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Fig. 1 Mechanism of cognitive—behavioral therapy and virtual reality therapy in neuropathic pain
B IAEAT AT EME I KT R A RS

AT Y7 Rl 1 VY SR R 23k | U e T B R 2 B L R A% T S R A Ve R o Rl S S T3] LA S A T R )
YR Z ]I A 23R, DU JCRP, TNF-o, IL-6, [JAIL-2. IL-4, MIMZEMATZHTHE. IL-6: [135-6; DMN: BRI
%% iFC: WYIESIREMEEYE; BDNF: JKIEVERNZEIRE T CRP: CRMET; TNF-a: MRHRSEHE T-a; IL-2: FIME-2; IL4: 5
#-4,



+2400- EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (10>

3.2 BT ETRHE R RG]

O3 O B2 SR8 PR R RR A 1 R B X 5K
W L R R TR R AR S A — A R A
R, MEBIELRN GRS, =X IR
BN S VR AT DR B IR B ) —
PR R IR, W “Ehe” R TEE
eIk PR 7 BRTAUEE R, VRA
By I AE PE IR S0 7 3D k#= VR [t 2D
S5 o7 FH B VR SR AU B 47 AT i D PR 2 3D Sk ik
A VR EREG [ EIEE 5 7

o 28 AT R R o 2 A % K i L P A 72 2 S A
I IE T st MR 0 E L] . @t DRtk
4L 4h Ot 3% 4% R (functional near-infrared
spectroscopy, NIRS) |52 53 % 1z B F
T, RILVR AR T E-Ir s 2 200, Ik
DT SRR ARAIR S 2 )2 (primary somatosensory
cortex, S1) MYPIREEHE, MIMHISS T S1HYEH AL
PRIIRE, PR EE T Ak, MR
HEMIRAERERET, aBlE s, 0 PHy ik
TEBNREAR 7 VR T HUfd el 3 5 2 A X 3l
& I RN TR DX R A y 8 1% 23, A X B o
PG b, BB E A IR AR K 5 P
ik 7 MR RY], VR THUAT LA &
BB B K )Z . /Nl R JZ R BT, A R0
2 Rz J22 T e 1y it 5 08 Rz 2 WA A EHE
X AR Rk A v B AT R TR 2N VR B sl
YR T, 16 J J 1M i 1L-6 /K F T B 17.96%,
BDNF V& & Ty, X W] VR G 1 41 i 5 F il
P22 ] SR SE AL R HEAE R . A, Nambi
L o) x4 MR R S R (chronic non-specific
low back pain, CNLBP) RYiz 3l i 47 2% 4 JE 1)
VRizZTHi)E, S%dEsifegissift, ~
IS PR R B KO G, RIS AR )
b & W) C e W % 1 (C-reactive protein, CRP) .
TNF-a. IL-6#BWI S %, IL-2 FHIL-4 .

4 BEERE

ARG AT T PR BT ST Y AP b T
A OGIER AL, AR PR T HLEL S CBT. VR,
ARRAPERI PPN . BUR T BT Bt
A T AR AR A P Bt A B K AT
RERREAT, LI B PO 5, AORE IR
HHREUGRA—AEZH N . CBT M VRIT L EA
WG, WA RS S, 2RI RERE AT

Y )
J UADITRY

R RYRE R, PRI S IS 250G 7 . Hifl
FELGWGY IR G U AT LAVE B A T ) P 22
fif oy 5 0 fldn, VR AR R AR (non-
invasive brain stimulation, NIBS) &40 F %5 46
05 8 M R A B R T B,
Aurucci 5 BV H F I T K AL4E O (brain-
computer interface, BCI), i SZH W i fix e, 5] 45
B B R A AR R, SERHi A 28 s
il ¥ (transcutaneous electrical nerve stimulation,
TENS) HI VR BZEE T, i 8 e e
SiE R & #  (neuropathic pain symptom inventory,
NPSI) PFAFEAE 50%, on R AT GE .

