (e.g., eye move-
ments, auditory stimulation) produced in the desensitiza-
tion phase of EMDR makes these memories less vivid by
competing for available space in working memory. This
distances the patient from their memories, enhances inter-
hemispheric communication, promotes relaxation, and pro-
duces electroencephalographic activity similar to that ob-
served during REM sleep [59–61]. Consequently, this facil-
itates the cortical processing of memories dispersed across
different brain areas, which are susceptible to activation by
the limbic system (e.g., amygdala) [23,62–64]. This repro-
cessing of traumatic memories reduces symptoms of PTSD,
anxiety, and depression that are comorbid with BPD [65].
Additionally, it has moderate to large effects on emotional
regulation, interpersonal relationships, and self-concept;
three characteristic dimensions of BPD. However, further
research is needed to assess its impact on other dimensions
of BPD [18,20].

Additionally, the EMDR protocol has a unique dual
advantage. On one hand, it can adapt to diverse patients
and dynamic contexts. Given the heterogeneity of patients
with BPD, EMDR can be tailored and combined with other
interventions in amodular and flexible approach. This com-
patibility allows for the personalization of treatment based
on the specific needs, symptoms, and associated issues of
patients with BPD [66]. On the other hand, EMDR pos-
sesses a phased structure. It is developed according to a se-
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Table 2. Comparison of means, variances, and distribution of groups at each moment in the RCT.
Baseline  Midpoint  Endpoint 

Treatment - ITQ 
Student’s T  –0.738; 0.471 –0.336; 0.741 1.360; 0.193
Levene’s L  2.227; 0.155 0.637; 0.437 4.165; 0.058
Shapiro-Wilk’s W  0.984; 0.660 0.837; <0.001 0.836; 0.005

Trauma - ITQ 
Student’s T  –5.857; <0.001 –1.314; 0.207 –0.335; 0.742
Levene’s L  0.018; 0.896 0.0160; 0.901 <0.001; 0.993
Shapiro-Wilk’s W  0.980; 0.440 0.877; 0.004 0.877; 0.023

Treatment - PAI-BOR 
Student’s T –0.589; 0.564 –0.726; 0.479 0.892; 0.386
Levene’s L  0.440; 0.517 0.048; 0.829 0.048; 0.830
Shapiro-Wilk’s W  0.991; 0.961 0.937; 0.084 0.942; 0.315

Trauma - PAI-BOR 
Student’s T –2.978; 0.009 –1.416; 0.176 –0.209; 0.836
Levene’s L  0.417; 0.528 0.031; 0.863 0.557; 0.466
Shapiro-Wilk’s W  0.986; 0.801 0.943; 0.121 0.941; 0.297

Treatment - PTGI 
Student’s T  –0.361; 0.723 –0.648; 0.526 –1.699; 0.109
Levene’s L  <0.001; 0.976 0.530; 0.477 0.543; 0.472
Shapiro-Wilk’s W  0.961; 0.071 0.851; 0.001 0.889; 0.037

Trauma - PTGI 
Student’s T  –2.938; 0.010 –3.966; 0.001 –5.673; 0.001
Levene’s L  2.160; 0.161 9.000; 0.008 3.680; 0.073
Shapiro-Wilk’s W  0.964; 0.101 0.947; 0.194 0.973; 0.860

Note: Statistic and probability in bold when there is a significant difference.

quence of stages, each aimed at addressing different aspects
of trauma and its psychological impact on the recipient [66].

In the first phase, the patient is emotionally and psy-
chologically stabilized through relaxation techniques, psy-
choeducation, and the development of emotional regulation
skills. A sense of safety is created, and the patient is pre-
pared for trauma processing in a safe and controlled en-
vironment, preventing further traumatization. The second
phase involves direct work with traumatic memories. Tech-
niques such as cognitive restructuring or desensitization are
used. This phase seeks to modify the patient’s relationship
with their traumatic memories, promoting the integration of
these experiences into a coherent and less painful life narra-
tive. The final phase focuses on the reintegration of the in-
dividual into their daily life, helping them to develop a new
sense of purpose and establish healthy relationships. This
phase may also include working on aspects of life affected
by trauma, such as self-esteem, confidence, and future plan-
ning.

