
O R I G I N A L  R E S E A R C H

Imaging Study on Acupuncture Inhibiting 
Inflammation and Bone Destruction in Knee 
Osteoarthritis Induced by Monosodium 
Iodoacetate in Rat Model

Qian Tan 1,* 
Zhengkun Cai 2,* 
Jia Li 3 

Jing Li1 

Hongchun Xiang 1 

Bocun Li1 

Guowei Cai1

1Department of Acupuncture, Union 
Hospital, Tongji Medical College, 
Huazhong University of Science and 
Technology, Wuhan, People’s Republic of 
China; 2Department of Public 
Administration, Huazhong University of 
Science and Technology, Wuhan, People’s 
Republic of China; 3College of 
Acupuncture and Orthopedics, Hubei 
University of Chinese Medicine, Wuhan, 
People’s Republic of China  

*These authors contributed equally to 
this work  

Objective: We aim to explore whether acupuncture inhibits inflammation and bone destruc
tion in rat model monosodium iodoacetate (MIA)-induced knee osteoarthritis (KOA) by 18F- 
fluorodeoxyglucose (18F-FDG) small-animal positron emission tomography (PET) and 
micro-computed tomography (CT) imaging.
Methods: KOA was induced in rats by intra-articular injection MIA (2 mg/50 μL) through 
the right knee of the rats. Forty male Sprague Dawley rats weighing 280 to 340 g (12 weeks 
old) were randomly divided into four groups including Control group, KOA group, KOA 
plus manual acupuncture group (KOA+MA), KOA plus sham acupuncture group (KOA 
+SA). The acupuncture treatment lasted for three weeks (one-day rest after six days of 
treatment). Paw withdrawal threshold test and open-field test were used to assess mechanical 
allodynia and locomotor activity respectively for once a week. Hematoxylin and eosin 
(H&E) staining was used to assess the damage of the cartilage, synovium and infrapatellar 
fat pad (IFP). 18F-FDG PET was performed to quantify joint inflammation. The influence on 
the subchondral bone in these rats was confirmed by micro-CT.
Results: Mechanical hyperalgesia, joint inflammation, and obvious bone destruction were 
observed in the KOA group. H&E staining of the knee joint found that manual acupuncture 
played a protective effect in cartilage, synovium and IFP destruction. However, compared 
with KOA group, the results in sham acupuncture had no significant difference. After manual 
acupuncture treatment in KOA rats, inflammation was significantly suppressed shown by 
18F-FDG PET imaging. Micro-CT analysis of the knee joint revealed that manual acupunc
ture protected bone by inhibiting osteophyte development and subchondral bone remodeling.
Conclusion: The results of 18F-FDG PET and micro-CT showed that manual acupuncture 
inhibited inflammation and bone destruction, which provides reliable evidence for the 
effectiveness of acupuncture in hindering development of KOA, and provides reliable 
evidence for clinical application of acupuncture.
Keywords: osteoarthritis, acupuncture, PET, micro-CT, inflammation, bone destruction

Introduction
Osteoarthritis (OA), a common skeletal and muscle disease, is one of the main 
causes of global disability.1 The number of patients with the prevalence and the 
incidence increase with age has increased to more than 240 million worldwide.2 

While the knee joint is the most common site affected in OA.3 The clinical 
manifestations of knee osteoarthritis (KOA) are joint pain, swelling, stiffness and 
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even dyskinesia,4,5 which affects the quality of life of 
patients and aggravates the medical burden of society.6 

Variety of physiological and mechanical factors affect the 
occurrence and development of KOA, involving age, sex, 
obesity, heredity trauma, and mechanical stress.7

