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Abstract

BACKGROUND: Neuroimaging studies have shown that chronic pain could cause functional and structural alterations; however, the neural mechanism of
psychosomatic symptoms caused by chronic discogenic low back pain (CDLBP) remains unclear.
OBJECTIVE: To investigate the alterations of amplitude of low frequency fluctuation (ALFF) of resting spontaneous brain activity in CDLBP patients and their

relationships with clinical symptoms.

METHODS: Resting-state brain functional MRI scans were performed in 67 CDLBP patients (CDLBP group) and 78 age-, sex- and education level-matched
healthy controls (control group). The disease course, Visual Analogue Scale score, Oswestry Disability Index and Self-rating Depression Scale score were
analyzed for CDLBP patients. The average ALFF values of the two groups were calculated using DPARSF and REST software, the differences of ALFF values
between the two groups were compared by independent two-sample t-test, and the relationships between the ALFF values derived from significant regions
and the course of disease and clinical symptoms were analyzed. The study protocol was approved by the Ethics Committee of Second Affiliated Hospital of

Xinxiang Medical University (approval No. 20150210).

RESULTS AND CONCLUSION: Compared with the control group, the regions with significantly increased ALFF values in the CDLBP group included the left insular
lobe, right parahippocampal gyrus, bilateral superior temporal gyrus, left inferior temporal gyrus, bilateral prefrontal lobe, left caudate nucleus and right inferior
frontal gyrus (all P < 0.05, Gaussian random field (GRF) corrected). Compared with the control group, the regions with significantly decreased ALFF values in the
CDLBP group included the right superior orbital frontal gyrus and right lingual gyrus (both P < 0.05, GRF corrected). Correlation analysis showed that the mean ALFF
values in the right inferior frontal gyrus and left caudate nucleus were positively correlated with the Visual Analogue Scale (all P < 0.05). All these findings suggest
that patients with CDLBP have abnormal spontaneous brain activities in multiple brain regions, and these alterations are correlated with the degree of pain.
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Table 1 | Comparison of baseline data between patients with chronic
discogenic low back pain and healthy controls
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Figure 1 | Trial flow chart
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Table 2 | Clinical data of patients with chronic discogenic low back pain
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Table 3 | Clinical data of patients with chronic discogenic low back pain
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Figure 2 | Brain regions with significantly different amplitude of low
frequency fluctuation between patients with chronic discogenic low back

pain and healthy controls
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Figure 4 | Scatter plots of the mean amplitude of low frequency
fluctuation and the Visual Analogue Scale score in different brain regions
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Figure 3 | Three-dimensional map of brain regions with significantly
different amplitude of low frequency fluctuation between patients with
chronic discogenic low back pain and healthy controls

3 iFif Discussion

M MHE R EHARAPIRHERAS S T 1B
IR HEFFRALS ®, th R 78 T B T 5] A
IR RN SE AR AR B8 2 AT R, AR A R AR E TR
LSRG 2 A8 P M o LI 2R, LI PR A R )
I NHEIETT BFARIGTT RN R EUR P, S35 B R %
ST EERTT, FPBURTEREKE. WLRTE. K
FoHm SIA 1A DL B A L 87.1%, i B H ILAIAR
SR, 62 451 L A 19 5 BB (1) SDS AifE 4 T 50 47
HIARIE R A2 3K 30.6%, FHoAth HB3 BARIABHIAVE4y, HE
FEEARES . W5 ODI T REREAT i 1) B3 (>41 43 ) o5
Lt 59.7%, I PR T At 5% A5 7™ 2 1 6 < i 2 26 () AR S5 AN
R 25 SN . RAYNER 25 9 BfF 5 J B0 P G £8 2 (R0 S i

Chinese Journal of Tissue Engineering Research | Vol 25 | No.8 | March 2021 | 1163



