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Abstract

Objective: To explore the application value of high-frequency ultrasound and
contrast-enhanced ultrasound in different syndrome types of knee osteoarth-
ritis, and to provide more imaging evidence for clinical diagnosis and treat-
ment. Method: Sixty patients with KOA were selected according to TCM
classification, which were mainly divided into Qi stagnation and blood stasis
type and cold-dampness blockage type. All knee joints were routinely ex-
amined by high frequency ultrasound, and those with synovial hyperplasia
were examined by contrast-enhanced ultrasound. High frequency ultrasound
is the examination of synovium, cartilage and collateral ligament of knee joint
based on two-dimensional ultrasound. Contrast-enhanced ultrasound (CEUS)
refers to the contrast examination of synovium in knee joint patients with syn-
ovial hyperplasia. Result: Among them, the suprapatellar sac effusion and
synovial thickening of Qi stagnation and blood stasis type were more obvious
than those of cold-dampness arthralgia type (P < 0.05), and the degree of
wear of the intercondylar cartilage of cold-dampness arthralgia type was more
obvious than that of Qi stagnation. The blood stasis type is heavier and the
meniscus bulge is higher (P < 0.05). The radiography of synovial hyperplasia
showed that the area under the curve of Qi stagnation and blood stasis type
was higher than that of cold dampness arthralgia type (P < 0.05), and the peak
time was significantly shorter than that of cold dampness arthralgia type. There
was no statistical difference in effective peak gradient and onset time of type
(P > 0.05). Conclusion: To a certain extent, the high-frequency ultrasound and
contrast-enhanced ultrasound performance of knee osteoarthritis can be used
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as a dialectical reference for different TCM syndrome types.
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1. Introduction

Knee Osteoarthritis (KOA) is due to a variety of reasons that cause cartilage de-
generative damage in the human knee joint, osteophytes on the edges of the
joints, and narrow knee joint gaps, and it can also be accompanied by varying
degrees of slippage. Knee osteoarthritis is mainly manifested as a chronic in-
flammatory disease of the synovium [1]. Knee osteoarthritis is mainly caused by
the opening of the skin and hair, and the invasion of wind, cold and dampness,
causing the meridians to become disharmony, stagnation of Qi and blood stasis,
and become bone arthritis [2]. This disease is mainly characterized by deficiency
of vital energy and weakness. It has a long course of disease and is difficult to
cure because of repeated attacks [3]. This study will explore and analyze the rela-
tionship between the characteristics of the knee joint ultrasound image and the
synovial performance of the knee joint under contrast-enhanced ultrasound and
the TCM syndrome types of the knee joint, so as to provide a microscopic and
visual diagnosis basis for KOA’s TCM syndrome differentiation. The research

results are reported as follows.

2. Materials and Methods
2.1. Research Object

Select the patients who came to the University Affiliated Hospital of Shaanxi
Hospital of Traditional Chinese Medicine from June 2019 to June 2020 for ex-
amination and met the relevant diagnostic criteria of KOA and passed the TCM
syndrome classification. Since two middle-aged doctors conduct independent
dialectics, if the opinions are unified, use a unified opinion, if the opinions are

not unified, the third senior doctor will dialectically.

2.2. Diagnostic Criteria

Diagnostic criteria of western medicine: diagnostic criteria of knee osteoarthritis
formulated by American Rheumatology Society [4], diagnostic classification cri-
teria of traditional Chinese medicine: refer to “Expert Diagnostic Consensus of
Knee Osteoarthritis” “Therapeutics of Traditional Chinese Medicine” (2015 edi-
tion) [5], TCM syndrome differentiation belongs to Qi stagnation and blood sta-
sis type and cold-dampness arthralgia type.

2.3. Inclusion Criteria

1) There is no history of trauma and pain in the knee joint recently;
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2) No rheumatism, fracture, infection and other diseases;

3) Age 30 - 60 years old, and volunteer to participate in this study.

2.4. Exclusion Criteria

1) Patients who have received other relevant treatments that may affect the
observation of the indicators in this study;

2) Women during pregnancy or lactation;

3) Patients with severe life-threatening primary diseases such as cardiovascu-
lar, cerebrovascular, liver, kidney and hematopoietic system;

4) Mentally ill patients;

5) Patients with knee osteoarthritis caused by infection, rheumatoid arthritis
and other diseases;

6) Patients who are unwilling to cooperate with this study.

2.5. High Frequency Ultrasound Examination

Use GELOGIQ E9 ultrasonic diagnostic instrument, select 9 MHz probe, in
musculoskeletal mode, take the patient supine position, knee flexion 90°, fully
explode the knee joint, measure the knee suprapatellar sac effusion, the thickness
of the hyperplastic synovium, the thickness of the intercondylar cartilage and the

height of the meniscus.