JUERFFE & B CBT A VR I IA LA 21
PIRE A ERFRN T, AHYATARF5EATIR
FAAE—SR R, P2 HEATEAKRAI ST rh AR SR
Ko B, HATRPIRSCRITEN Ir ik AF e SR BRE
et (] B eSS BT PEE R, i TR 2 ext
VIR PR SRAFAE P, SR St () AR JAE
AR Z PPN PRI AR T RE S (AT 45 R A ]
G B . CBT Ml VRYT i By 3& T AN HEAFAE — o 1 22
S, VRV HIPEA AT CBT )iz . B
I AN HAR ORI T R G LR A5 1, T 2ut
FENGUHEAT B R N FERIF TR g R 3 — ]
H, CBT #I VRO 29 B 13677 VE AL 7
T H AT AN SR A, BB I 19 15 i B30
LA T 2RI IR A A OCHE , il 5k
R SE B P B HA R R AP, S cdm
WSRO, T VR AR ISP
BITITSE, BERMER A FIGER 2 4 A5 R R i
AN VR NZRZERL, B di VRS HL, LISl
AP TR ORI e KRR B PR 22 i, o mT LAAE
VR HIMARAEMELL (5dB) W75 &, B#itosik
B, MEMELL (5dB) BY75 & AT LU i B2 5T Fr i [
PSS/ B AR BUR AR ], JF B A s R
Joi . PR A A D] LR R L R,
PRI AT IR — A R e i) E R
PR TF 23097 MAEZSYIRI T N Z224RE . £
B BROREMG o ANUE R DB (PR, 3 A R
M) R8I AR I8 A B R A 35 B it RN DI RE P A AR 52
e P FA S P 2R

2 % x #

[1]  Bosma R L, Cheng J C, Rogachov A, et al. Brain dynamics and

temporal summation of pain predicts neuropathic pain relief from



2023; 50 (100

s, %

INET AT AR SETT i F I & A R aE R R ALH

2401

(2]

[3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ketamine infusion. Anesthesiology, 2018, 129(5): 1015-1024
Caragher S P, Khouri K S, Raasveld F V, et al. The peripheral nerve
surgeon’s role in the management of neuropathic pain. Plast
Reconstr Surg Glob Open, 2023, 11(5): 5005

Hansen J S, Hansen R M, Petersen T, et al. The effect of cannabis-
based medicine on neuropathic pain and spasticity in patients with
multiple sclerosis and spinal cord injury: study protocol of a
national multicenter double-blinded, placebo-controlled trial.
Brain Sci, 2021, 11(9): 1212

Salvetti A, Ferrari V, Garofalo R, ef al. Incidence of herpes zoster
and postherpetic neuralgia in Italian adults aged >50 years: a
prospective study. Prev Med Rep, 2019, 14: 100882

Tyrtyshnaia A, Bondar A, Konovalova S, et al. Synaptamide
improves and neuronal
neuropathic pain. IntJ Mol Sci, 2021,22(23): 12779

Borgonetti V, Galeotti N. Rosmarinic acid reduces microglia

cognitive functions plasticity in

senescence: a novel therapeutic approach for the management of
neuropathic pain symptoms. Biomedicines, 2022, 10(7): 1468
Putrino D, Tabacof L, Breyman E, et al. Pain reduction after short
exposure to virtual reality environments in people with spinal cord
injury. IntJ Environ Res Public Health, 2021, 18(17): 8923
Finnerup N B, Kuner R, Jensen T S. Neuropathic pain: from
mechanisms to treatment. Physiol Rev, 2021, 101(1): 259-301
Moisset X, Bouhassira D, Avez Couturier J, ef al. Pharmacological
and non-pharmacological treatments for neuropathic pain:
systematic review and French recommendations. Rev Neurol
(Paris), 2020, 176(5): 325-352

Castelnuovo G, Giusti E M, Manzoni G M, et al. Psychological
treatments and psychotherapies in the neurorehabilitation of pain:
evidences and recommendations from the Italian consensus
conference on pain in neurorehabilitation. Front Psychol, 2016,
7:115

Merliot-Gailhoustet L, Raimbert C, Garnier O, ef al. Discomfort
improvement for critically ill patients using electronic relaxation
devices: results of the cross-over randomized controlled trial E-
CHOISIR (electronic-CHOIce of a system for intensive care
relaxation). Crit Care, 2022, 26(1): 263

