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Abstract

Purpose: To investigate the effect of ultrasound-guided unidirectional valve
cleft enlargement in the treatment of popliteal cysts. Methods: Forty-eight
patients with popliteal cysts who met the inclusion criteria and were admitted
to our hospital from December 2018 to June 2020 were randomly divided into
group A (24 cases) and group B (24 cases). Group A was treated with a cen-
tral venous catheter dilator, and group B was treated with traditional open
surgery to remove the popliteal cyst. Visual analogue scale (VAS) was used to
evaluate discomfort. The VAS, Lysholm score of knee joint and Rausch-
ning-Lindgren grade 0~I improvement rate were compared at 6 months after
operation. Results: The postoperative VAS in group A was significantly bet-
ter than that in group B (P < 0.05), and the postoperative Lysholm score and
Rauschning-Lindgren grade 0~I in group A were higher than those in group
B (P < 0.05). There was no recurrence or other complications in either group.
Conclusions: Ultrasound-guided central venous catheter dilator is more ef-
fective than traditional surgical resection of popliteal cysts.
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1. Introduction

William Baker [1] first described popliteal cysts as a fluid-filled mass in 1877 and
elaborated the link between cysts and intra-articular lesions. Studies have shown
that there is a channel with a transverse opening of unidirectional valve function

in the posteromedial aspect of the knee capsule, and when joint effusion is
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caused by various reasons, the pressure in the joint cavity increases, and the
synovial fluid flows from the joint cavity into the synovial sac to form a cyst [2].
Handy [3] reported that communicating connections between popliteal cysts
and joint cavities were observed in 30% to 50% of autopsies, 55% of open surgic-
al resections, 37% of knee diagnostic arthroscopies, and 50% of normal knee
arthroscopies. When various causes lead to joint effusion, increased pressure in
the joint cavity, effusion through the unidirectional valve structure into the ga-
strocnemius semimembranosus sac, but cannot reflux back into the joint cavity,
it leads to the occurrence of popliteal cysts. The majority of popliteal cysts are
asymptomatic, and when symptomatic, they often present with posterior knee
pain with tightness, stiffness, and discomfort, as well as limited joint extension
and flexion. Secondary popliteal cysts in adults are often associated with gouty
arthritis, rheumatoid arthritis, etc., synovial inflammatory proliferation, easy to
produce a number of effusion, resulting in enlargement of the gastrocnemius
muscle semi-membranous bursa communicating with the joint cavity. Conserv-
ative treatment is mostly performed with ultrasound-guided aspiration of cyst
fluid and intracystic steroid injection, but the cyst recurrence rate is high [4] [5].
Surgical treatment is often required when conservative treatment is ineffective,
and traditional open surgery is based on resection of the cyst, which is invasive
and prone to scar formation. Many scholars use arthroscopy to treat popliteal
cysts, and the unified view is that arthroscopic management of intra-articular
pathological lesions is performed, and it is controversial whether to enlarge the
communicating site or suture the valve communicating orifice and remove the
cyst wall [6] [7]. No matter which surgical method is used, the current study da-
ta indicate that good clinical efficacy and low cyst recurrence rate have been
achieved [8].

According to the advantages of ultrasound interventional therapy, in this
study we used ultrasound-guided central venous catheter dilator to dilate the
valve communication between popliteal cyst and joint cavity, and to observe the

clinical efficacy and safety of this method.

2. Materials and Methods
2.1. Patients

Forty-eight patients with popliteal cysts who met the inclusion criteria and were
admitted to our hospital from December 2018 to June 2020 were selected, aged
40 - 69 years; 14 males and 34 females; the cysts were unilateral. All patients
were diagnosed with popliteal cysts located between the medial gastrocnemius
muscle and semimembranosus tendon by ultrasound and communicated with
the joint cavity, excluding knee deformity, instability, trauma, infection, history
of surgery and skin infection and giant cysts in the puncture area, cysts that did
not communicate with the joint cavity or multilocular cysts that communicated
with multiple joint cavities. They were randomly divided into group A (n = 24)

and group B (n = 24): group A was treated with ultrasound-guided central ven-
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ous catheter dilator to dilate the valve communication port between popliteal
cyst and joint cavity, and group B was treated with traditional open surgery to
remove popliteal cyst. The study was approved by the Ethics Committee of the
hospital and informed consent was signed by the patients.