2.6. Contrast-Enhanced Ultrasound Examination Method

For patients with synovial hyperplasia, synovial contrast was performed, and the
ultrasound contrast agent was Shengnuowei, which was washed with 5 ml of
normal saline. On the basis of conventional ultrasound, choose the most obvious
area of the anterior femoral synovial thickening as the observation site and
record it, switch to the contrast-enhanced ultrasound mode, inject the agent, and
turn on the timer at the same time to continuously observe the enhancement of
the thickening slip in real time and save the image to be analyzed. Contrast
analysis of contrast-enhanced ultrasound data, select a suitable position in the
middle of synovial hyperplasia, obtain a time-intensity curve, observe all curve
parameters, including peak time, area under the curve, effective peak gradient

and starting time, and then analyze them.

2.7. Statistical Analysis

SPSS23.0 software was used to analyze the data, and t-test was used to compare

the count data. P < 0.05 indicated that the difference was statistically significant.

3. Results

3.1. Ultrasound Manifestations of KOA of Different Syndrome
Types

According to the classification of TCM syndromes of 60 knee joints, there were

26 cases of Qi stagnation and blood stasis type, and 39 cases of cold dampness
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arthralgia type. The suprapatellar bursa effusion, synovial membrane thickness,
intercondylar cartilage thickness and meniscus height were compared. Table 1
shows that most affected knees are accompanied by different degrees of joint cavi-
ty effusion, mainly suprapatellar sac. Patients with Qi stagnation and blood stasis
type have more suprapatellar sac effusions than those of cold-dampness-blocking
type, and the depth is deeper (P < 0.05), synovial hyperplasia is more obvious in Qi
stagnation and blood stasis type, manifested by thickened synovium, unclear
borders, increased echo, and increased blood flow signals. Comparing the
thickness of the intercondylar cartilage, the abrasion is more prominent in the
cold and damp arthralgia type, the cartilage surface is not smooth and rough,
and the thickness is uneven. The protrusion height of meniscus bulging in the
cold-dampness-blocking type was higher than that in the Qi stagnation and
blood stasis type (P < 0.05).

3.2. Comparison of KOA Synovial Contrast Ultrasound with
Different Syndrome Types

High-frequency ultrasound showed that 24 cases of Qi stagnation and blood sta-
sis type had synovial hyperplasia, and 36 cases of cold-dampness block type had
synovial hyperplasia. The Qi stagnation and blood stasis type requires a shorter
peak time and a larger area under the curve in CEUS. The gradient and time of
arrival were not statistically different in knee osteoarthritis of cold-dampness
blockage type and Qi stagnation and blood stasis type (Table 2).

Table 1. Ultrasonographic comparison of different types of knee osteoarthritis (mm).

Suprapatellar Synovial Intercondylar Meniscus
Syndromes n . g . .
sac fluid thickness cartilage bulging
Cold dampness 39 1.73 £1.51 2.73 £1.68 1.53 £0.29 4.46 +£0.99
Qi stagnation
R 26 5.17 +2.10 4.59 £2.48 2.49 £0.42 1.77 £0.93
and blood stasis
t value —4.008 -2.658 -8.117 -8.197
P value <0.01 0.010 <0.01 <0.01

Table 2. Comparison of contrast-enhanced KOA synovial membrane with different syn-

drome types.
Area under the gradient Time of
Synd Peak ti
ynaromes n eak time (s) curve (cm?) (d(dB)/d(t)) arrival (s)
Cold dampness 36 4343 £12.57 140.26 + 39.66 0.53 £0.75 28.33£9.32
Qi stagnation and
. 24 11.92 £6.39 416.43 + 292.07 0.43 £ 0.48 29.85 £5.51
blood stasis
t value 8.537 -3.983 0.408 —0.541
P value <0.01 <0.01 0.686 0.592
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4. Discussion

4.1. The Relationship between Knee Osteoarthritis and TCM
Syndrome Types

Regardless of physiologically or pathologically, the essence of knee osteoarthritis
is the deficiency of liver and kidney [6]. Knee osteoarthritis is defined as a dis-
ease involving the entire joint, because it affects not only the cartilage, but also
the changes in the subchondral bone and synovium [7]. Chinese medicine be-
lieves that the kidneys mainly control bones, and the liver and spleen mainly
control muscles. Exercise can damage the liver and kidneys. Therefore, sports
injuries and rheumatism can cause different types of knee pain. Cartilage dege-
neration and secondary bone hyperplasia are the main pathological features of
knee osteoarthritis caused by cold-dampness arthritis [8]. Wind-cold-damp evil
invades human body, causing poor circulation of Qi and blood, and stasis of
muscles and veins. Therefore, the articular effusion and synovium of the
cold-dampness block type show mild inflammation. Because of knee joint pain,
the muscles near the joint produce protective spasms, which further restrict joint
movement [9]. The hyperplasia of Qi stagnation and blood stasis synovitis oc-
curs on the basis of articular cartilage degeneration, with joint capsule synovial
damage, synovial congestion, and inflammatory exudation as the main patho-
logical changes. Therefore, the articular cavity effusion and synovial hyperplasia

of Qi stagnation and blood stasis knee osteoarthritis are more obvious.

