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Examination of the Effects of Bilateral Alternating Stimulation on EMDR 

1 
Osaka University, Graduate School of Human Sciences Miho Yamauchi 

 
Abstract 

One feature of EMDR therapy is the provision of bilateral alternating stimulation while 
imagining images during a treatment procedure. The effects of EMDR therapy can be explained 
by the adaptive information processing model, in which bilateral alternating stimulation 
facilitates the information processing network. The concept of memory reconsolidation that has 
recently emerged can be used to explain the adaptive information processing model by 
considering the process of a treatment session. However, no previous studies have examined the 
effects of bilateral alternating stimulation as a sequential process. Further research is required to 
focus on the type, frequency, and speed of bilateral alternating stimulation. 
 
Key words: EMDR, bilateral alternating stimulation, therapeutic mechanism 

 

PTSD Posttraumatic Stress 
Disorder

PTSD SSRI Selective Serotonin 
Reuptake Inhibitor

PE
Prolonged Exposure Therapy

CPT Cognitive Processing Therapy
EMDR Eye Movement 

Desensitization and Reprocessing

 
1 Correspondence concerning this article should be sent to; 
Miho Yamauchi, Graduate School of Human Sciences, 
Osaka University, Osaka, 565-0871, 
(yamauchim@ncvc.go.jp) 

Powers et al., 2010 PE EMDR
WHO

WHO, 2013  
EMDR

EMDR
F. Shapiro

Shapiro, 2001 
2004

EMD Eye Movement Desensitization

EMD

F. Shapiro
EMD EMDR

Shapiro, 1991

Leeds, 2016 
2019



― 12 ―

山内：EMDRにおける両側性交互刺激の効果

EMDR

Leeds, 2016 
2019  
 

EMDR
Adaptive Information 

Processing Model AIP
Shapiro, 2001 2004 EMDR

AIP

Buchanan, 2007

Solomon 
& Shapiro, 2008

EMDR EMDR

Leeds, 2016 
2019 EMDR

Shapiro, 2001 2004 AIP

 
 

EMDR

3

Landin-Romero et al., 2018  

Benson & Klipper, 
2000 2001 ,

, 2018

Armstrong & Vaughan, 1996

MacCulloch & 
Feldman, 1996; Wilson et al., 1996

van den 
Hout et al., 2013  

Baddeley & Hitch, 1974  

Elofsson, et al., 2008; Sack et al., 2008

Elofsson et al., 2008

 

Propper et al., 2007; 



― 13 ―

The Bulletin of Behavioral Science of Life,
 Aging, Sickness and Death, Vol. 28 (2024)

Nieuwenhuis et al., 2013
 

PTSD
Lanius et al., 

2003 Bergmann 2008

PTSD

 
 

electroencephalography EEG
magnetoencephalography MEG

PET Positron 
Emission Tomography SPECT Single Photon 
Emission Computed Tomography  MRI

functional magnetic resonance imaging
fMRI near infrared spectroscopy

NIRS  
PET SPECT

fMRI

NIRS
fMRI

 

PTSD PTSD
Gilbertson et 

al., 2002 PTSD

Shin et al., 2005  

EMDR
PTSD

EMDR

Lansing et al., 2005; Rousseau et al., 

2019

EMDR

EMDR
 

 

 
EMDR

PubMed Web of 
Science MEDLINE, PsycINFO

EMDR EMD
1991 2023 5 18

EMDR  or Eye 
Movement Desensitization and Reprocessing

bilateral stimulation  or bilateral alternating 
stimulation

fMRI  or functional MRI  or functional 
Magnetic Resonance Imaging  or NIRS  or 

Near-Infrared Spectroscopy  or PET  or 
Positron Emission Tomography  or SPECT  or 
Single Photon Emission Computed Tomography  

or EEG  or Electroencephalography  or 
Electroencephalogram  or MEG  or 

Magnetoencephalography
Figure 1  



― 14 ―

山内：EMDRにおける両側性交互刺激の効果

 

 
24 13

EMDR 3
1 7

EMDR

EEG 4 NIRS 1 fMRI 2
 

EEG 4
EEG 4

3 EMDR

Pagani et al., 2011; Pagani et al., 
2012; Pagani et al., 2015 1

EEG

Yaggie et al., 
2015  

NIRS

Amano & Toichi, 2016

 
fMRI 2

Richardson et al., 2009

Herkt et al., 2014  
4

3
Amano & Toichi 2016

6
 

 

 