MRIFEE

BN AL 60.8%, BLIKBTFLAE RS HAMEL, #— P RIK
SO P PR S A AR AR L BB P A O B IR AR
3.1 fRIIRMSANG Sy X SIEW AL, 18 A A
T PR 5 I I v 10 g XA 43 2 ) B o A (i
G55 mE R MR, M ERE, JRRIXLE
I DX B R i B 2 5. By A RGE . R AR
SR, EEBHER KA. BERERRS
PIHRIE B A RS2 A B, 18 T T R 1) B B
Wag, H SRR RIEA R P )i Rt g R ong
R G 35 £ 2 (0 5 5 e AL K D RE RS A, 0 AT e
SRR SR 1 G SON RS A 0. ZHOU 28 P 1 5 Ak
(1) L5 T TS 587 (1 [T A R s X 22 S, R A L
5 &y SR Y 0 2 AN IR AR R B G, 5 BT
SR B oM R UIR I B0 P RE S R LA
Ao FREEEA RIELA K

e 55 RN G RGN ORI IR, 5 2RI FH
WG R U 06 B, B R A B 2 R
Pl 2 DR 3R I S o A A P v W R B O A8
PRI B ERHE B LR FE AP AR A IR AR T R
A B 55 0] (Y B A A 20 s B R, HED AT REE th T
B IR T B VAR IR I AL 5, T AR e A
ZHANG %5 " RFFFCR I, 1S TR R B TE EORR S R
55 [ R AR IR E B ARRIR ST /i, S IRk e s R — 2
BE—ID SRR TG ARG REAE P, U R PR R
KAFEZAEM . Behh, HET 2R Hr Th BT 7Tt R,
FENGPEPIWTC R, 1 55 [l 52 Py OUREE R r 5 DL F) S5 i
Xz—, HERZT I RERRAE R ™. W52
AL E GRS A R Y, BT RRIL, S
XA EE M) 25 T LI S A5 POt e 55 M DX AR AR
A e Y, S SO UL A ZE R Tl
(11 B A AP LSS — B St P ME IR 5 T e A
BT LI AT REAFAE R

R AN S A EE RN X, 2 55 2] DL PR
T, IS MR T Sl R e FE AR O % WF 7 R LS P A
[ LR T MR A8 IR A% 1) ) R 0 Bl I i 2L i
S5, 5K MRIRTFU A BT i 5 i R IR A% K ot
PRI, B DA R ARAX IR 450 [ D e S 0 m] e AE 1 PR
R A P R R A AR B (R TR A R R S A
(f—&B5r, SeRiWi R, JLERMEAT S 5 51,
FELEPERIS BT B IR BTN, SRR AR DU 4
THRE AL T AL, T HR ™ EANAIAE . AR FEAE S5 RS A
T 0 A TR B S I T A e A T 5 U R R R
WIRZI S 2 iEs, RS M BLIMAL . .0 Bk
FEARAT 5%

5 AUAR b, A8 P AE 1) 8 Y5k T R B R AIR
L8 v 10 ik DX B AR O BRI A A [l TR B
B R RS A ST 2 S AR R AR 1 5 2R R ™ R B DA

1164 | PERRATIEHAR | 5525% | 5588 | 2021548

S B, R 3 B R AR T S TG B, R DL
A 518 AR e SR A I T e A A RO A X B, sk
B 5 20 B e IO T 6 R U A R — B
IR st a5 WAL, SRR ATAT Dh R S B R T AR S 1
NI RFA . mit RN, AT 1 Ih e E R fE &
SRR p Sl AR L AR AT 25AE MY phAt, T BA R
T % T 141 25 5% HE A BTG BB AR HE 0 A B B Y,
PRI AR () 45 40 S0 T R DO Re = i 1 kAl AR [l 5 1
PR AT ik B AR O 2, SR WA 7 v A5 R B R
P TE IG5, 2R ISP P 5] R T 4% T R B
W [FIIT, IR X BN R BRI M 2% (default mode
network, DMN) [ EZAEH 5, 25 m BN G A5
P8P 2 T 1R I AR T R R BRI
I 265 1) Ty R 20 7 o5 2 W 08 PR P TR IR A T R ) 4 A5 R 2
TR, TR B TR IR R E E R T A S
FREEAWT B, AT BT BRAA R S 2 . TU 25 ™ B ok
T T TR S5 1) N O T e BR DA X 9 2% 2T ) T
BRI, W e 5 O R AL R f P e
FREEAH DG . 53 A B 70 BRI 5 ) 4% (1 i IR IR S Th e e 2
5% R BB ST 4B B B, SRR BRI 4% 1) S
A fe 5 BB RS AL T 1S BA A K.
3.2 IRIAIRRAEARAKG X SIEE AL, 1 A AR
T JEE G B AR AR O (L 9 1K 1 i DX 58 A 0] I 85 [l
Wl AT RN HER R I A 5 2 H R A A I 2
BN IX, A8 A (] A T TR A HE N AL B ) B R R
TG BN T BE 2 g1 RIS M P Hh T R, AT A
o ek 55 . 2RI U R 4R H R T R R A
A IR A R S A X AR AR M B R A, X 5 i A
SERAR— 3 L FUE e A P AE 1) B R 14 T B S
[FIF & T DhRETE S LR, ©4 Rk, BT E R DIEE
HRIZHA, R ARSI . AF AR 2 (R AP 4
I —E 0y, BRI BT R AT A U, IS A
RAF B FHARL A B A O
33 LHAERmALENARESATER B IEMER A IENE T ER
SR A AT AR IR A =5 VAS 4 RIEAHSG, &
HHBE G AR R (3G, R A AT (B B R PR VS 30
R, PRI PR 22 T AT 35 02 0 X I A 1 1 A2 1 7
S5 T A M T 5 R N B R RO AR . sk I
Tt 55 [ERE i IO 32 43 A D800 [l bk 2 (IR AR R A 5 VAS
VRO RIEARDG, XA R AEE R A SRR, A METT
[5] (1) T e 7% 20 570 AT B 5 T TR A I R IR A7 — 2 1
FHOGME. BEAh, A RARAZ ) B R A E TG )55 555 VAS P55
Z AN BCIEAR G, $os 20 R RAZ (4 3 B8 3% 21 508 1T X 1
Ao 0 P M D) R e A T I R AR L — 2 &
B AR, 5 UARIE SR B Ih RS E R S RORE 2
TEAHSRAN ] ¥, IR 70 A e T 05 25 R A 2 S5 i X BT
PRGBS P FL S 2 (R AH e, X B R I T 18 A