2.2. Operation Method

In Group A, the patient was placed in the prone position with a thin pillow of
moderate thickness at the ankle to fully expose the popliteal fossa area, using an
ultrasonic diagnostic apparatus (Wisonic Navigator, Huasheng Medical Tech-
nology Co., Ltd.), a high-frequency probe was selected to scan the cyst in the
popliteal fossa area to observe whether there were separated and hyperechoic
images in the sac. Open the disposable epidural anesthesia puncture set and cen-
tral venous catheter set, routinely disinfect the operation area 3 times, spread a
sterile towel, apply an appropriate amount of coupling agent on the surface of
the probe, wrap the probe with sterile gloves, and pay attention that the surface
of the probe should be evenly fitted with gloves, so as not to produce bubbles af-
fecting the imaging effect. Ultrasound scans were used to dynamically observe
the cyst, so that the developed image was placed in the middle of the screen to
present the best image, to distinguish the medial gastrocnemius muscle and pe-
numbral tendon, and to determine the neck of the cyst. Local skin infiltration
anesthesia was performed at the puncture site. The sterile injection needle broke
the skin. The in-plane puncture technique was used. The epidural puncture
needle was replaced to penetrate into the cyst. The needle tip and needle body
were visualized in the middle of the screen as far as possible to facilitate the op-
eration. When the needle tip is close to the cyst neck, let the assistant fix the
needle body, place the guide wire by the operator, enter the entrance of cyst neck
under ultrasound visualization, slowly enter the joint cavity through the valve
communication orifice, and pay attention to the gentle action. Withdraw the
puncture needle, place the central venous catheter dilator along the catheter and
pass through the perforating site, pull back and forth, and change the direction
of the dilator to dilate the aperture of the perforating site. Withdraw the dilator,
place the lumbar puncture needle along the guidewire, then withdraw the gui-
dewire, withdraw the cyst fluid from multiple directions with a 20ml syringe, use
normal saline for lavage and suction for 3 - 4 times, use a 5 ml syringe to extract
1ml of anti-inflammatory and analgesic mixture (2% Lidocaine 2 ml + Triamci-
nolone Acetonide 10 mg + 0.9% Sodium Chloride Injection 2 ml) and inject it
into the cyst cavity, pull out the puncture needle, and use sterile gauze to ban-
dage after disinfection.

In Group B, under epidural anesthesia or arachnoid anesthesia, S or Z-shaped
incision was often made according to the cyst site, and then the tissue structure
around the cyst was separated in turn from shallow and deep, and resection was
performed after the cyst wall was fully visualized, the internal orifice suture was

ligated, adequate hemostasis was performed, the incision was sutured and
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dressed with elastic bandage after iodophor and normal saline irrigation.

The clinical results were compared between the two groups before treatment
and 6 months after treatment, and the VAS score, Lysholm score of knee joint
and Rauschning-Lindgren (RL) grade 0~I improvement rate were recorded be-

fore treatment and 6 months after treatment.

2.3. Data Analysis

Measurement data were expressed as (X = s) and t-test was used for compari-
son. Chi-square test was used to assess categorical variables. The level of signi-
ficance was set at p < 0.05. Statistical analysis was performed using IBM SPSS
Software, v.17.0. (IBM Corp., NY, USA).

3. Results

The general data of the two groups were similar (P > 0.05) and comparable
(Table 1). The Lysholm score of both groups after operation was significantly
higher than that before operation (P < 0.05). The VAS score was significantly
lower than that before operation (P < 0.05). Six months after operation, Lysholm
score and VAS score in group A were significantly better than those in group B
(P < 0.05) (Table 2), Rauschning and Lindgren grade 0~I was improved in
87.5% (21/24) of group A and 58.3% (14/24) of group B, which was higher in
group A than in group B (P < 0.05) (Table 3).

Table 1. Comparison of general data of patients.

Group A Group B t/x? Pvalue
Case 24 24
Age (years) 55.46 £ 6.15 56.63 + 6.58 0.64* 0.53
Sex (male/female, n) 6/18 9/15 0.87 0.35
Position (male/female, n) 10/14 8/16 0.356 0.55
BMI (kg/m?) 22.54+£2.12 23.78 £2.77 1.735* 0.09
R-L Grading (II/II, n) 16/8 15/9 0.9 0.76

R-L = Rauschning-Lindgren, *¢value.

Table 2. Comparison of knee joint function and pain score between the two groups (x

+ s, points).
Clinical Score n Before treatment Last follow-up P value
Lysholm
Group A 24 48.29 £ 9.69 85.17 £ 6.39 P <0.05
Group B 24 47.96 *+ 8.46 78.83 +£4.63 P<0.05
t 0.127 3.928
P value 0.900 0.000
VAS
Group A 24 6.13 £ 0.99 1.71 £ 1.04 P <0.05
Group B 24 6.21 +1.18 2.70 £ 1.04 P <0.05
t —-0.265 -3.325
Pvalue 0.792 0.002
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Table 3. Comparison of postoperative improvement rate between the two groups.