The characteristic case changes all tissues in knee of 
KOA include articular and meniscal cartilage degeneration 
and loss, subchondral bone changes, synovial joint 
inflammation8 and infrapatellar fat pad (IFP) inflammation 
and fibrosis.9 Inflammation is strongly implicated in the 
pathogenesis of KOA,10 because KOA is correlated with 
aging mechanisms such as the presence of an inflamma
tory microenvironment and the impaired link between 
inflammasomes and autophagy.11 Previous studies12–15 

have reported that inflammation develops within the joint 
structures, the formation of which is associated with the 
activation of numerous immune cells which secrete 
cytokines amplifying the inflammatory process, including 
tumor necrosis factor alpha (TNF-α) and interleukin (IL), 
such as IL-1β.IL-6, IL-8 and so on. One study16 suggested 
that conditioned media from all tissues of OA patients 
produced high levels of IL-6, IL-8, and CCL2. CCL21, 
MMP-3, which means all tissues of joint participate in 
inflammatory process. Meanwhile, There is increasing 
evidence17 that subchondral bone plays an important role 
in the progression of OA in recent years. Recent 
studies18,19 showed that there are distinct microstructural 
alterations in subchondral bone at different stages of OA. 
Bone homeostasis is maintained by a balance between 
bone remodeling, osteoblastic bone formation, and osteo
clastic bone resorption.20 Once subchondral bone is 
destroyed, bone homeostasis would be broken, which is 
involved in the pathophysiology of OA at the biochemical 
and mechanical levels. Intra-articular injection of mono
sodium iodoacetate (MIA) is a chemical method to induce 
KOA,21 which inhibits the activity of glyceraldehyde 
3-phosphate dehydrogenase in chondrocytes, resulting in 
the destruction of glycolytic pathway.22 Because the site of 
injection is restricted to the joint space, intra-articular 
injection of MIA causes mainly chondrocyte cell death, 
leading to cartilage degeneration and subsequent subchon
dral bone alterations.23 Furthermore, this model is widely 
used for pain research and efficacy evaluation of therapeu
tic interventions.24

At present, the etiology of KOA remains unclear and 
there is no radical cure for KOA.25 The aim of treatment is 
mainly limited to relieving knee pain, enhancing mobility 
and function. Acupuncture is one of the most popular 

treatments applied in traditional Chinese medicine, which 
has been generally applied to relieve pain in musculoskeletal 
diseases.26 In recent years, acupuncture has been widely 
used to treat KOA, and its effectiveness and safety have 
been abundantly proved in clinical and experimental 
studies.27,28 Despite being mature technology, the exact 
mechanism of acupuncture is still unclear. Meanwhile, few 
researchers aim to observe the therapeutic effect of the KOA 
animal model through imaging analysis. In this study, our 
aim was to investigate the effectiveness of acupuncture in 
the treatment of KOA from the perspective of imaging. 
Therefore, positron emission tomography (PET) and micro- 
computed tomography (CT) will be used to investigate the 
protective effects of acupuncture on inflammation and sub
chondral bone in KOA rats in our study.

Materials and Methods
Animals and Model Induction
Studies were conducted in accordance with the Chinese 
Guidelines of Animal Care and Welfare. Approval was 
granted by the Animal Care and Use Committee of 
Hubei University of Chinese medicine (Wuhan, China) 
for all animal procedures. For all animal experiments, the 
experimenters assessing the outcomes were blinded to the 
intervention. Forty male Sprague Dawley rats weighing 
280 to 340 g (12 weeks old) were group housed in 
a room with controlled temperature (22±2°C) under 
a reversed 12-hour light/dark cycle, and the rats had free 
access to food and water. The rats were divided into four 
groups by random number method: Control group 
(Control, n=10), KOA group (KOA, n=10), KOA plus 
manual acupuncture group (KOA+MA, n=10), KOA plus 
sham acupuncture group (KOA+SA, n=10). Rats were 
briefly anesthetized with isoflurane and received either 
intra-articular injection through the infrapatellar ligament 
of the right knee with monosodium iodoacetate (MIA; 
2 mg/50 μL, in saline, KOA group) or saline (50 μL, 
Control group) using a 27-gauge, 0.5-inch needle.