EEG
NIRS fMRI

fMRI

NIRS
Amano 

& Toichi, 2016
 

EMDR
2

RDI
Resource Development and Installation

RDI PTSD EMDR

Leeds, 2016 
2019 RDI

Hornsveld et al. 2011

RDI

Leeds & Korn 2011 RDI

 
Hornsveld et al. 2011

2

 



― 15 ―

The Bulletin of Behavioral Science of Life,
 Aging, Sickness and Death, Vol. 28 (2024)

Schwabe et 
al., 2014

 

Crestani et al., 2015

Wurtz et al., 2016

Wu et al., 2008
Pagani et al. 2011

EEG Richardson et al. 2009 fMRI

EMDR PTSD

Lansing et al., 2005
 

Fukushima et al., 2021

PTSD
EMDR PE
PTSD EMDR

Laugharne et al., 2016 EMDR
de Roos et al., 2017 EMDR

PE PTSD
EMDR PE

EMDR
RDI

EMDR

AIP

 
7

EMDR

RDI

 

RDI
RDI

 

Yoshihara et 
al., 2016

 



― 16 ―

山内：EMDRにおける両側性交互刺激の効果

 
 

 
Amano, T., & Toichi, M. (2016). The role of 

alternating bilateral stimulation in establishing 
positive cognition in EMDR Therapy: A 
multi-channel near-infrared Spectroscopy study. 
PLoS One, 11(10): e0162735. 

Armstrong, M. S., & Vaughan, K. (1996). An 
orienting response model of eye movement 
desensitization. Journal of Behavior Therapy 
and Experimental Psychiatry, 27, 21-32. 

Baddeley, A. D., & Hitch, G. (1974). Working 
memory. Psychology of Learning and Motivation, 
8, 47-89. 

Benson, H., & Klipper, M. Z. (2000). The relaxation 
response. HarperTorch. 

H. M. Z.  
  2001 . 

  
Bergmann, U. (2008). The neurobiology of EMDR: 

exploring the thalamus and neural integration. 
Journal of EMDR Practice and Research, 2, 
300-314. 

Buchanan, T. W. (2007). Retrieval of emotional 
memories. Psychological Bulletin, 133(5), 
761-779. 

Crestani, A. P., Zacouteguy Boos, Z., Haubrich, J., 
Ordoñez Sierra, R., Santana, F., Molina, J. M., 
Cassini, L. de F., Alvares, L. de O., & Quillfeldt, 
J. A. (2015). Memory reconsolidation may be 
disrupted by a distractor stimulus presented 
during reactivation. Scientic Report, 5, 13633. 

de Roos, C., van der Oord, S., Zijlstra, B., Lucassen, 
S., Perrin, S., Emmelkamp, P., & de Jongh, A. 
(2017). Comparison of eye movement 
desensitization and reprocessing therapy, 
cognitive behavioral writing therapy, and 
wait-list in pediatric posttraumatic stress 
disorder following single-incident trauma: a 
multicenter randomized clinical trial. Journal of 
Child Psychology and Psychiatry, 8(11), 
1219-1228. 

Elofsson, U. O., von Schèele, B., Theorell, T., & 
Söndergaard, H. P. (2008). Physiological 
correlates of eye movement desensitization and 
reprocessing. Journal of Anxiety Disorders, 22, 
622-634. 

Fukushima, H., Zhang, Y., & Kida, S. (2021). Active 
transition of fear memory phase from 
reconsolidation to extinction through 
ERK-mediated prevention of reconsolidation. 
The Journal of Neuroscience, 41(6), 1288-1300. 

Gilbertson, M. W., Shenton, M. E., Ciszewski, A., 
Kasai, K., Lasko, N. B., Orr, S. P., & Pitman, R. 
K. (2002). Smaller hippocampal volume predicts 
pathologic vulnerability to psychological trauma. 
Nature Neuroscience, 5(11), 1242-1247. 

Herkt, D., Tumani, V., Grön, G., Kammer, T., 
Hofmann, A., & Abler, B. (2014). Facilitating 
access to emotions: neural signature of EMDR 
stimulation. PLoS One, 9(8), e106350. 

Hornsveld, H. K., Houtveen, J. H., Vroomen, M., 
Kapteijn, I., Aalbers, D., & van den Hout, M. A. 
(2011). Evaluating the effect of eye movements 
on positive memories such as those used in 
resource development and installation. Journal 
of EMDR Practice and Research, 5(4), 146-155. 

