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Abstract
dimensional (3D ) gait, and inflammatory markers in patients with knee osteoarthritis ( KOA) of cold-dampness obstruction syndrome.
[ Methods ] A total of 162 KOA patients admitted to Huadong Hospital Affiliated to Fudan University from January 2021 to May 2023 were en-
rolled and randomly divided into an electroacupuncture group and a control group, with 81 patients in each group. The control group received

[ Objectives ] To explore the effects of electroacupuncture combined with rehabilitation training on knee joint function, three-

routine rehabilitation training, while the electroacupuncture group received electroacupuncture treatment in addition to the same rehabilitation
training, both for 4 weeks. The efficacy, syndrome scores, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) , Ly-
sholm Knee Score (LKS), 3D gait parameters, and levels of inflammatory markers were compared between the two groups. [ Results] Follow-
ing treatment, the total effective rate in the electroacupuncture group was 92.59% , which was significantly higher than 77.78% observed in
the control group (P <0.05). Additionally, the electroacupuncture group exhibited lower TCM syndrome scores (P <0.05) , reduced WOM-
AC scores, and elevated LKS scores compared to the control group (P <0.05). Gait parameters, including step frequency, step speed, stride
length, initial ground contact flexion angle, maximum swing phase extension angle, and support phase extension angle, were all higher in the
electroacupuncture group. Additionally, the sagittal plane maximum abduction moment was lower in the electroacupuncture group. Inflammato-
ry markers showed that interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-at) were lower in the electroacupuncture group, while transfor-
ming growth factor-B1 (TGF-B1) was higher (P <0.05). [ Conclusions] Electroacupuncture combined with rehabilitation training effectively
enhances clinical efficacy, alleviates symptoms, improves knee joint mobility and walking ability, enhances knee function scores , and reduces

inflammatory levels, contributing to the rapid recovery of knee joints in KOA patients.
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1 Introduction
Knee osteoarthritis (KOA ) is a chronic musculoskeletal disorder
characterized by joint pain, stiffness, and functional impairment

resulting from synovial inflammation of the knee joints'’.

Knee
pain, audible snapping, swelling, and limited mobility are the
predominant symptoms reported by individuals diagnosed with
KOA. In severe cases, these symptoms may culminate in joint de-
formity, which, if left untreated, can ultimately result in the loss
of joint function or disability, thereby significantly affecting the
quality of life™. Common treatment modalities for KOA encompass
oral pharmacotherapy, intra-articular injections, and surgical inter-
ventions; however, these approaches are not without limitations.
Prolonged administration of non-steroidal anti-inflammatory drugs
(NSAIDs) has the potential to adversely affect hepatic and renal
function. Additionally, the pain and extended recovery period asso-
ciated with intra-articular injections or surgical procedures may con-
KOA is classified

within the categories of bone paralysis and tendon paralysis in tradi-

tribute to significant distress among patients”’.
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tional Chinese medicine (TCM). The primary etiology of this condi-
tion is attributed to the invasion of wind, cold, and dampness,
which leads to paralysis within the meridians. This results in im-
paired qgi and blood circulation, manifesting as joint pain, stiffness,
and restricted mobility. Cold-dampness obstruction syndrome is a
prevalent form of KOA™' . Electroacupuncture is a form of physical
therapy that is derived from traditional acupuncture. It has been
shown to be a rapid and effective method for alleviating pain, reduc-
ing swelling, and managing effusion in patients. Furthermore, it of-
fers significant advantages in the treatment of KOA"™'. This study
examines the therapeutic effects of electroacupuncture combined
with rehabilitation training on knee joint function, gait, and inflam-
mation in patients diagnosed with KOA, aiming to establish a clini-
cal foundation for the treatment of KOA utilizing the combination of

electroacupuncture and rehabilitation training.