Acupuncture Treatment
One week after intra-articular injection of MIA, the rats of 
KOA+MA group were treated with 0.30 mm×13 mm acu
puncture needles, which were inserted into an acupoint on 
the right with a depth of 5 mm. The acupoint named 
“Zusanli” (ST36), located at 2 mm lateral to the anterior 
tubercle of the tibia and 5 mm below the capitulum fibulae 
under the knee joint in the rats. The needles were frequently 
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manual rotated for one minute every five minutes. This 
procedure is repeated for six times (total time is 30 minutes) 
during the manipulation session. Stimulation was performed 
once daily for a period of three weeks (one-day rest after six 
days of treatment). For KOA+SA group, sham acupoint (1– 
2 cm lateral to the ST36 for rat) was selected in ipsilateral 
side. The time of operations and penetration depth in sham 
acupuncture were the same as the manual acupuncture 
group, but needles were not manually twisted in sham acu
puncture. These treatments were performed without anesthe
sia. The experimental timeline was shown in Figure 1.

Positron Emission Tomography (PET) 
Imaging
No rat death was observed during the experiment. After 
the last treatment, four rats in each group were randomly 
selected for PET imaging. The rats were fasted overnight 
before the PET scan. Anesthetized by inhalation of 2% 
isoflurane, rats were injected with 500±25 μCi 18F-FDG 
(Wuhan Union Hospital PET Center) through the tail vein. 
After 60 minutes of FDG uptake, the anesthetized rats 
were fixed on the scanning bed for 21-minute micro-PET 
scan by the Trans-PET Bio Caliburn 700 system (Raycan 
Technology Co., Ltd, Suzhou, China). The PET images 
were reconstructed using the three-dimensional (3D) 
OSEM (iteration number was 2, subset number was 12) 
method with a voxel size of 0.5×0.5×0.5 mm3. Gaussian 
image post-filtering can be applied with the following 
parameters: none, low (window size = 3, sigma = 1). 

Images were displayed with software Carimas (Turku 
PET Center, Turku, Finland), AMIDE (Amide’s 
a Medical Imaging Data Examiner) and Pmod (Pmod 
Technologies LLC, Switzerland). The mean standardized 
uptake value (SUV) was calculated using the following 
formula: mean pixel value with the decay-corrected 
region-of-interest activity (μCi /kg)/(injected dose [μCi]/ 
weight [kg]).

Micro-computed Tomography (CT) 
Imaging
The rats were euthanized with CO2, and the right knee 
joint of the rats was dissected and fixed in 4% parafor
maldehyde (PFA). Micro-CT was used to evaluate the 
tibial subchondral bone in the rat specimens. A Bruker 
SKYSCAN 1276 scanner micro-CT system (Bruker, 
Karlsruhe, Germany) was used to image the subchondral 
bone regions in rats at a voltage of 85 kV and a current 
of 200 μA to obtain images having a pixel size of 10 μm 
and using 1 mm Al filter to capture the best X-ray 
projections, with the platform software being used to 
assess three-dimensional (3D) morphometric analyses, 
density, and other parameters. We reconstructed and 
analyzed the 3D structure and morphometry in a double- 
blind manner. The area between the proximal tibia and 
the distal femur was selected for analysis of the follow
ing parameters: trabecular bone volume fraction (BV/ 
TV), trabecular spacing (Tb.Sp), trabecular number 
(Tb.N), and trabecular thickness (Tb.Th).

Figure 1 Experiment timeline. KOA was induced in rats by intra-articular injection MIA (2 mg/50 μL) through their right knee, while the rats in the Control group were 
injected with saline at the same position. Rats in experimental groups were underwent following treatments: manual acupuncture or sham acupuncture treatment was 
performed at the seventh day after modeling and lasted for three weeks. Nociceptive behavioral tests were measured once a week until the treatment was completed. After 
the last treatment, four rats in each group were randomly selected for 18F-FDG PET imaging. Micro-CT were operated after the rats were sacrificed.
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Histopathological Analysis
Following micro-CT scanning, tissues were fixed with 4% 
PFA, decalcified in 10% EDTA, embedded in paraffin. 
Then sagittal sections with a thickness of 5 µm were 
prepared. Histopathological change of knee joint was 
observed under an optical microscope after hematoxylin 
and eosin (H&E) staining. Synovial hyperplasia, inflam
matory infiltration, and infrapatellar fat pad (IFP) fibrosis 
were analyzed by H&E staining, including cartilage, syno
vium and infrapatellar fat pad. Meanwhile, according to 
the Mankin scoring standards29 (Table S1), the pathology 
the cartilage was calculated. Synovial inflammation was 
assessed by histopathological synovitis score according to 
the status of tissue architecture and pathological change in 
H&E staining30 (Table S2).