Landin-Romero, R., Moreno-Alcazar, A., Pagani, M., 
& Amann, B. L. (2018). How does eye 
movement desensitization and reprocessing 
therapy work? A systematic review on 
suggested mechanisms of action. Frontiers in 
Psychology, 9, 1395. 

Lanius, R. A., Williamson, P. C., Hopper, J., 
Densmore, M., Boksman, K., Gupta, M. A., 
Neufeld, R. W. J., Gati, J. S., & Menon, R. S. 
(2003). Recall of emotional states in 
posttraumatic stress disorder: an fMRI 
investigation. Biological Psychiatry, 53, 
204-210. 

Lansing, K., Amen, D. G., Hanks, C., & Rudy, L. 
(2005). High-resolution brain SPECT imaging 
and eye movement desensitization and 
reprocessing in police officers with PTSD. The 
Journal of Neuropsychiatry and Clinical 
Neurosciences, 17(4), 526-532. 

Laugharne, J., Kullack, C., Lee, C. W., McGuire, T., 
Brockman, S., Drummond, P. D., & Starkstein, 
S. (2016). Amygdala Volumetric Change 
Following Psychotherapy for Posttraumatic 
Stress Disorder. The Journal of Neuropsychiatry 
and Clinical Neurosciences, 28(4), 312-318. 

Leeds A. M. (2016). A Guide to the Standard EMDR 
Therapy Protocols for Clinicians, Supervisors, 
and Consultants (2nd ed.). Springer.  



― 17 ―

The Bulletin of Behavioral Science of Life,
 Aging, Sickness and Death, Vol. 28 (2024)

A.   
2019 . EMDR

  
Leeds, A. M., & Korn D. L. (2011). A valid test of 

resource development and installation? 
Absolutely not. Journal of EMDR Practice and 
Research, 6(4), 170-173. 

MacCulloch, M. J., & Feldman, P. (1996). Eye 
movement desensitisation treatment utilises the 
positive visceral element of the investigatory 
relax to inhibit the memories of post traumatic 
stress disorder: A theoretical analysis. The 
British Journal of Psychiatry, 169, 571-579. 

Nieuwenhuis, S., Elzinga, B. M., Ras, P. H., Berends, 
F., Duijs, P., Samara, Z., & Slagter, H. A. 
(2013). Bilateral saccadic eye movements and 
tactile stimulation, but not auditory stimulation, 
enhance memory retrieval. Brain and Cognition, 
81, 52-56. 
 (2018).  7  

Pagani, M., Di Lorenzo, G., Monaco, L., Niolu, C., 
Siracusano, A., Verardo, A. R., Lauretti, G., 
Fernandez, I., Nicolais, G., Cogolo, P., & 
Ammaniti, M. (2011). Pretreatment, 
intratreatment, and posttreatment EEG imaging 
of EMDR: Methodology and preliminary results 
from a single case. Journal of EMDR Practice 
and Research, 5(2), 42-56.  

Pagani, M., Di Lorenzo, G., Verardo, A. R., Nicolais, 
G., Monaco, L., Lauretti, Russo, R., Niolu, C., 
Ammaniti, M., Fernandez, I., & Siracusano, A. 
(2012). Neurobiological correlates of EMDR 
monitoring—An EEG study. PLoS One, 7(9), 
e45753. 

Pagani, M., Di Lorenzo, G., Monaco, L., Daverio, A., 
Giannoudas, I,, La Porta, P., Verardo, A, R., 
Niolu, C., Fernandez, I., & Siracusano, A. 
(2015). Neurobiological response to EMDR 
therapy in clients with different psychological 
traumas. Frontiers in Psychology, 6, 1614. 

Powers, M. B., Halpern, J. M., Ferenschak, M. P., 
Ferenschak, M. P., Gillihan, S. J., & Foa, E. B. 
(2010). A meta-analytic review of prolonged 
exposure for posttraumatic stress disorder. 
Clinical Psychology Review, 30, 635-641. 

Propper, R. E., Pierce, J., Geisler, M. W., Christman, 
S. D., & Bellorado, N. (2007). Effect of bilateral 
eye movements on frontal interhemispheric 
gamma EEG coherence: implications for EMDR 
therapy. The Journal of Nervous and Mental 
Disease, 195, 785-788. 

Richardson, P., Williams, S. R., Hepenstall, S., 
Gregory, L., McKie, S., & Corrigan, F. (2009). 

A single-case fMRI study: EMDR treatment of a 
patient with posttraumatic stress disorder. 
Journal of EMDR Practice and Research, 3(1), 
10-23. 

