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The functional magnetic resonance imaging study of acupuncture's impact on the default
mode network in patients with cervical spondylosis neck pain *

GAO Zhen "*, CUI Meng-jie '*, WANG Hai-jun ', ZHANG Jing *, JI Lai-xi * *
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Abstract Objective: To explor the central efficacy mechanisms of acupuncture treatment for cervical spondylosis
(CS) neck pain with functional magnetic resonance imaging. Methods: From March 2023 to May 2024, 40
patients with CS were recruited at Shanxi University of Traditional Chinese Medicine and Shanxi Acupuncture
Hospital (20 cases of the treatment group and 20 cases of the control group) for 6 treatments over 2 weeks.
Additionally, 40 healthy subjects were recruited for 3.0T functional magnetic resonance imaging scans. The visual
analogue scale (VAS) was used to evaluate the efficacy before and after treatment. The fractional amplitude of
low frequency fluctuations (fALFF) and functional connectivity (FC) analysis were used to characterize the central
pathological features of healthy subjects and patients with neck pain, as well as the central response characteristics
before and after acupuncture treatment in both groups. Results: Compared with healthy subjects, CS patients
showed increased low-frequency amplitude in the right middle frontal gyrus (MFG), which was positively correlated
with VAS scores. Following acupuncture treatment, the true acupuncture group exhibited a significant decrease
in VAS scores, along with increased FC from the right MFG to the left precuneus and posterior cingulate cortex.

In contrast, the sham acupuncture group showed less improvement in VAS scores and decreased FC from the
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right MFG to the left MFG and orbital inferior frontal gyrus. Conclusion: True acupuncture may alleviate

pain by modulating abnormal functional connectivity in the default mode network, while sham acupuncture may

be associated with the placebo analgesic effect induced by acupuncture.

Keywords acupuncture; cervical spondylosis; functional connectivity; default mode network
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Table 1 Comparison of baseline characteristics between patients with neck pain and healthy subjects

I RS AIE FIEETTDN fi sz i GilE PiH
Clinical features Neck pain (72 = 40) Healthy subjects (72 = 40) Statistical value P value
iy (B Age (Years) 24.0+3.2 252433 t=-1.58 0.118
5 (72, %) Sex (72, %)
5 Female 15 (37.5% 19 (47.5%
(37.5%) 47.5%) 2°=0818 0.366
1z Male 25 (62.5%) 21 (52.5%)
R2 IRITYURNT IR B LR
Table 2 Comparison of baseline characteristics between the treatment group and the control group
I PRAFAE TBITH o R 2H it P
Clinical features Treatment group (72 = 20) Control group (72 = 20) Statistical value P value
R () Age (Years) 24.0+22 242441 1=-0.193 0.848
TR (72, %) Sex (72, %)
% Female 8 (40%) 7 (35%) ,
7°=0.107 0.744
% Male 12 (60%) 13 (65%)
VAS 45 VAS scores 51£1.3 5.140.7 t=-0.197 0.845

R 3 RTHEA RALAIT R IMRST 2 VAS PF2 HLEL

Table 3 comparison of clinical efficacy VAS scores between treatment group and control group before and after treatment

I} 1) WRITHD BT A GiitE PfE
Time Before treatment After treatment Statistical value P value
¥ 41 Treatment group (72 = 20) 5.14+1.30 3.05+1.50 t=0.279 0.001
X HEZH Control group (72 = 20) 5.1£0.7 4.7+0.7 t=-0.424 0.056
x4 B NFMEREZ I TALFF 22 5 X
Table 4 Difference in brain regions of fALFF between patients with neck pain and healthy subjects
HE X #ﬂ% ﬁ%kd\ MN?iii%c{i%if:ates t{d
Brain area Hemisphere Cluster size t value
X Y zZ
/N4 5 Cerebelum 4 5 i Right 285 18 -48 221 3.8762
A [E] Middle frontal gyrus 7/t Left 67 21 42 30 -3.6858
#irh[a] Middle frontal gyrus #i Right 62 30 30 33 3.9412
HERITH Precuneus /t Left 53 -12 -57 60 -3.3713
T5 N4 A 5] Inferior parietal lobule angular gyrus 41 Right 46 33 -51 54 -2.9732
ffi[5] Angular gyrus F Left 45 -39 -63 27 -3.6051
PR 5% 4107 B [7] Median cingulate and paracingulate gyrus I Left 40 -9 -12 42 3.5708