Nociceptive Behavioral Tests
Severity of joint pain was quantitatively evaluated by paw 
withdrawal threshold using Electric Von Frey (IITC Life 
Science Inc., CA, USA). Rats were individually placed in 
metal cages, which allowed full access to the paws, and 
the rats were acclimated at least 30 minutes before the test. 
After the rats were quiet, the probe was applied perpendi
cularly the mid-plantar surface of the right hind paw to 
evaluate the withdrawal threshold. Until the force elicited 
a nocifensive response (ie, paw lifting, jumping), data was 
recorded on the display screen. This procedure was 
repeated three times with an interstimulus interval of 
three minutes. The mean values of the three tests were 
used for statistical analysis.

Locomotor Activity Test
Open-field test was used to evaluate the alterations in 
locomotor activity. Prior to testing all rats were transferred 
to the testing room followed by a 30-minute acclimatiza
tion period. The rats were placed at the center of a 
1×1×0.5 m chamber and allowed free exploration for five 
minutes. During this period, the locomotor activity of the 
rats was recorded using a digital camera placed above the 
open field apparatus which was connected to a computer. 
The computer would save and measure activity data, 
including total distance, average speed, and rest time. 
The measurement frequency was once a week.

Statistical Analysis
GraphPad Prism (version 8.3.0; GraphPad Software Inc., 
San Diego, CA, USA) was applied to statistical analysis. 

The results were expressed as mean ±standard deviation 
(SD). Comparisons between different groups were ana
lyzed by one-way analysis of variance (ANOVA) with 
Dunnett’s multiple comparison test or two-way ANOVA 
with Tukey’s multiple comparison test with repeated mea
sures, followed by post hoc Šidák’s multiple comparison 
tests. Bonferroni post hoc tests were used for multiple 
comparisons. P<0.05 was considered to be statistically 
significant.

Results
MA Inhibits the Joint Inflammation in 
KOA Rats
PET was used to show the changes of glucose metabolism, 
which indicated the degree of joint inflammation31 We 
obtained transverse, sagittal and coronal view of 18F- 
FDG PET scan of rat right knee joints (Figure 2A). All 
the ROIs (region of interest) assessed in the right knees of 
KOA group, comparing to the Control group presented 
with significantly higher FDG uptake quantified by 
SUVmax (P<0.01). Compared to the KOA group, the 
rats of the KOA+MA group showed lower uptake of tracer 
(P<0.05). The difference of SUVmax between the KOA 
group and KOA+SA group did not reach statistical sig
nificance (P>0.05) (Figure 2B).

MA Inhibits the Joint Bone Destruction in 
KOA Rats
Micro-CT was used to quantify the structural changes in 
the tibial subchondral bone in these rats. Reconstructed 3D 
micro-CT images of knee joints in each group were shown 
in Figure 3A and B, typical 3D reconstructed micro-CT 
images of the proximal tibial metaphyseal trabecular bone 
in different groups. Compared with the Control group, the 
scan results showed that the KOA group and KOA+SA 
group exhibited obvious bone destruction, which was man
ifested as an increase in tibial subchondral osteolysis. 
Meanwhile, the number and connection density of sub
chondral bone trabeculae decreased, and the bone trabecu
lae were sparse and disorderly distributed in the KOA 
group. The bone destruction phenomenon was signifi
cantly improved after treatment with manual acupuncture. 
Statistically, the values of BV/TV, Tb.N and Tb.Th of the 
model group were downregulated (P<0.01), and the values 
of Tb.Sp were upregulated than the Control group 
(P<0.01). Meanwhile, compared with the model group, 
the manual acupuncture group prominently increased the 
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values of BV/TV, Tb.N and Tb.Th (P<0.01), while the 
value of Tb.Sp showed the opposite results (P<0.01). 
However, the parameter analysis of rat knee micro-CT 
between the KOA group and the KOA+SA group had no 
significant difference (P>0.05).