2 Information and methods

2.1 General information A total of 162 patients diagnosed
with KOA who were admitted to the Huadong Hospital Affiliated to
Fudan University between January 2021 and May 2023 were select-
ed for this study. The participants were assigned to either the elec-
troacupuncture group or the control group using a simple randomi-
zation method, resulting in 81 cases in each group. In the elec-
troacupuncture group, there were 36 males and 45 females. Ac-
cording to imaging grading, there were 24 cases classified as grade

I, 31 cases as grade II, and 26 cases as grade III. The
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participants” ages ranged from 51 to 65 years, with a mean age of
(57.35 £2.12) years. The duration of the disease varied from 1
to 6 years, with a mean duration of (3.15 £0.87) years. Addi-
tionally, there were 44 cases involving the left side and 37 cases
involving the right side. In the control group, there were 33 males
and 48 females. The imaging classification revealed 22 cases of
grade I, 34 cases of grade II, and 25 cases of grade III. The
participants” ages ranged from 52 to 67 years, with a mean age of
(58.01 £2.67) years. The duration of the disease varied from 1
to 5 years, with an average duration of (2.79 £0.73) years. Ad-
ditionally, the distribution of cases was 41 on the left side and 40
on the right side. The comparison of general information between
the two groups did not yield statistically significant results (P >
0.05) and was found to be comparable. This study received ap-
proval from the Ethics Committee of the hospital (Ethics Approval
No. ; 20200065) .

2.2 Diagnostic criteria The diagnostic criteria for Western
medicine were based on the Osteoarthritis Diagnostic and Treat-
ment Guidelines (2018 Edition) ' .

following: the patient must be over 50 years of age; there should

These criteria included the

be a recurrence of knee pain within the past month; X-ray imaging
must reveal joint space narrowing, the formation of osteophytes at
the joint margins, and subchondral bone sclerosis; the duration of
morning stiffness should be 30 min or less; and the patient must
exhibit a crepitating sound in the affected joint during movement.
The diagnostic criteria for TCM were based on the Guidelines for
the Diagnosis and Treatment of Knee Osteoarthritis in Traditional
Chinese Medicine (2020 Edition)"", which was utilized to estab-
lish the identification criteria for the cold-dampness obstruction
syndrome. The primary syndromes included severe joint pain that
was exacerbated by cold temperatures and alleviated by warmth,
along with unfavorable flexion of the joints. Secondary syndromes
consisted of significant pain in the lower back and body, accompa-
nied by a pale red tongue, a white greasy coating, and a moist,
slow pulse.

2.3 Inclusion criteria The inclusion criteria for the study were
as follows: participants must be at least 18 years of age, with no
restrictions on gender; they must meet the diagnostic criteria for
cold-dampness obstruction syndrome type KOA as defined by both
Chinese and Western medicine; they must have no prior history of
surgical intervention for KOA and must be in a state of remission;
they must not have received steroid treatment, either orally or via
injection, within the past 2 months; and they must have voluntari-
ly provided informed consent.
2.4 Exclusion criteria The exclusion criteria for the study
were delineated as follows: pregnant and lactating women; indi-
viduals with secondary gout attributable to medications or renal
failure; patients with infectious knee diseases; those who have
previously undergone tibial osteotomy or artificial joint replace-
ment ; and individuals currently receiving physiotherapy or surgical
interventions.

2.5 Disengagement and rejection criteria The criteria for
disengagement and rejection included; inability to cooperate with

the study due to physical reasons; voluntary withdrawal from the

study for other reasons; and the occurrence of serious illness or
significant adverse reactions during treatment.