4.2. Distinguishing between Different TCM Syndromes of Knee
Joints by Ultrasound

This study also further verified the above point of view; the two types of knee
osteoarthritis have statistical differences through high-frequency ultrasound and
contrast-enhanced ultrasound analysis. For different syndrome types of knee os-
teoarthritis, there are statistical differences in suprapatellar sac effusion, thick-
ness of synovial membrane, thickness of intercondylar cartilage and meniscus
bulging. On the basis of bone hyperplasia, the cold-damp arthralgia type usually
has cartilage degeneration and shedding. Ultrasound shows cartilage thinning and
meniscus bulging are more prominent. Prolonged illness leads to liver and kidney
deficiency, dystrophy of muscles and bones, and gradually twins and joint defor-
mation [10]. Patients with Qi stagnation and blood stasis type have more joint
cavity fluid, and synovial reactive hyperplasia is more obvious. The peak time and
area under the curve are significantly different in the cold-dampness blockage type
and the Qi stagnation and blood stasis type. The Qi stagnation and blood stasis
type requires shorter peak time and larger area under the curve than the
cold-dampness blockage type.

Synovial and cartilage lesions caused by the mutual influence of various fac-
tors in the joint cavity are one of the important links in the pathogenesis of knee
osteoarthritis. In summary, the ultrasound examinations of the knee joints of the

two types of KOA patients have different characteristic changes. Therefore, knee
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ultrasound examination and contrast-enhanced ultrasound examination can be
used as an extension of the clinician’s inspection, to explore the pathological
changes of the internal tissue structure that the doctor can’t see with the naked
eye, and provide objective for the clinical differentiation and efficacy evaluation
of KOA.

4.3. Advantages Compared to MRI and X-Ray Ultrasound

In the diagnosis of the knee joint, conventional X-ray is the most commonly
used method for the diagnosis of knee joint disease, but it does not provide clin-
ical anatomy such as articular cartilage, synovium, soft tissue in the joint cavity,
and fluid-containing lesions. Especially when the lesions of knee osteoarthritis
are mild, traditional imaging examinations are not sensitive to knee osteoarthri-
tis [11]. With the continuous development and wide application of ultrasound
medicine in clinical practice, especially in the field of musculoskeletal,
high-frequency ultrasound provides other information on the pathological
changes of soft tissues that cannot be described by conventional radiology (such
as articular cartilage and synovium, meniscus) Injury, joint effusion, etc.). MRI
is the gold standard for evaluating knee joints, and MRI is considered to be the
most accurate imaging method for evaluating knee joints [12]. MRI has the ad-
vantages of non-invasiveness, multiplanarity, and good soft tissue contrast.
However, MRI is expensive and cannot be performed for patients who have un-
dergone cardiac bypass surgery. In recent years, due to the advantages of
high-resolution ultrasound, such as dynamic and multi-plane, it has aroused
great interest in the research and daily practice of knee osteoarthritis [13]. In the
imaging technique for diagnosing knee osteoarthritis, musculoskeletal ultra-
sound has become a reliable one. Studies have shown that high-frequency ultra-
sound observation of knee arthritis synovial thickness, articular cartilage de-
struction and other pathological changes is comparable to X-ray examination. It
has higher sensitivity, specificity and accuracy, and the examination of synovial
blood flow is better than MRI examination [14]. High-frequency ultrasound and
contrast-enhanced ultrasound can accurately detect joint effusions, show the le-
sions of synovium, cartilage, and subchondral bone, and are non-invasive, re-
producible, intuitive, real-time, low-cost, rapid inspection, no radiation damage,
and easy for patients The advantages of acceptance and follow-up inspection can
also be carried out. It has obvious advantages in understanding the treatment ef-
fect of the disease and evaluating the curative effect. Therefore, high-frequency
ultrasound is an important auxiliary examination method for the diagnosis of
knee osteoarthritis.

In the imaging technique for diagnosing knee osteoarthritis, musculoskeletal
ultrasound has become a reliable one. Studies have shown that high-frequency
ultrasound observation of knee arthritis synovial thickness, articular cartilage
destruction and other pathological changes is comparable to X-ray examination.

Its sensitivity, specificity and accuracy are higher, and the examination of syn-
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ovial blood flow is also better than MRI examination. The sample size of this
study is small, only for the two types of knee bones of cold-dampness blockage
and Qi stagnation type. For arthritis, the curve value under contrast-enhanced
ultrasound is only of reference value. In the future, the sample size needs to be
expanded to explore the clinical significance of contrast-enhanced ultrasound for
knee osteoarthritis of different TCM syndromes. In summary, high-frequency ul-
trasound and contrast-enhanced ultrasound can provide effective reference value
for knee osteoarthritis of different TCM syndromes. High-frequency ultrasound
and contrast-enhanced ultrasound are safe, low cost, reproducible, and have no
obvious contraindications. Complications and other advantages are worthy of

further study.
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