Higgins D M, Heapy A A, Buta E, et al. A randomized controlled
trial of cognitive behavioral therapy compared with diabetes
education for diabetic peripheral neuropathic pain. J Health
Psychol,2022,27(3): 649-662

Serensen J C H, Vlachou M, Milidou I, et al. Virtual reality
treatment of severe neuropathic pain in an adolescent child: a case
report. AA Pract, 2023,17(6): 01689

Kashikar-Zuck S, Briggs M S, Bout-Tabaku S, ef al. Randomized
clinical trial of fibromyalgia integrative training (FIT teens) for
adolescents with juvenile fibromyalgia-study design and protocol.
Contemp Clin Trials, 2021, 103: 106321

LiC,Hou W, Ding D, et al. Evidence mapping based on systematic
reviews of cognitive behavioral therapy for neuropathic pain.
Neural Plast, 2023,2023: 2680620

Fayad S L, Ourties G, Le Gac B, et al. Centrally expressed Cav3.2

[17]

[18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

T-type calcium channel is critical for the initiation and
maintenance of neuropathic pain. Elife, 2022, 11: €79018

Held M, Karl F, Vickova E, et al. Sensory profiles and immune-
related expression patterns of patients with and without
neuropathic pain after peripheral nerve lesion. Pain, 2019,
160(10):2316-2327

LiL,RuQ, LuY, et al. Tiam1 coordinates synaptic structural and
functional plasticity underpinning the pathophysiology of
neuropathic pain. Neuron, 2023, 111(13): 2038-2050

Reid A R, Coté P D, McDougall J J. Long-term blockade of
nociceptive Nav1.7 channels is analgesic in rat models of knee
arthritis. Biomolecules, 2022, 12(11): 1571

Xu L J, Wang J, Li Y D, et al. Reduction of SIRT1-mediated
epigenetic upregulation of Navl.7 contributes to oxaliplatin-
induced neuropathic pain. Pain Physician, 2023,26(3): E213-E222
Beckley J T, Pajouhesh H, Luu G, et al. Antinociceptive properties
of an isoform-selective inhibitor of Nav1.7 derived from saxitoxin
inmouse models of pain. Pain, 2021, 162(4): 1250-1261

Alaklabi A M, Gambeta E, Zamponi G W. Electrophysiological
characterization of a CaV3.1 calcium channel mutation linked to
trigeminal neuralgia. Pflug Arch Eur J Phy, 2023, 475(6): 711-718
Ali M Y, Gadotti V M, Huang S, et al. Icariside 1I, a prenyl-
flavonol, alleviates inflammatory and neuropathic pain by
inhibiting  T-Type and USP5-Cav3.2
interactions. ACS Chem Neurosci, 2023, 14(10): 1859-1869
Micheli L, Parisio C, Lucarini E, et al. VEGF-A/VEGFR-1

signalling and

calcium channels

chemotherapy-induced neuropathic  pain:
therapeutic potential of a novel anti-VEGFR-1 monoclonal
antibody. J Exp Clin Canc Res, 2021, 40(1): 320

Stratton H J, Boinon L, Gomez K, et al. Targeting the vascular
endothelial growth factor A/neuropilin 1 axis for relief of
neuropathic pain. Pain, 2023, 164(7): 1473-1488

Schosser A, Fischer-Hansal D, Swoboda M M, et al. BDNF gene
polymorphisms predicting treatment response to CBT-based
rehabilitation of depression. Eur Neuropsychopharm, 2022,
58:103-108

Xian H, Guo H, Liu Y Y, et al. Peripheral BDNF regulates
somatosensory-sympathetic coupling in brachial plexus avulsion-
induced neuropathic pain. Neurosci Bull, 2023. doi: 10.1007/
S12264-023-01075-0

Zhang Y, Gong H, Wang J S, et al. Nerve injury-induced YH2AX
reduction in primary sensory neurons is involved in neuropathic
pain processing. IntJ Mol Sci, 2023,24(12): 10148
HuX,DuL,LiuS, etal. ATRPV4-dependent neuroimmune axis in
the spinal cord promotes neuropathic pain. J Clin Invest, 2023,
133(5):e161507

Guida F, lannotta M, Misso G, et al. Long-term neuropathic pain
behaviors correlate with synaptic plasticity and limbic circuit
alteration: a comparative observational study in mice. Pain, 2022,
163(8): 1590-1602