2.6 Treatment methods The control group underwent conven-
tional rehabilitation training, which included heel lifts, static
squatting exercises, supine knee extensions, towel roll exercises,
straight leg raises, and supine foot positioning on a straight sur-
face. Each exercise was performed for 10 repetitions per set, with
a total of 3 sets conducted in the morning and 3 sets in the after-
noon. A rest period of 30 sec was observed between sets, and the
training was conducted five times per week. The electroacupunc-
ture group received treatment utilizing electroacupuncture (Hang-
zhou Ji’entang Biomedical Technology Co. , Lid. , Model: XYD-I)
in addition to the standard care provided to the control group. The
acupoints selected for the affected limbs included Yinshi (ST33),
Xuehai (SP10), Shangxuehai, Dubi (ST35), Liangqgiu (ST34),
Zusanli (ST36), Neixiyan (EX-LE4), and Yinlingquan (SP9).
A 1.5-inch Andean acupuncture needle with dimensions of 0. 30
mm X 40 mm was employed for the acupuncture procedure. The
acupoints Yinshi, Xuehai, Liangqiu, Zusanli, and Yinlingquan
were needled directly to a depth of 1.0 — 1.2 inches, while Shan-
gxuehai, located approximately 1 inch above Xuehai, was inserted
at a diagonal depth of 1.5 inches towards Xuehai. The needle tip
of Neixiyan was oriented towards the center of the knee, and the
needle tip of Dubi was directed inward at a depth of 0.5 - 1.0
inch. Following insertion, the needles were retained after being
gently twisted in small increments using a neutral supplementation
and draining technique until the local needle sensation subsided.
The needles were then connected to the Huatuo SDZ-II electro-ac-
upuncture instrument, and the treatment was administered using a
sparse and dense wave frequency of 20/100 Hz for a duration of
30 min. Patients underwent treatment once weekly for 6 d, fol-
lowed by a 1 d rest period. Both groups received treatment over a
span of 4 weeks.

2.7 Observation indicators

2.7.1
patients’ TCM syndrome points were evaluated in accordance with

the Syndrome and Efficacy Evaluation of New Traditional Chinese

Medicine Drugs[g] .

Syndrome score. Prior to and following treatment, the

The primary syndrome, characterized by se-
vere joint pain that is exacerbated by cold and alleviated by
warmth, as well as unfavorable joint flexion and extension, was
classified into four categories based on severity: none (0 point) ,
light (2 points), medium (4 points), and heavy (6 points).
Similarly, the secondary syndrome, along with tongue and pulse
assessments, were categorized as none (0 point ), light (1
point) , medium (2 points), and heavy (3 points) according to
their respective degrees. The average scores for the primary syn-
drome, secondary syndrome, tongue and pulse were calculated to
represent their respective conditions.

2.7.2 Knee function. The Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC)"" and the Lysholm Knee
Score (LKS)'""" were employed to assess the knee function of pa-
tients both prior to and following treatment. The WOMAC scale
was comprised of 24 items that assessed three dimensions: pain,

stiffness, and joint function. Each item was scored on a scale from
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0 to 4, reflecting the severity of symptoms, with O indicating no
symptoms and 4 indicating very severe symptoms. The cumulative
score could reach a maximum of 96 points, with higher scores in-
dicating a greater severity of KOA. The LKS scale comprised 8 di-
mensions: pain, swelling, limping, bracing, stair climbing,
squatting, instability, and locking of the knee. The total score on
this scale was 100 points, with lower scores indicating a dimin-
ished capacity for the patient to engage in daily activities.

2.7.3 3D gait analysis. Prior to and following treatment, gait
data from the patients were collected and analyzed utilizing the
Swedish Qualisys 3D motion acquisition and analysis system. The
analysis primarily encompassed temporal-spatial parameters ( step
frequency, step speed, stride length) , kinematic parameters (ini-
tial ground contact flexion angle, maximum swing phase extension
angle, support phase extension angle) , as well as mechanical pa-
rameters ( coronal plane maximum abduction moment, sagittal
plane maximum abduction moment).

2.7.4 Joint fluid indicators. Prior to and following treatment,
3 mL of fasting venous blood was obtained from the patients. The
serum was subsequently analyzed for interleukin-6 (IL-6) , tumor
necrosis factor-a ( TNF-a), and transforming growth factor-gl1
( TGF-Bl )  utilizing enzyme-linked immunosorbent assay
(ELISA) kits sourced from Shanghai Enzyme-linked Biotechnol-
ogy Co. , Ltd.