MA Inhibits Cartilage, Synovium and IFP 
Destruction in KOA Rats
Gross microscopy was used to observe the damage of the 
articular cartilage in the knee joint of rats after treatment. 
H&E staining was applied to assess the histopathological 
change of cartilage, synovium and IFP. The keen joint in 
KOA group and KOA+SA group showed severe cartilage 
injury, while manual acupuncture significantly alleviated 
injury (Figure 4A). There was no histopathological varia
tion in the joint of normal rats which showed normal 
histological structure of the cartilaginous articular surface 
and synovial membrane, but significant degradation of the 

cartilage layer and inflammatory cells infiltration as well 
as congested blood vessels were demonstrated in the knee 
joint of KOA group. Cartilage destruction was promi
nently alleviated in the KOA+MA group, while cartilage 
destruction of the rats did not ameliorate in the KOA+SA 
group (Figure 4B). The results of Mankin scores in each 
group were shown in Figure 4E. KOA+MA group was 
significantly lower than the KOA group and KOA+SA 
group, while the KOA group and KOA+SA group had 
no significant difference, which reflected the change of 
cartilage tissue. Meanwhile, compared with the Control 
group and KOA+MA group, synovial cell layer was 
thicker and the cell density of the matrix increased in the 
KOA group and KOA+SA group (Figure 4C). The syno
vitis score results were consistent with the above results 
(Figure 4F). The hyperplastic changes in the IFP surface 
and the fibrosis of IFP were showen in Figure 4D in the 
KOA group and KOA+SA group. However, the IFP 
destruction was significantly improved after the treatment 

Figure 2 Effect of MA on inhibiting inflammation in KOA rats. (A) 18F-FDG PET imaging of mouse right knee joints from transverse, sagittal, and coronal views. 
Inflammatory site (white arrow). (B) Region of interest (ROIs) 18F-FDG SUVmax from each group. Data are presented as the mean ±standard deviation, n=4/group; Two- 
way ANOVA was used. KOA group vs Control group (**P<0.01); KOA+MA group vs KOA group (#P<0.05); KOA+MA group vs KOA+SA group (†P<0.05), KOA+SA group vs 
KOA group (no significant difference. P>0.05).
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with manual acupuncture. These results suggested that 
manual acupuncture could alleviate the damage of carti
lage, synovium and IFP in KOA.

MA Alleviates Mechanical Allodynia and 
Improves Locomotor Activity in KOA 
Rats
We tested the nociceptive behavior which was induced by 
intra-articular injection of MIA into the right knee of rats. 
Prior to the start of the MA treatment, IA injection of MIA 
significantly decreased paw withdrawal threshold (PWT) in 
ipsilateral, comparing to intra-articular injection of saline 
(Control group). Compared with the KOA group and KOA 
+SA group, manual acupuncture significantly attenuated pain 
behavior of KOA (KOA+MA) at two weeks to four weeks. 

However, there were no differences between the magnitudes 
of these measures between the KOA group and KOA+SA 
group (Figure 5A).

The open field test was used to detect the spontaneous 
activity of the rats. The timeline is the same as above 
(Figure 1). The results including total distance, average 
speed, and rest duration of rats to assess the mobility, and 
the motion trail were recorded. Compared with the Control 
group, MIA meaningfully reduced the pain thresholds and 
spontaneous activity of KOA mice in the first week. In 
the second week to fourth week, compared with the KOA 
group or KOA+SA group, MA treatment significantly 
increased total distance (Figure 5B) and average speed 
(Figure 5C) (P<0.01), while it significantly reduced rest 
duration (Figure 5D) (P<0.01).