[F) LA T RS A e 2 LA P S vk

LR PR, R TR BIUME R SR S BURAR I T
PEIERBRT SRS 2 16 X B R iE sl e, BUE 2N
X DIRESZ BIFM,  FF AT MAT (8] K 7 M R IRAZ FR AR
W (B 5 PR IR, XA RE R MR R B . 4&
8 S O B IR AE IR A AR R BRI . X 8 R I A e PR S T 2%
BITRME TITERI AR AR . (T FT AR AE — L8 SR BR A
B, WETREARETIRUN, TR GE T B 45 R
e mfRe s Rk, BRSO BEBTRE 7T, REATIRST S Ik
ThREREVIWETE, Toikfe N Msh &M 8424k, A RrEs
KM Ja SR Tt — P e .

TEETRER: 24, RAB. R f Rkt SA A TELN B4
ARB. A £BEGTEREBEETAE,

BB ZXFELT “Fdl BEALEORR 8 F8 (201303111).
4 EFRE W B E RS AM KB B (201505)” 45480, FIAAEH % 9,
B XIFIRA R LE N E A x T F AR B LE R e it AT AR

FIEHZE: LFAAL FY, EREARLFALFRFILT RAE
AEAR.

HARIBEIE: AT ECRTH I EFRE-MBEREFHEL
R &6 4 (163245 20150210),

MBRIEBEE: A XA AR A Sl L REZ R E .

NEEE: LFHRATCLEE LRI G LHENALIITIAREE.

XEIE: XFLDRUTINT ERRFINT, RATFOAA X FHEH
FIEAGRE.

SCERR: T HRRAT A & O A RE R SRALE T RRARAR K L.

FGRENEERR: X R — B AORRLFE, B (iR T F Ty “F
4 - ER bR A - AR REF 407 L2k, ASEIIAMELT, Aifte
AVVAER LM B 8GR T RILA B%E. Ay &, BN AR P HE.
TH. EN. Fid, 4790, k. RUEIEK, FhxET R, AK
AT GG NSRBI C AT AR R 1,

4 BE L References

[1] SIMON J, MCAULIFFE M, SHAMIM F, et al. Discogenic low back pain.Phys
Med Rehabil Clin N Am. 2014;25(2):305-317.

[2] GEURTS JW, WILLEMS PC, KALLEWAARD JW, et al. The Impact of Chronic
Discogenic Low Back Pain: Costs and Patients’ Burden. Pain Res Manag.
2018;2018:4696180.

[3] DEPALMA MJ, KETCHUM JM, SAULLO T. What is the source of chronic low
back pain and does age play a role?. Pain Med. 2011;12(2):224-233.

[4] Rk, scE, BT, 55 . ARELE PRI A O R FA IR
IT VRIS D). P E 24U TR 7T ,2012,16(17):3095-3099.