2.8 Determination criteria for clinical effects In reference
to the Evaluation of Syndrome and Efficacy of New Chinese Medi-

I8 clinical control was defined as the absence of abnormali-

cines
ties in X-ray imaging, a complete resolution of clinical symptoms
associated with KOA, and normal joint mobility. An effective
effect was indicated by notable improvements in X-ray findings, a
reduction in clinical symptoms of KOA, and unrestricted joint
function. The treatment was deemed ineffective as it did not con-
form to the specified criteria. Overall effective rate (% ) = (Num-
ber of clinical control cases + Number of markedly effective cases
+ Number of effective cases)/Total number of cases x 100% .

2.9 Statistical methods The statistical software SPSS 24. 0
was employed for data analysis. Categorical variables, including
gender, imaging grading, and the location of the affected limb,
were presented as percentages (% ). The chi-square (y°) test
was utilized for group comparisons of these categorical variables.
Continuous variables, such as disease duration, syndrome score,
and WOMAC score, were reported as means + standard deviation
(x £5s), with the independent ¢-test applied for comparisons be-
tween groups. A P-value less than 0. 05 was considered indicative

of statistical significance.

3 Results and analysis

3.1 Comparison of efficacy The total effective rate observed
in the electroacupuncture group was significantly higher than that
in the control group, with a statistically significant difference

noted (P <0.05, Table 1).

Table 1 Comparison of the efficacy of patients in two groups (n =81) case (% )
Group Clinical control Markedly effective Effective Ineffective Total effective
Control 20 (24.69) 25 (30.86) 18 (22.22) 18 (22.22) 63 (77.78)
Electroacupuncture 31 (38.27) 28 (34.57) 16 (19.75) 6 (7.41) 75 (92.59) *

NOTE Compared to the control group, * P <0.05.

3.2 Comparison of TCM syndrome score Following treat-
ment, the TCM syndrome scores for the primary syndrome, sec-
ondary syndrome, and the assessments of tongue and pulse in KOA
patients in both groups exhibited a reduction compared to pre-treat-
ment scores. Furthermore, the TCM syndrome scores for the pri-
mary syndrome, secondary syndrome, and the evaluations of
tongue and pulse in the electroacupuncture group were significantly
lower than those observed in the control group, with a statistically

significant difference noted (P <0.05, Table 2).

Table 2 Comparison of TCM syndrome score of patients in two groups
(n=81, x s, point)

Primary Secondary Tongue and
Group
syndrome syndrome pulse
Control @D 3.69+0.84 1.54 £0.42 1.54 £0.41
@ 1.98:0.41" 0.85+0.28" 0.87+0.25"
Electroacupuncture (D 3.65 0. 83 1.51 £0.40 1.52 £0.39

@  1.35+0.28%% 0.49+0.16"% 0.41+0.12*%
NOTE (D. Prior to treatment; (2. Following treatment; Compared to the

same group prior to treatment, * P <0.05; compared to the control

group following treatment, P <0.05. The same below.

3.3 Comparison of knee functions Following treatment, the

WOMAC scores for both groups exhibited a reduction compared to
pre-treatment levels, while the LKS scores demonstrated an in-
crease. Notably, the WOMAC scores in the electroacupuncture
group were significantly lower than those in the control group,
and the LKS scores were significantly higher than those in the con-
trol group, with the differences reaching statistical significance

(P <0.05, Table 3).

Table 3 Comparison of knee functions of patients in two groups

(n=81, x s, point)

Group WOMAC score LKS score

Control Prior to treatment 48.71 £6.73 52.93 £5.46
Following treatment  28.52 +3.67*  62.42 +5.87*

Electroacupuncture Prior to treatment 49.36 +6.68 53.76 £5.21

Following treatment  13.49 +2.86 % 69.37 +6.14* %

3.4 Comparison of 3D gait analysis Following treatment, the
step frequency, step speed, stride length, initial ground contact
flexion angle, maximum swing phase extension angle, and support
phase extension angle exhibited significant increases in both groups
compared to pre-treatment measurements. Conversely, the sagittal
plane maximum abduction moment demonstrated a significant de-

crease than that observed prior to treatment. Furthermore, the
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electroacupuncture group showed higher values for step frequency,
step speed, stride length, initial ground contact flexion angle,
maximum swing phase extension angle, and support phase exten-

sion angle when compared to the control group, while also exhibi-
ting a lower sagittal plane maximum abduction moment (Table 4).
These differences were statistically significant (P <0.05).