Figure 3 Effect of MA on inhibiting the joint bone destruction in KOA rats. (A) Reconstructed 3D micro-CT images of knee joints in each group. (B) 3D reconstruction of 
tibial plateau trabecular bone in different group. (C) The values of BV/TV in each group. (D) The values of Tb.Th in each group. (E) The values of Tb.Sp in each group. (F) 
The values of Tb.N in each group. Data are presented as the mean ±standard deviation, n=6/group; KOA group vs Control group (**P<0.01); KOA+MA group vs KOA group 
(#P<0.05, ##P<0.01); KOA+MA group vs KOA+SA group (†P<0.05, ††P<0.01), KOA+SA group vs KOA group (no significant difference, p>0.05). 
Abbreviations: BV/TV, bone volume fraction; Tb.Th, trabecular thickness; Tb.Sp, trabecular spacing; Tb.N, trabecular number.
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Therefore, these results demonstrated that manual acu
puncture had remarkable inhibitory effect on pain and 
improved activity ability.

Discussion
In this study, 18F-FDG PET and micro-CT imaging were 
applied to explore the effect of acupuncture on rat model 
of MIA-induced KOA, and whether acupuncture inhibits 
inflammation and bone destruction in the development of 
KOA. We used 18F-FDG PET to quantify effectively the 
inflammatory activity of KOA and its therapeutic response 
on manual acupuncture. In our study, the results of PET 
suggested that manual acupuncture significantly decreased 
the glucose uptake, suggesting that MA inhibited local 
inflammatory reaction of KOA. Therefore, the results of 

H&E staining further confirmed this conclusion that man
ual acupuncture not only reduced cartilage injury, but also 
reduced synovial inflammation and fibrosis of IFP. In our 
study, the results show that the number, volume, and 
thickness of trabeculae were significantly increased, and 
the distance between trabeculae was reduced after treat
ment with manual acupuncture, compared with KOA rats, 
which exhibited that acupuncture could inhibit severe bone 
erosion. Consequently, we considered that acupuncture 
had a protective effect on subchondral bone for KOA. 
Meanwhile, we identified that acupuncture showed an 
obvious effect on analgesia, and the results were consistent 
with our previous experiments32 that we demonstrated 
manual acupuncture reduced hyperalgesia and provides 
a new explanation on the mechanism of acupuncture in 

Figure 4 Effect of MA on protecting cartilage, synovium and IFP damage in KOA rats (A) Macroscopic view of articular cartilage damage surface in each group. (B) H&E 
staining (original magnification, 40× and 100×), synovial hyperplasia, inflammatory cell infiltration (*), cartilage surface damage (black arrow). (C) Synovial inflammation. 200×. 
(D) Fibrosis of IFP. 200×. (E) Mankin scores in each group. (F) Synovitis score. Data was presented as the mean ±standard deviation, n=5/group; KOA group vs Control 
group (**P<0.01), KOA+MA group vs KOA group (##P<0.01), KOA+MA group vs KOA+SA group (††P<0.01).
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treating KOA. In a recent study, Hoshino et al found that 
synovial inflammation and destruction of subchondral 
bone was observed as soon as seven days after injection 
in high-dose MIA (1.0 mg/30 μL).33 Consequently, we 
used an MIA-induced KOA model to observe the thera
peutic effects of MA on pain, inflammation and motor 
function in KOA model rats.