QinY, Xu W, Li K, et al. Repeated inhibition of sigma-1 receptor

suppresses GABA A receptor expression and long-term depression



2402

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (10)

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

in the nucleus accumbens leading to depressive-like behaviors.
Front Mol Neurosci, 2022, 15: 959224

Misquitta K A, Miles A, Prevot T D, er al. Reduced anterior
cingulate cortex volume induced by chronic stress correlates with
increased behavioral emotionality and decreased synaptic puncta
density. Neuropharmacology, 2021, 190: 108562

Boccella S, Cristiano C, Romano R, et al. Ultra-micronized
palmitoylethanolamide rescues the cognitive decline-associated
loss of neural plasticity in the neuropathic mouse entorhinal
cortex-dentate gyrus pathway. Neurobiol Dis, 2019, 121: 106-119
Fan B Q, Xia J M, Chen D D, et al. Medial septum glutamatergic
neurons modulate nociception in chronic neuropathic pain via
projections to lateral hypothalamus. Front Pharm, 2023,
14: 1171665

Tyrtyshnaia A A, Egorova E L, Starinets A A, et al. N-
docosahexaenoylethanolamine attenuates neuroinflammation and
improves hippocampal neurogenesis in rats with sciatic nerve
chronic constriction injury. Mar Drugs, 2020, 18(10): 516

Chen C, Liu A, Lu Q, ef al. HDACG6 inhibitor ACY-1215 improves
neuropathic pain and its comorbidities in rats of peripheral nerve
injury by regulating neuroinflammation. Chem Biol Interact,
2022,353: 109803

Mizuma A, Kim J Y, Kacimi R, et al. Microglial calcium release-
activated calcium channel inhibition improves outcome from
experimental traumatic brain injury and microglia-induced
neuronal death. J Neurotraum, 2019, 36(7): 996-1007

Tsujikawa S, DeMeulenaere K E, Centeno MV, ef al. Regulation
of neuropathic pain by microglial Orail channels. Sci Adv, 2023,
9(4): eade7002

Chu J, Yang J, Zhou Y, et al. ATP-releasing SWELLI1 channel in
spinal microglia contributes to neuropathic pain. Sci Adv, 2023,
9(13): eade9931

Zhou H M, Xu H J, Sun R H, et al. DNA N6-methyladenine
methylase N6AMT! controls neuropathic pain through
epigenetically modifying Kcnjl6 in dorsal horn neurons. Pain,
2023.doi:10.1097/j.pain.0000000000002986

Murillo C, Vo T T, Vansteelandt S, et al. How do psychologically
based interventions for chronic musculoskeletal pain work? A
systematic review and meta-analysis of specific moderators and
mediators of treatment. Clin Psychol Rev, 2022, 94: 102160

Clauw D J, Essex M N, Pitman V, et al. Reframing chronic painas a
disease, not a symptom: rationale and implications for pain
management. Postgrad Med, 2019, 131(3): 185-198

Saxena A K, Bhardwaj N, Chilkoti G T, ef a/. Modulation of mRNA
expression of IL-6 and mTORCI and efficacy and feasibility of an
integrated approach encompassing cognitive behavioral therapy
along with pregabalin for management of neuropathic pain in
postherpetic neuralgia: a pilot study. Pain Med, 2021, 22(10):
2276-2282

Lumley M A, Schubiner H. Psychological therapy for centralized
pain: an integrative assessment and treatment model. Psychosom
Med, 2019, 81(2): 114-124

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Ritchie A, Kramer J M. Recent advances in the etiology and
treatment of burning mouth syndrome. J Dent Res, 2018, 97(11):
1193-1199

Vranceanu A M, Bachoura A, Weening A, et al. Psychological
factors predict disability and pain intensity after skeletal trauma. J
Bone Joint Surg, 2014, 96(3): €20

Larsen D B, Laursen M, Edwards R R, ef al. The combination of
preoperative pain, conditioned pain modulation, and pain
catastrophizing predicts postoperative pain 12 months after total
knee arthroplasty. Pain Med, 2021, 22(7): 1583-1590