Table 4 Comparison of 3D gait analysis of patients in two groups (n=81, x+s)
Group A //step/min B//m/s C//m D//° E //° F /e G//N+m H//N+m
Control Prior to treatment 84.16 £6.34 0.84 £0.17 0.48 £0.07 15.11+4.93  51.31+5.24 4.97+1.38 0.95+0.42 1.58+0.54
Following treatment ~ 91.77 £6.29*  1.03 £0.20D % 0.56 +0.09* 17.25+5.61* 56.21 +6.33" 6.52+2.07* 1.08+0.44 1.39+0.51"
Electroacupuncture  Prior to treatment 85.45 £5.71 0.83+0.15 0.50 +0.08 14.97 £4.76  50.79 £5.16 4.91+1.26 1.01£0.45 1.53+0.55
Following treatment ~ 96.36 +6.42* 2 1.19+0.16* % 0.65+0.08** 19.47 £6.13* > 59.46 £6.98* > 8.01 £2.25* % 1.13£0.48 1.12+0.49* 2

NOTE A. Step frequency; B. Step speed; C. Stride length; D. Initial ground contact flexion angle; E. Maximum swing phase extension angle; F. Support

phase extension angle; G. Coronal plane maximum abduction moment; H. Sagittal plane maximum abduction moment.

After

treatment, serum inflammatory markers IL-6 and TNF-a exhibited

3.5 Comparison of serum inflammatory indicators

a reduction compared to pre-treatment levels in both groups. Con-
versely, TGF-B1 levels were elevated post-treatment in both
groups. Notably, the serum levels of IL-6 and TNF-« in the elec-
troacupuncture group were significantly lower than those observed
in the control group, while TGF-B1 levels were significantly higher
in the electroacupuncture group compared to the control group,
with statistical significance established (P <0.05, Table 5).

Table 5 Comparison of serum inflammatory indicators of patients in two

groups (n=81, xxs, ng/L)
Group IL-6 TNF-o TGF-B1
Control @O 71.85+7.82  49.11 +6.58 38.72 £4.68
@ 24.78 +3.41% 13.04+2.55* 57.23+7.66"
Electroacupuncture 1) 72.13 =7.66 50.78 +6.43 39.41 +4.89

@ 31.69+3.83"" 21.25+3.38*" 49.47 +6.85 "
NOTE (D). Prior to treatment; (2). Following treatment.

4 Discussion

The earliest references to KOA within the framework of TCM can
be traced back to the Emperor’s Classic of Internal Medicine , which
identifies wind, cold, dampness, and pathogenic factors as signifi-
cant contributors to the onset of paralysis. The interplay of joint
strain, advanced age, physical deterioration, and deficiencies in
liver and kidney function culminates in a deficiency of blood and
qi, which adversely affects the health of muscles and bones. Fur-
thermore, the invasion of wind-cold and dampness leads to the
stagnation of cold within the muscles and bones, obstructing the
flow of meridians. Prolonged stagnation results in the tendons and
bones becoming deprived of nourishment, causing impaired blood
circulation, which manifests as joint pain, soreness, swelling, and
restricted mobility, ultimately leading to chronic and difficult-to-
treat conditions. Consequently, therapeutic approaches should pri-
oritize the dispersal of cold, the elimination of dampness, and the
alleviation of pain''"’. Electroacupuncture is an external therapeu-
tic modality rooted in TCM, which has evolved from conventional
acupuncture practices. This technique has been shown to promote
the repair and regeneration of bone tissues, while also enhancing
the absorption of inflammation and improving blood circulation
within the human knee joints. Additionally, electroacupuncture is

believed to facilitate the unblocking of meridians and collaterals,

alleviate cold, and eliminate dampness. These properties confer
significant advantages in improving the clinical symptoms associat-
ed with KOA. However, further investigation is warranted to eluci-
date the combined effects of electroacupuncture and conventional
rehabilitation training on therapeutic efficacy, knee joint function,
gait, and serological indices in KOA patients.