In the current study, the diagnosis of KOA is based on 
clinical and imaging findings.34 Although the gold stan
dard for OA imaging is conventional radiography in daily 
clinical practice, it has a few limitations, such as low 
sensitivity, compared to PET/CT,35 which is relatively 
expensive but enables us to obtain more information.36 

18F-FDG PET/CT imaging is usually applied to detect 
the glucose uptake and metabolic changes in human 
diseases37 using 18F-fluorodeoxyglucose (18F-FDG), 
a radioactively labelled glucose analogue, which is 
injected into the body to reflect the status of metabolism 
activities through the aggregation of radioactivity.38,39 The 
18F-FDG uptake was associated with serological and clin
ical markers of inflammation,40 and the role of 18F-FDG 
PET in imaging inflammatory conditions has been 

validated in KOA.41 The high expression of GLUT-1 
receptor subtype in stimulated inflammatory cells such as 
macrophages is one of the potential mechanisms for 18F- 
FDG uptake in these inflammatory conditions.41 

Meanwhile, pro-inflammatory factors obviously increases 
high metabolic activity of activated inflammatory cells 
with high glucose uptake and glycolysis process, leading 
to avid FDG uptake in inflammatory tissues.42 However, 
the 18F-FDG as a glucose analogue cannot be further 
metabolized after phosphorylation, which accumulates 
within cells, then we can quantify 18F-FDG uptake at 
sites of pathological increased glucose metabolism also 
in the musculoskeletal tissue.31 Therefore, 18F-FDG accu
mulation in the knee suggests that inflammatory cytokines 
enhanced inflammatory activity.

In recent years, micro-CT has become the gold stan
dard for evaluating the microstructure of subchondral bone 
and trabecular morphological of bone plate in small animal 
models, such as rats and mice.43 Three-dimensional struc
ture of bone trabecula by micron scanning reconstruction, 
can accurately measure the overall bone mass parameters 
and a large number of bone structure parameters of the 

Figure 5 Effect of MA on alleviating mechanical allodynia and improving locomotor activity in KOA rats. (A) PWT was tested by Electric Von Frey before modeling and 
measured every week. (B–D) represented total distance, average speed and rest time respectively. Two-way ANOVA was used in different time periods. Data was presented 
as the mean ±standard deviation, n=10/group; KOA group vs Control group (**P<0.01, ***P<0.001), KOA+MA group vs KOA group (#P<0.05, ##P<0.01, ###P<0.001), KOA 
+MA group vs KOA+SA group (†P<0.05, ††P<0.01, †††P<0.001).
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specimen.44 The imaging and data indicate osteophyte 
development and subchondral bone remodeling, which 
could be used to observe bone destruction in the develop
ment of the KOA.

Acupuncture has been accepted in China’s Guidelines 
for the Diagnosis and Treatment of Osteoarthritis45 and 
the Guidelines of the American Academy of Orthopedic 
Surgeons.46 Compared with sham acupuncture, effective 
acupuncture is to penetrate into acupoints with a certain 
depth and give a certain degree of stimulation. There are 
many clinical and animal studies on acupuncture in the 
treatment of KOA, which confirm that acupuncture 
indeed improves the symptoms of KOA.27,47 Previous 
studies have found that acupuncture 
reduces inflammation and pain by regulating a variety 
of pathways,48,49 such as MCP2/CCR2 signaling pathway 
and nuclear factor-κB signaling pathway, but few studies 
investigated acupuncture in reducing the degree of 
inflammation and protecting subchondral bone from the 
perspective of imaging. Therefore, our results confirmed 
that the effect of manual acupuncture was significantly 
better than sham acupuncture in inhibiting inflammation 
and bone destruction during the procedure in KOA by 
PET imaging and micro-CT.

However, limitations have to be noted in this study. We 
only detected PET and micro-CT imaging after treatment, 
and did not observe the dynamic changes during treatment, 
and did not give insight into even longer longitudinal 
changes after treatment. Furthermore, we have not studied 
its molecular mechanism in our study. Further studies are 
needed to explore the effect of acupuncture on KOA dur
ing treatment and the local metabolic changes of the joint 
for a long time after treatment, and what molecular 
mechanisms are involved in these changes.

In summary, our research shows that manual acupunc
ture could inhibit inflammation and bone destruction by 
18F-FDG PET and micro-CT. And the results provide 
a new theoretical basis for acupuncture in the treatment 
of KOA.
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