Eller O C, Willits A B, Young E E, et al. Pharmacological and non-
pharmacological therapeutic interventions for the treatment of
spinal cord injury-induced pain. Front Pain Res, 2022,3: 991736
Feldmann M, Hein H J, Voderholzer U, et al. Cognitive change and
relaxation as key mechanisms of treatment outcome in chronic
pain: evidence from routine care. Front Psychiatry, 2021,
12:617871

Shpaner M, Kelly C, Lieberman G, ef al. Unlearning chronic pain:
a randomized controlled trial to investigate changes in intrinsic
brain connectivity following cognitive behavioral therapy.
Neuroimage Clin, 2014, 5:365-376

Kuhn M, Popovic A, Pezawas L. Neuroplasticity and memory
formation in major depressive disorder: an imaging genetics
perspective on serotonin and BDNF. Restor Neurol Neurosci,
2014,32(1):25-49

LiuH, Hou H, LiF, et al. Structural and functional brain changes in
patients with classic trigeminal neuralgia: a combination of voxel-
based morphometry and resting-state functional MRI study. Front
Neurosci, 2022,16: 930765

McCrae C S, Mundt J M, Curtis A F, et al. Gray matter changes
following cognitive behavioral therapy for patients with comorbid
fibromyalgia and insomnia: a pilot study. J Clin Sleep Med, 2018,
14(9): 1595-1603

KoJS, Eddinger KA, Angert M, et al. Spinal activity of interleukin
6 mediates myelin basic protein-induced allodynia. Brain Behav
Immun, 2016, 56: 378-389

Melemedjian O K, Asiedu M N, Tillu DV, et al. IL-6- and NGF-
induced rapid control of protein synthesis and nociceptive
plasticity via convergent signaling to the elF4F complex. J
Neurosci, 2010,30(45): 15113-15123

Liu S, Wang Z, Su Y, et al. A neuroanatomical basis for
electroacupuncture to drive the vagal-adrenal axis. Nature, 2021,
598(7882): 641-645

Cassani R, Novak G S, Falk T H, et al. Virtual reality and non-
invasive brain stimulation for rehabilitation applications: a
systematic review. ] Neuroeng Rehabil, 2020, 17(1): 147

Salatino A, Zavattaro C, Gammeri R, ef al. Virtual reality
rehabilitation for unilateral spatial neglect: a systematic review of
immersive, semi-immersive and non-immersive techniques.
Neurosci Biobehav Rev,2023,152: 105248

Ioannou A, Papastavrou E, Avraamides M N, ef al. Virtual reality

and symptoms management of anxiety, depression, fatigue, and



2023; 50 (100

s, %

INET AT AR SETT i F I & A R aE R R ALH

2403

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

pain: a Nurs, 2020,
6:2377960820936163

Chuan A, Hatty M, Shelley M, et al. Feasibility of virtual reality -

systematic review. SAGE Open

delivered pain psychology therapy for cancer-related neuropathic
pain: a pilot randomised controlled trial. Anaesthesia, 2023, 78(4):
449-457

Pozeg P, Palluel E, Ronchi R, et al. Virtual reality improves
embodiment and neuropathic pain caused by spinal cord injury.
Neurology,2017,89(18): 1894-1903

Chi B, Chau B, Yeo E, ef al. Virtual reality for spinal cord injury-
associated neuropathic pain: systematic review. Ann Phys Rehabil
Med, 2019, 62(1): 49-57

Lendaro E, Middleton A, Brown S, et al. Out of the clinic, into the
home: the in-home use of phantom motor execution aided by
machine learning and augmented reality for the treatment of
phantom limb pain. J Pain Res, 2020, 13: 195-209

Maggio M G, Russo M, Cuzzola M F, et al. Virtual reality in
multiple sclerosis rehabilitation: a review on cognitive and motor
outcomes. J Clin Neurosci, 2019, 65: 106-111

Doniger G M, Beeri M S, Bahar - Fuchs A, et al. Virtual reality -
based cognitive - motor training for middle - aged adults at high
Alzheimer’s disease risk: a randomized controlled trial.
Alzheimers Dement,2018,4(1): 118-129

Austin P D, Siddall P J. Virtual reality for the treatment of
neuropathic pain in people with spinal cord injuries: a scoping
review. J Spinal Cord Med, 2021,44(1): 8-18