In this study, electroacupuncture was administered at the
acupoints of Yinshi, Xuehai, Shangxuehai, Dubi, Liangqiu, Zu-
sanli, Neixiyan, and Yinlingquan. Notably, Yinshi is associated
with the stomach meridian of the foot-yangming, and acupuncture
at this point has been shown to enhance conditions related to yin-
cold diseases. Dubi is classified as a point on the stomach meridi-
an of the foot-yangming. Acupuncture at this point is known to en-
hance blood circulation, regulate qi, and alleviate pain. Zusanli
serves as a key junction on the stomach meridian of the foot-yang-
ming; acupuncture at this location can dispel cold and dampness,
address paralysis-related pain, and tonify both qi and blood, while
also promoting the hydration of muscles and bones. Yinlingquan is
associated with the spleen meridian of the foot taiyin; acupuncture
at this point is beneficial for strengthening the spleen and promo-
ting diuresis, as well as relieving muscle rigidity and activating the

collateral channels!? "

In this study, the patient exhibited a
pattern of cold-dampness obstruction syndrome, and the primary
objective of the treatment was to eliminate cold and dampness.
Consequently, electroacupuncture was employed to treat KOA pa-
tients. Specific acupuncture points, including Yinshi and Yin-
lingquan, were utilized to dispel cold and dampness, thereby en-
hancing the elimination of these conditions through the promotion
of local blood and lymphatic circulation. Additionally, acupunc-
ture at points such as Xuehai, Shangxuehai, and Zusanli was
found to activate blood circulation and alleviate blood stasis, which
in turn improved local microcirculation, increased blood supply to
the knee joint, and mitigated pain associated with blood stasis re-
sulting from cold and dampness. The synergistic effects of multiple
acupuncture points facilitated the unblocking of meridians, activa-
tion of blood circulation, and removal of blood stasis, leading to a
significant reduction in knee pain. Furthermore, the warming
effect of electroacupuncture effectively dispelled cold and allevia-
ted stiffness and pain in the joints induced by cold, thereby con-
tributing to the overall therapeutic goals of dispersing cold, elimi-
nating dampness, and promoting the flow of qi and blood. The
findings of this study indicate that the total effective rate of treat-
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ment in the electroacupuncture group surpassed that of the control
group. Additionally, the TCM syndrome scores for primary syn-
drome, secondary syndrome, as well as tongue and pulse assess-
ments were significantly lower in the electroacupuncture group
compared to the control group. These results suggest that the com-
bination of electroacupuncture and rehabilitation training may ef-
fectively alleviate the clinical symptoms of joint pain in patients di-
agnosed with KOA. An analysis of the underlying mechanisms re-
veals that the continuous stimulation of acupoints through pulsed
current effectively activates the endocrine system and the autonom-
ic nervous system. This process facilitates the release of hormones
and neurotransmitters, which in turn regulates the secretion of cy-
tokines. Additionally, it activates the mitogen-activated protein ki-
nase (MAPK) signaling pathway, thereby modulating the inflam-
matory response and diminishing the inflammatory stimulation of
the knee joints'™*’. Acupuncture points serve as sites for the infu-
sion of qi and blood, as well as locations where dampness may be-
come stagnant. The practice of acupuncture can improve the effica-
cy of meridian unblocking while simultaneously tonifying the liver
and benefiting the kidneys. The WOMAC scale is a self-assess-
ment tool designed to evaluate arthritis in the lower limbs, specif-
ically targeting the knee and hip joints. Additionally, the LKS
scale has been employed to assess ligament injuries, cartilage dis-
orders, and various other knee joint diseases'”’. The findings of
this study indicate that the WOMAC score and the LKS score of the
electroacupuncture group were significantly superior to those of the
control group. This suggests that the combination of electroacu-
puncture and rehabilitation training is more effective in enhancing
knee function in KOA patients. Guo Yan et al. """ demonstrated
that acupuncture points, including Xuehai and Liangqiu, were ef-
fective in improving synovial hyperplasia, enhancing joint flexion
and extension functions, and significantly reducing WOMAC
scores. These findings align closely with the results of the present
study. The underlying reason may be attributed to the roles of the
Liangqiu and Xuehai points, which serve as the origin and termi-
nation points for the associated muscles. These points are believed
to facilitate the opening of collaterals and alleviation of pain, en-
hance blood circulation, eliminate blood stasis, promote recovery
and strengthening of muscle function, stabilize the joints, and ex-
pedite the restoration of knee joint functionality in patients'” .
Research has indicated that KOA patients experience asym-
metric loading of the lower limbs as a result of joint pain, swell-
ing, and other associated symptoms. Consequently, these patients
may unconsciously tilt their trunks and hips in an effort to maintain
balance while ambulating, leading to the manifestation of an abnor-
mal gait'"®. The present study analyzed the gait characteristics of
two groups of patients. The results indicated that the electroacu-
puncture group exhibited significantly greater improvements in step
frequency, step speed, stride length, initial ground contact flexion
angle, maximum swing phase extension angle, support phase ex-
tension angle, and sagittal plane maximum abduction moment com-
pared to the control group. These findings suggest that the combi-
nation of electroacupuncture and rehabilitation training is more ef-
fective in enhancing gait in KOA patients. While conventional re-
habilitation training is effective in promoting blood circulation and