ZH A 2 #EFE T GRF HriE (KK P < 0.05, #%7K°F P <0.05) ; The values are based on GRF theory correction (voxel-level P < 0.05,
cluster-level P < 0.05).
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Bl U A SRS E A L FALFF 22 555 [X
U 0 S R X LU AR RS2, UM fALFF W T RO s 2060 S omoxt LU i RS2l UMM A\ fALFF B &2
THEHINIX s 3T GRF B IE (RFRKT P<0.05, 5K P<0.05)
Cerebelum 4 5: /NX 4 5; Frontal Mid: %+ [A]; Cingulum Mid: P 1l A1 5% 41145 Jixi [F]; Precuneus: 2 R -5
Parietal Inf: T FZfHHl; Angular: £

Fig. 1 Difference in brain regions of fALFF between patients with neck pain and healthy subjects

Blue indicates brain regions where fALFF significantly decreased in patients with neck pain compared to healthy subjects;
red shows brain regions where fALFF significantly increased in patients with neck pain compared to healthy subjects;
based on GRF correction (voxel-level P < 0.05, cluster-level P < 0.05).

Cerebelum 4 5: Cerebellum 4 5; Frontal Mid: Middle frontal gyrus; Cingulum Mid: Median cingulate and
paracingulate gyrus; Precuneus: Precuneus; Parietal Inf: Inferior parietal lobule angular gyrus; Angular: Angular gyrus.

FJR5 % A\ fALFE fEA VAS T2 FRIAH o 20 Mt

Fig. 2 Analysis of the correlation between fALFF values and VAS scores in patients with neck pain
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Table 5 Differences in functional connectivity brain regions in the treatment group before and after treatment

MNI U A AR

E.EIZ #ﬂ( lilﬁ%j(/.J\ MNI peak coordinates tH
Brain area Hemisphere Cluster size t value
X Y 4
B[l Middle occipital gyrus JE Left 353 -18 -87 12 5.6856
[H EL L Gyrus rectus i Right 100 18 18 -15 5.0138
BRI Precuneus I Left 61 -39 -6 57 3.8635

HIE) 2 AT GRF HriE (RZIKF P < 0.05, #%/KF P <0.05) ; The values are based on GRF theory correction (voxel-level P < 0.05,
cluster-level P < 0.05).

Occipital_Mid_L Rectus_R Precuneus_L
B3 nyT TS DR R ZE i X
2 LEIR YT AT, ORI AIGIT ) FC WLETHRBANIX; 2T GRE BRIk (KFAKF P <0.05, K P<0.05)
Occipital Mid: FLH[Al; Rectus: [FIEl; Precuneus: HZH{H
Fig. 3 Differences in functional connectivity brain regions in the treatment group before and after treatment
Red indicates brain regions where FC significantly increased after treatment compared with before treatment in patients
with neck pain; Based on GRF correction (voxel-level P < 0.05, cluster-level P < 0.05).
Occipital _Mid: Middle occipital gyrus; Rectus: Gyrus rectus; Precuneus: Precuneus.

® 6 XIRAIRIT AT S DAL= R IX
Table 6 Differences in functional connectivity brain regions in the control group before and after treatment

MNI UEEAF A A

5
4
K]
2
1
0]
-1
-2
-3
4
-5

I

H,ER 4:}* ﬂ%j(/'J\ MNI peak coordinates t1d
Brain area Hemisphere  Cluster size t value
X Y zZ
R [A] Middle frontal gyrus Jt Left 141 24 45 12 -4.1448
M 78125 [X. Supplementary motor area i Right 67 3 221 54 -4.5633
HE #6751 5] Orbital inferior frontal gyrus 7t Left 47 33 6 24 -4.1685

H 0 2 RAEEE T GRF #FIE (K P < 0.05, #%/KF P <0.05) 5 The values are based on GRF theory correction (voxel-level P < 0.05,
cluster-level P < 0.05).

5
4
3
2
1
0
-1
-2
-3
-4
-5

Frontal_Mid_L Supp_Motor_Area_R Frontal_Inf_Oper_L

B4 RIS DR R ik X
M SR LR YT AT, ORI BT A FC WG FRERIANIX; 2T GRE BRIE (KZKF P <0.05, K P<0.05)
Frontal Mid: % [Al; Supp Motor Area: #M78iZ3)[X; Frontal Inf Oper: HEXEAT [H]

Fig. 4 Differences in functional connectivity brain regions in the control group before and after treatment
Blue indicates brain regions where FC significantly decreased after treatment compared with before treatment in patients
with neck pain; Based on GRF correction (voxel-level P < 0.05, cluster-level P < 0.05).
Frontal Mid: Middle frontal gyrus; Supp Motor Area: Supplementary motor area; Frontal Inf Oper: Orbital part of the
inferior frontal gyrus.
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