Austin PD, Craig A, Middleton J W, et al. The short-term effects of
head-mounted virtual-reality on neuropathic pain intensity in
people with spinal cord injury pain: a randomised cross-over pilot
study. Spinal Cord, 2021,59(7): 738-746

Leembhuis E, Giuffrida V, Giannini A M, et al. A therapeutic matrix:
virtual reality as a clinical tool for spinal cord injury-induced
neuropathic pain. Brain Sci, 2021, 11(9): 1201

Matamala-Gomez M, Diaz Gonzalez A M, Slater M, et al.
Decreasing pain ratings in chronic arm pain through changing a
virtual body: different strategies for different pain types. J Pain,
2019,20(6): 685-697

Bruno R R, Wolff G, Wernly B, et al. Virtual and augmented reality
in critical care medicine: the patient’s, clinician’s, and
researcher’ s perspective. Crit Care, 2022,26(1): 326

Hu X S, Beard K, Sherbel M C, et al. Brain mechanisms of virtual

(721

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

reality breathing versus traditional mindful breathing in pain
modulation: observational functional near-infrared spectroscopy
study. ] Med Internet Res, 2021, 23(10): 27298

Zolezzi D M, Alonso-Valerdi L M, Ibarra-Zarate D 1. EEG
frequency band analysis in chronic neuropathic pain: a linear and
nonlinear approach to classify pain severity. Comput Meth Prog
Bio,2023,230: 107349

Tran Y, Austin P, Lo C, et al. An exploratory EEG analysis on the
effects of virtual reality in people with neuropathic pain following
spinal cord injury. Sensors, 2022, 22(7): 2629

Shen J, Gu X, FuJ, et al. Virtual reality-induced motor function of
the upper extremity and brain activation in stroke: study protocol
forarandomized controlled trial. Front Neurol, 2023, 14: 1094617
Huang CY, Chiang W C, Yeh Y C, et al. Effects of virtual reality-
based motor control training on inflammation, oxidative stress,
neuroplasticity and upper limb motor function in patients with
chronic stroke: a randomized controlled trial. BMC Neurol, 2022,
22(1):21

Nambi G, Alghadier M, Kashoo F Z, et al. Effects of virtual reality
exercises versus isokinetic exercises in comparison with
conventional exercises on the imaging findings and inflammatory
biomarker changes in soccer players with non-specific low back
pain: a randomized controlled trial. Int J Env Res Pub He, 2022,
20(1):524

Knotkova H, Hamani C, Sivanesan E, ef al. Neuromodulation for
chronic pain. Lancet, 2021,397(10289): 2111-2124

Hausmann L R M, Youk A, Kwoh C K, et al. Testing a positive
psychological intervention for osteoarthritis. Pain Med, 2017,
18(10): 1908-1920

Bai J, Zhang J, Zhou L, et al. Proteomic analysis of the spinal
dorsal horn in mice with neuropathic pain after exercise. J Pain
Res, 2023,16:973-984

Botella C, Garcia-Palacios A, Vizcaino Y, et al. Virtual reality in
the treatment of fibromyalgia: a pilot study. Cyberpsychol Behav
SocNetw, 2013,16(3):215-223

Aurucci G V, Preatoni G, Damiani A, et al. Brain-Computer
Interface to deliver individualized multisensory intervention for
neuropathic pain. Neurotherapeutics, 2023,20(5): 1316-1329
Zhou W, Ye C, Wang H, ef al. Sound induces analgesia through
corticothalamic circuits. Science, 2022, 377(6602): 198-204



-2404- EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2023; 50 (10)

The Effects and Mechanisms of Cognitive—behavioral Therapy and
Virtual Reality Intervention on Neuropathic Pain”

RUAN Ting-Ting"”, WENG Ming-Qi”, WU Can", BAO Xiao-Ming”,
NIU Yan-Fang”, XU Shu-Jun""
(VZhejiang Provincial Key Laboratory of Pathophysiology, Health Science Center, Ningbo University, Ningbo 315211, China;
DHengjie Township Hospital in Haishu District of Ningbo City, Ningbo 315181, China;
dDepartment of Cardiology, Ningbo No.2 Hospital, Ningbo 315010, China;
Department of Neurology, The First Affiliated Hospital of Ningbo University, Ningbo 315020, China)