preventing muscle atrophy by facilitating the self-recovery of
joints, electroacupuncture has the potential to remodel the innerva-
tion function of skeletal muscle nerves. This intervention enhances
neuromuscular responsiveness, stimulates increased synaptic activ-
ity, and improves the efficiency of neuromuscular conduction.
Consequently, electroacupuncture can significantly enhance gait in
KOA patients and may serve a complementary therapeutic role
alongside conventional rehabilitation training. Electroacupuncture
combined with rehabilitation training has been shown to assist pa-
tients in reducing joint inflammation and pain, restoring the bal-
ance of internal forces within the joints, decelerating the degenera-
tion of articular cartilage, and promoting its self-repair’’. Fur-
thermore, relevant studies indicate that electroacupuncture can ef-
fectively enhance the joint loading capacity of KOA patients and
alleviate their symptoms, and also significantly improves patients’
gait cycle, step speed, and unilateral support'™ .

IL-6 has the potential to disrupt the equilibrium between ma-
trix metalloproteinases and their inhibitors in cartilage tissue. This
dysregulation can result in cartilage degeneration and defects,
which may indicate pathological alterations within the knee joint of
patients diagnosed with KOA. TNF-q is a significant inflammatory
mediator in KOA, as it contributes to the degradation of collagen
and proteoglycans in cartilage tissues through the activation of the
nuclear factor-kB (NF-kB) signaling pathway, ultimately resulting
in cartilage degeneration. TGF-B1 is crucial for preserving the
morphology and functionality of articular chondrocytes. It mitigates
the inflammatory response by antagonizing I1L-6 and TNF-« in the
context of KOA pathology. Additionally, TGF-B1 promotes colla-
gen synthesis and chondrocyte proliferation, contributing to the re-
2751 According to the study, IL-6 and TNF-q
exhibit a negative correlation with the knee function score, specif-
ically the American Knee Society Knee Score (KSS), in KOA pa-
tients. As the levels of I1L-6 and TNF-a increase, there is a corre-

pair of cartilage'