This structure is like other effective treatments, such
as CBT. In this regard, therapists and patients organize
their sessions based on collaboratively identified problems
and objectives. The same results have been reported in
BPD, where telehealth benefited patient mental health [54].
This allows the application of techniques from other ef-
fective models such as CBT or Dialectical Behavior Ther-
apy (DBT), organizing them according to the complexity of

each case [67–69]. This approach generates a specific treat-
ment that incorporates elements of evidence-based thera-
pies, which explains why the effectiveness of CBT was
comparable to that of EMDR.

Based on this therapeutic flexibility and general
phased structure, it is not surprising that the teletherapy
format works. Meta-analyses have been conclusive in this
regard, showing that teletherapy models for PTSD are as
effective as face-to-face models in reducing symptoms,
as well as in treatment adherence and patient satisfaction
[3,11,58,70,71]. The same results have been reported in
BPD, where telehealth benefited patient mental health [72].
Our study contributes to this line of research; however, it
must be noted that we did not compare its effect with face-
to-face treatment.

Regarding the study’s limitations the asymptomatic
arm comprised only five participants, which reduces statis-
tical power, widens confidence intervals, and restricts ad-
justment for confounders, thereby limiting the generalis-
ability of our findings. Future studies should recruit a larger
control group or use matching techniques (e.g., propensity
score methods) to minimise this potential bias. Further-
more, the absence of an intention-to-treat analysis presents
a limitation worth noting. Given the dropout rate and the
number of participants who completed the study, the ab-
sence of such an analysis may affect the generalizability of
our findings and the interpretation of treatment effects. Fu-
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Fig. 2. Mean and error plots of randomized controlled trial (RCT) interactions. EMDR, eye movement desensitization and repro-
cessing.

ture research endeavors should address this limitation by in-
corporating larger sample sizes and implementing strategies
to mitigate attrition bias, thus enabling a more comprehen-
sive evaluation of treatment efficacy and contributing to the
advancement of clinical knowledge in this field. A signif-
icant limitation to consider was the presence of excessive
noise, which hindered EEG analysis. Artifacts generated
by muscle movements are a common source of interference
that impacts the signal, limiting the ability to conduct a thor-
ough analysis of the collected data [73]. Proper placement
of EEG electrodes and the use of appropriate reference elec-
trodes can help mitigate these effects [73]. Finally, follow-
up assessments are pending, which will be crucial for un-
derstanding the sustainability of treatment effects over time.

5. Conclusions
Our study provides evidence for the efficacy of EMDR

in reducing PTSD and BPD symptoms, with a moderate
effect on traumatic symptoms and a small effect on BPD
symptoms. These findings are consistent with previous re-
search that positions EMDR as a promising alternative to
treatments such as CBT.

EMDR facilitates the confrontation and adaptive pro-
cessing of traumatic memories, which is crucial for PTSD
and BPD, where traumatic experiences are often multiple
and interrelated. Bilateral stimulation in EMDR improves
interhemispheric communication and reduces the vividness
of traumatic memories, promoting cortical reorganization
that reduces symptoms of PTSD and BPD. In addition, the
structure of EMDR allows for personalization of treatment
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by incorporating techniques from other therapeutic models
such as CBT and DBT.

Despite the findings, elements that can be considered
limitations of the studies, such as comorbidity between
PTSD and BPD, as well as symptom severity and the com-
bination of EMDR with other therapies, need to be ad-
dressed. To this end, it is also important that future studies
address the inclusion of neurobiological markers to deepen
the understanding of symptomatology.

In conclusion, EMDR has been shown to be an effec-
tive and adaptive intervention, so it is necessary to advance
the development of further research in this area.
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