Graphical abstract
Cognition Vision
/ \ VR
Behavior ¢ Emotion 2 627
> g
¢ &
Cognitive-behavioral Virtual reality intervention
therapy
Music, relaxation .
training, game. .. N/ Promﬂammatory l
. ) .. cytokines
< _ Anti-inflammatory I
; cytokines
BDNF l /
Distract attention Changes in neuroplasticity Proinflammatory and

anti-inflammatory

and neural circuits . .
cytokines expression

Alleviate neuropathic pain

# This work was supported by grants from Natural Science Foundation of Zhejiang Province (LY23H090005), Ningbo Key Research and
Development Plan Project (20232173, 2022Z147), Natural Science Foundation of Ningbo (2022J118, 2022J250, 2021J250), and the K. C. Wong
Magna Fund in Ningbo University.

## Corresponding author.

Tel: 86-574-87609594, E-mail: xushujun@nbu.edu.cn

Received: August 3, 2023  Accepted: September 1, 2023



2023; 50 (10) BtiEsE, . INF{T AT EE I SLF & T 2 4R B rE A R L 2405

Abstract Neuropathic pain (NP) is caused by lesion or disease of peripheral or central somatosensory system,
accompanied by a certain degree of functional loss and cognitive impairment. Multiple mechanisms are involved
in the occurrence and development of neuropathic pain. Abnormalities in voltage-gated sodium and calcium ion
channels, imbalanced expression of pro-inflammatory and anti-inflammatory cytokines, changes in neural
plasticity and neural circuits, epigenetic regulation and so on lead to abnormal activity of nerve fibers, peripheral
and central sensitization which will result in pain. Pharmacological treatments make vital contributions to
analgesia, but excessive pharmacological treatments often cause serious side effects, or only provide partial pain
relief at tolerable doses. Cognitive-behavioral therapy (CBT) and virtual reality (VR) intervention, as new, non-
invasive and safer alternative therapies for pain, have attracted extensive attention. Cognitive-behavioral therapy
can relieve chronic pain and improve related psychological complications by learning various self-management
skills to establish a correct cognition of pain and reducing pain perception through relaxation training or attention
transfer training. By enhancing the feedback to the patient’s vision, hearing and touch, VR enables the patient to
completely immerse in the virtual three-dimensional space, which helps to reduce the patient's anxiety, pressure,
fear and pain, so as to help the patient recover. In addition, there is a correlation between the immersion degree of
VR and the analgesic effect. In future research, more personalized treatment schemes can be provided based on
VR to achieve better immersion effect and maximum pain relief, promote the recovery of body function, and
improve the quality of life of patients. CBT and VR therapy can alleviate neuropathic pain by diverting attention,
altering neuroplasticity and neural circuits, and regulating the expression of pro-inflammatory and anti-
inflammatory cytokines. Neuropathic pain is often accompanied by other physical dysfunction, such as joint
injury of the upper and lower limbs. Pain is a major reason to hinder the rehabilitation training of patients. CBT
and VR therapy have the characteristics of wide application range, combination of cognition and behavior, and
less limitation induced by physical dysfunction. The combination of CBT therapy, VR therapy, other non-
pharmacological therapies or pharmacological therapies can be used as new potential ways of pain relief.
However, the mechanism of CBT and VR in the treatment of neuropathic pain is not deep enough. Whether they
can regulate ion channels or epigenetic modifications to relieve pain has not been reported. Basic researchers are
encouraged to explore more mechanisms of relieving pain. Neuropathic pain management is still an important
issue that needs to be addressed, and a multidisciplinary and multimodal management strategy based on
pharmacological therapies and non-pharmacological therapies should be implemented. Not only should we
address the issue of analgesia, but we also need to address the psychosocial factors that affect the pain experience
of patients and adversely affect the quality of life and function. This article analyzed the underlying pathogenesis
of neuropathic pain, as well as the analgesic effects and mechanisms of CBT and VR therapy, so as to provide

important theoretical guidance for the treatment and intervention of neuropathic pain.

Key words cognitive-behavioral therapy, virtual reality, neuropathic pain, neuroplasticity, inflammatory
cytokines
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