[5]  RICME, RN, Ehak, 55 . AR U CF R AMAR S 25 5 R Ik KR
AERI LA D). FEAT R 2R ,2003(5):63-64.

[6]  SROTHE, BABENY , Bhak , S5 . PR ACHIARAE G5t 28 B HEHE N i DIRA 57
IR (92 )], TR E IR BE A ,2004,8(35):8102-8104.

(71 BRletg, EH7 . EHERIE I AR B AL A Rtk B s (R 2% AT (M)
o [E G I 2 2% 35 ,2014,20(6):437-440.

[8] SHEN W, TU Y, GOLLUB RL, et al. Visual network alterations in brain functional
connectivity in chronic low back pain: A resting state functional connectivity
and machine learning study. Neuroimage Clin. 2019;22:101775.

[9] HUANG S, WAKAIZUMI K, WU B, et al. Whole-brain functional network
disruption in chronic pain with disk herniation. Pain. 2019;160(12):2829-2840.

[10] RXEH, FORLE, SE55 , &5 | AR 458 H TS0 RERE SR S S AT [ 2
REIEH N RS D BEREERBUSIT 7E D] IR PRI 244 & ,2019,38(6):

992-997.
(11] X, KSR, JAARIR . MR o 5 i 2 R i B SRR

FRAGTEFE D], W R 2 44 & ,2019,38(11):2015-2020.

[12] ZHOU F, WU L, GUO L, et al. Local connectivity of the resting brain
connectome in patients with low back-related leg pain: A multiscale
frequency-related Kendall’s coefficient of concordance and coherence-
regional homogeneity study. Neuroimage Clin. 2019;21:101661.

(131 #1=% . HEE AR TR S RS fMRI R —BUERT 7 L], P E
VHEE 45 & 5045 5 2k & ,2020,18(1):22-25+29.

[14] ZHANG B, JUNG M, TU Y, et al. Identifying brain regions associated with the
neuropathology of chronic low back pain: a resting-state amplitude of low-
frequency fluctuation study. Br J Anaesth. 2019;123(2):e303-e311.

[15] CHEN X, LU B, YAN CG. Reproducibility of R-fMRI metrics on the impact of
different strategies for multiple comparison correction and sample sizes.
Hum Brain Mapp. 2018;39(1):300-318.

[16]

(17]

(18]
(19]
[20]

(21]

(22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]
(34]
(35]
(36]
(37]

(38]

(39]

[40]

[41]

[42]

[43]

(44]

[45]

[46]

[47]

(48]

AN, RAE , W, S5 N T T A A S S T RE TSR RS v
BNZERAFFL (). WU %2k % ,2019,38(5):768-772.

WANG JJ, CHEN X, SAH SK, et al. Amplitude of low-frequency fluctuation
(ALFF) and fractional ALFF in migraine patients: a resting-state functional
MRI study. Clin Radiol. 2016;71(6):558-564.

WHE, 255235, B, 45 . # A2 FMRI IS A 1t = S 280 HU o Y
B R HIES) (). B BB HOR ,2016,32(7):1020-1025.

CHAO-GAN Y, YU-FENG Z. DPARSF: A MATLAB Toolbox for “Pipeline” Data
Analysis of Resting-State fMRI. Front Syst Neurosci. 2010;4:13-20.
ASHBURNER J. A fast diffeomorphic image registration algorithm.
Neuroimage. 2007;38(1):95-113.

LI T, ZHANG S, KURATA J. Suppressed descending pain modulatory and
enhanced sensorimotor networks in patients with chronic low back pain. J
Anesth. 2018;32(6):831-843.

FAIRBANK JC, PYNSENT PB. The Oswestry Disability Index.Spine(Phila Pa
1976). 2000;25(22):2940-2952.

MARTUCCI KT, MACKEY SC. Neuroimaging of Pain: Human Evidence and
Clinical Relevance of Central Nervous System Processes and Modulation.
Anesthesiology. 2018;128(6):1241-1254.

YANG Q, WANG Z, YANG L, et al. Cortical thickness and functional
connectivity abnormality in chronic headache and low back pain patients.
Hum Brain Mapp. 2017;38(4):1815-1832.

LIU KC, YANG SK, OU BR,et al. Using Percutaneous Endoscopic Outside-In
Technique to Treat Selected Patients with Refractory Discogenic Low Back
Pain.Pain Physician.2019;22(2):187-198.