Rousseau, P., El Khoury-Malhame, M., le Reynaud, 
E., Boukezzi, S., Cancel, A, Zendjidjian, X., 
Guyon, V., Samuelian, J., Guedj, E., Chaminade, 
T., & Khalfa, S. (2019). Fear extinction learning 
improvement in PTSD after EMDR therapy: an 
fMRI study. European Journal of 
Psychotraumatology, 10(1), 1568132. 

Sack, M., Lempa, W., Steinmetz, A., Lamprecht, F., 
& Hofmann, A. (2008). Alterations in 
autonomic tone during trauma exposure using 
eye movement desensitization and reprocessing 
(EMDR)–results of a preliminary investigation. 
Journal of Anxiety Disorders, 22, 1264-1271. 

Schwabe, L., Nader, K., & Pruessner, J. C. (2014). 
Reconsolidation of human memory: brain 
mechanisms and clinical relevance. Biological 
Psychiatry, 76(4), 274-280. 

Shapiro, F. (1991). Eye movement desensitization 
and reprocessing procedure: From EMD to 
EMD/ R–a new treatment model for anxiety and 
related traumata. The Behavior Therapist, 14, 
133-135. 

Shapiro, F. (2001). Eye Movement Desensitization 
and Reprocessing: basic principles, protocols, 
and procedures (2nd ed.). Guilford Press.  

F.  2004 . 
EMDR 2

 
Shin, L. M., Wright, C. I., Cannistraro, P. A., Wedig, 

M. M., McMullin, K., Martis, B., Macklin, M. 
L., Lasko, N. B., Cavanagh, S. R., Krangel, T. S., 
Orr, S. P., Pitman, R. K., Whalen, P. J., & 
Rauch, S. L. (2005). A functional magnetic 
resonance imaging study of amygdala and 
medial prefrontal cortex responses to overtly 
presented fearful faces in posttraumatic stress 
disorder. Archives Of General Psychiatry, 62(3), 
273-281. 

Solomon, R. M., & Shapiro, F. (2008). EMDR and 
the adaptive information processing model, 
Potential mechanisms of change. Journal of 
EMDR Practice and Research, 2(4), 315-325. 

van den Hout, M. A., Bartelski, N., & Engelhard, I. 
M. (2013). On EMDR: eye movements during 
retrieval reduce subjective vividness and 
objective memory accessibility during future 
recall. Cognition and Emotion, 27, 177-183. 

Wilson, D. L., Silver, S. M., Covi, W. G., & Foster, S. 
(1996). Eye movement desensitization and 



― 18 ―

山内：EMDRにおける両側性交互刺激の効果

reprocessing: effectiveness and autonomic 
correlates. Journal of Behavior Therapy and 
Experimental Psychiatry, 27, 219-229. 

World Health Organization (2013). Guidelines for the 
management of conditions specifically related to 
stress. 

Wu, L., Zhang, X., Fukushima, H., Zhang, F., Wang, 
H., Toyoda, T., Li, B., Kida, S., & Zhuo, M. 
(2008). Genetic enhancement of trace fear 
memory and cingulate potentiation in mice 
overexpressing Ca2+/Calmodulin-dependent 
protein kinase IV. European Journal of 
Neuroscience, 27(8), 1923-1932. 

Wurtz, H., El-Khoury-Malhame, M., Wilhelm, F. H., 
Michael, T., Beetz, E. M., Roques, J., Reynaud, 
E., Courtin, J., Khalfa, S., & Herry, C. (2016).
Preventing long-lasting fear recovery using 
bilateral alternating sensory stimulation: A 

translational study. Neuroscience, 321,
222-235. 

Yaggie, M., Stevens, L., Miller, S., Abbott, A., 
Woodruff, C., Getchis, M., Stevens, S., Sherlin, 
L., Keller, B., & Daiss, S. (2015). 
Electroencephalography coherence, memory 
vividness, and emotional valence effects of 
bilateral eye movements during unpleasant 
memory recall and subsequent free association: 
Implications for eye movement desensitization 
and reprocessing. Journal of EMDR Practice 
and Research, 9(2), 78-97. 

Yoshihara, K., Tanabe, H. C., Kawamichi, H., Koike, 
T., Yamazaki, M., Sudo, N., & Sadato, N. 
(2016). Neural correlates of fear-induced 
sympathetic response associated with the 
peripheral temperature change rate. Neuroimage, 
134, 522-531. 