sponding decline in knee function among these patients. Further-
more,, TGF-B is also negatively correlated with the severity of the
disease in KOA patients; as TGF-B levels rise, the severity of the
disease in these patients tends to worsen™ ', According to Wei
Hewei et al. ™, the levels of TNF-o in KOA patients diagnosed
with the cold-dampness obstruction syndrome were significantly el-
evated compared to those observed in the other three types: liver-
kidney yin deficiency, spleen-kidney yang deficiency, and qi stag-
nation with blood stasis. In this study, significant improvements in
the levels of IL-6, TNF-a, and TGF-B1 were observed in the elec-
troacupuncture group. These findings suggest that the combination
of electroacupuncture and rehabilitation training may effectively
enhance the inflammatory status of KOA patients and promote the
reparative potential of articular cartilage. The observed effects may
be attributed to the stimulation of acupoints such as Dubi, Neixiy-
an, and Yinlingquan, which can alleviate swelling and pain, im-
prove the local inflammatory response, and reduce knee joint ede-
ma. Additionally, acupoints like Zusanli and Xuehai may play a
role in regulating qi and blood flow, thereby enhancing the nutri-
tional supply to the knee joint and facilitating the recovery of joint
function. The mechanism of action may be associated with the in-
hibition of inflammatory mediators such as IL-6 and TNF-a, as
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well as matrix metalloproteinases, through the application of elec-
troacupuncture. Additionally, this process may influence the ex-

7] " Numerous studies

pression of apoptotic genes in chondrocytes
have demonstrated that electroacupuncture treatment can signifi-
cantly elevate the levels of TGF-B1 while concurrently reducing the
levels of IL-6 and TNF-a in the synovial fluid of KOA patients.
This modulation of cytokine levels is associated with alleviation of
clinical symptoms, including joint pain, and contributes to the im-

8] KOA is a chronic condition,

provement of knee joint function
and it is essential to consider the long-term prognosis within the
scope of investigation. This study has several limitations, including
a relatively small sample size and a limited follow-up duration. Fu-
ture research should involve a large-scale, prospective multicenter
trial to further validate the long-term therapeutic efficacy of elec-
troacupuncture in KOA patients. Such studies would provide a
more comprehensive foundation for the application of electroacu-
puncture in the management of this condition.

In conclusion, electroacupuncture has been demonstrated to
be effective in the treatment of KOA patients. This intervention
significantly enhances 3D gait performance, mitigates the inflam-
matory response, and facilitates the functional recovery of the knee
joint.
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parisons revealed statistically significant improvements ( P <
0.05) in weight, TCM symptom scores, BMI, and waist circum-
ference in both groups. Further analysis showed statistically signif-
icant intergroup differences (P <0.05) in all metrics except waist
circumference improvement, which exhibited no significant dispar-
ity between groups. In the treatment group, 16 cases achieved
marked effectiveness, 15 showed effectiveness, and none were in-
effective, yielding a total effective rate of 100% . In contrast, the
control group had 9 markedly effective cases, 17 effective cases,
and 4 ineffective cases, with a total effective rate of 86.67%.
This comparative result demonstrates that the combined therapy of
herbal patching and acupuncture is more effective than acupunc-

ture alone paired with non-medicated patching.

4 Conclusion

Multiple research findings demonstrate that TCM external treat-
ments exhibit remarkable efficacy in obesity treatment. Compared
to Western medical drug treatments, TCM external treatments offer
advantages of fewer side effects, higher safety, and greater relia-
bility. However, current research on the mechanisms of action of
TCM external treatments remains insufficient, and their clinical
application shows individual variations. Therefore, future efforts
should focus on strengthening fundamental experimental research
to investigate their mechanisms in depth, while further standardi-
zing operational techniques to enhance clinical outcomes. Addi-
tionally, most existing studies are single-center or small-sample
investigations, lacking broad representativeness. Future initiatives
should actively promote multicenter, large-sample clinical studies
to scientifically validate the efficacy and safety of TCM external
treatments, thereby providing stronger evidence-based support for

their clinical application.
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