RAYNER L, HOTOPF M, PETKOVA H, et al. Depression in patients with chronic
pain attending a specialised pain treatment centre: prevalence and impact
on health care costs. Pain. 2016;157(7):1472-1479.

TR, R, XA, & B E SRS T R e E T R R
SO )], R R 2 R 2k R ,2013,35(9):691-695.
RODRIGUEZ-RAECKE R, IHLE K, RITTER C, et al. Neuronal differences between
chronic low back pain and depression regarding long-term habituation to
pain. Eur J Pain. 2014;18(5):701-711.

ZHOU F, GU L, HONG S, et al. Altered low-frequency oscillation amplitude of
resting state-fMRI in patients with discogenic low-back and leg pain. J Pain
Res. 2018;11:165-176.

CHEN S, DONG D, JACKSON T, et al. Trait-based food-cravings are encoded
by regional homogeneity in the parahippocampal gyrus. Appetite. 2017;
114:155-160.

VACHON-PRESSEAU E, TETREAULT P, PETRE B, et al. Corticolimbic anatomical
characteristics predetermine risk for chronic pain. Brain. 2016; 139(Pt 7):
1958-1970.

AYOUB LJ, BARNETT A, LEBOUCHER A, et al. The medial temporal lobe in
nociception: a meta-analytic and functional connectivity study. Pain. 2019;
160(6):1245-1260.

SR, S0, XA, 5 B R S IMRI I Th B R & — 2
PERTS D). shAERh R 524 36 ,2013,12(5):506-510.

BT, AW, EE, RIS R AT R BT AR
HOTE A 2740 ). B 7 BERFR 22241 ,2016,36(8):1041-1047.
SCHULTZ W. Reward functions of the basal ganglia. J Neural Transm (Vienna).
2016;123(7):679-693.

GUNAYDIN LA, KREITZER AC. Cortico-Basal Ganglia Circuit Function in
Psychiatric Disease. Annu Rev Physiol. 2016;78:327-350.

OUCHI K, WATANABE M, TOMIYAMA C, et al. Emotional Effects on Factors
Associated with Chronic Low Back Pain. J Pain Res. 2019; 12:3343-3353.
MATSUO Y, KURATA J, SEKIGUCHI M, et al. Attenuation of cortical activity
triggering descending pain inhibition in chronic low back pain patients: a
functional magnetic resonance imaging study. J Anesth. 2017; 31(4):523-530.
IHARA N, WAKAIZUMI K, NISHIMURA D, et al. Aberrant resting-state
functional connectivity of the dorsolateral prefrontal cortex to the anterior
insula and its association with fear avoidance belief in chronic neck pain
patients. Plos One. 2019; 14(8):e0221023.

KONG J, SPAETH RB, WEY HY, et al. S1 is associated with chronic low back
pain: a functional and structural MRI study. Mol Pain. 2013; 9:43.

HEJMER], XY VBM hof I 5 H A5 A R I 5 44 (A 9 D).
rh1[E CT A1 MRI 2% & ,2018,16(6):123-126.

HE BJ, SNYDER AZ, VINCENT JL, et al. Breakdown of Functional Connectivity
in Frontoparietal Networks Underlies Behavioral Deficits in Spatial Neglect.
Neuron. 2007;53(6):905-918.

RAICHLE ME. The brain’s default mode network. Annu Rev Neurosci. 2015;
38:433-447.

TU Y, JUNG M, GOLLUB RL, et al. Abnormal medial prefrontal cortex
functional connectivity and its association with clinical symptoms in chronic
low back pain. Pain. 2019;160(6):1308-1318.

BECKER S, GANDHI W, POMARES F, et al. Orbitofrontal cortex mediates

pain inhibition by monetary reward. Soc Cogn Affect Neurosci. 2017;12(4):
651-661.

BOCCIA M, NEMMI F, GUARIGLIA C. Neuropsychology of Environmental
Navigation in Humans: Review and Meta-Analysis of fMRI Studies in Healthy
Participants. Neuropsychology Rev. 2014; 24(2):236-251.

TR, SR3C, AR, S . i S Th B R L SR AT I e
Fe ). A R4k 6 ,2017,32(2):140-145.

BALIKI MN, MANSOUR AR, BARIA AT, et al. Functional reorganization of
the default mode network across chronic pain conditions. Plos One.2014;
9(9):106133.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.8 | March 2021 | 1165