R-L grade/case

Group Grade 0 Grade I Grade IT Grade III Percentage of grade 0~I
A 8 13 3 0 21 (87.5%)
B 4 10 10 0 14 (58.3%)
X - - - - 5.169

Pvalue - - - - 0.023

4. Discussion

Children develop primary popliteal cysts without knee-related disease, do not
communicate with the joint space, cysts often exist alone, generally do not re-
quire treatment, and most will disappear automatically [9] [10]. Adult secondary
popliteal cysts, cysts often communicate with the joint cavity, and there are joint
pathological lesions, such as rheumatoid arthritis, arthritis and so on. At present,
domestic and foreign scholars generally agree that the causes of popliteal cysts
are knee joint effusion caused by various pathological reasons, increased joint
cavity pressure, effusion flowing into the gastrocnemius semi-membranous
muscle sac through the unidirectional valve communication structure between
GSB and joint cavity, but cannot reflux back to the joint cavity, which leads to
the occurrence of popliteal cysts [11]. With the development of arthroscopic
techniques, Sansone and DePonti [12] first used arthroscopy to dilate the unidi-
rectional valve channel between the popliteal cyst and the joint space, but did
not resect the capsule wall, and 95% of patients were found to improve their
clinical symptoms at 2 years of follow-up. Thus, the key to treatment is not
whether to remove the capsule wall, and the treatment of unidirectional valve
structure and intra-articular lesions can achieve effective treatment of popliteal
cysts. In this study, patients in the ultrasound-treated group had significantly
higher Lysholm scores 6 months after surgery than before surgery, and knee
function was also well improved. It shows that ultrasound-guided central venous
catheter dilator destroys the unidirectional valve structure and dilates the com-
munication caliber between the cyst and the joint cavity so that the fluid on both
sides can circulate freely in both directions and facilitate the absorption of effu-
sion.

Popliteal cysts in children are mostly primary, without knee joint-related dis-
eases, and do not communicate with the joint cavity. Cysts often exist alone,
generally do not need treatment, and most of them will disappear automatically
[9] [10]. Adults are mostly secondary popliteal cysts, cysts often communicate
with the joint cavity, and there are joint pathological lesions, such as rheumatoid
arthritis, osteoarthritis, and so on. At present, scholars generally agree that the
occurrence of popliteal cyst is due to a variety of pathological causes of knee
joint effusion, the increase of joint cavity pressure, and the effusion flows into
the gastrocnemius semimembranous muscle capsule through the one-way val-

vular communication structure between GSB and joint cavity, but cannot flow
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back to the joint cavity, which leads to the occurrence of popliteal cyst [11].
With the development of arthroscopy, Sansone and DePonti [12] used arthros-
copy to dilate the unidirectional valvular passage between popliteal cyst and ar-
ticular cavity for the first time, but the cyst wall was not removed. Follow-up for
2 years found that 95% of the patients’ clinical symptoms improved. Thus it can
be seen that the key to the treatment is not whether to remove the cyst wall or
not. The treatment of unidirectional valvular structure and intra-articular le-
sions can effectively treat popliteal cysts. In this study, the Lysholm score of pa-
tients in ultrasound treatment group was significantly higher than that before
operation 6 months after operation, and the function of knee joint was also im-
proved. It shows that the dilator of the central venous catheter under the guid-
ance of ultrasound destroys the unidirectional valve structure and expands the
communication caliber between the cyst and the joint cavityso that the fluid on
both sides can flow freely in both directions and facilitate the absorption of effu-
sion.

With the development of musculoskeletal ultrasound technology, ultrasound
can identify the superficial tissue around the knee joint, determine the size of
popliteal cyst and the location of neck. Under the guidance of ultrasound, the
method of in-plane puncture is adopted to realize the visualization of the whole
process of needle and improve the accuracy of puncture and operation. The au-
thor summarizes that in the process of operation, the unidirectional valve struc-
ture should be dealt first, and the unidirectional valve structure should be de-
stroyed completely. In the beginning, the cyst fluid cannot be sucked. If the cyst
fluid is sucked out, the unidirectional valve structure is not easy to be identified
under ultrasound. During the treatment, it should be noted that there are mul-
tiple unidirectional valve-like structures in some popliteal cysts, and each
valve-like structure needs to be treated. When the expander expands the traffic
port, it is recommended to expand back and forth in multiple directions repeat-
edly, to make the diameter of the channel fully expanded as far as possible, to

avoid adhesion and recurrence caused by smaller caliber.

5. Conclusion

Ultrasound-guided central venous catheter dilator is safe and effective in the
treatment of popliteal cyst. It makes use of the advantages of ultrasound visuali-
zation to expand the one-way valve orifice in the case of minimally invasive,
avoiding surgical treatment of patients, and also achieves a good clinical treat-
ment effect. The deficiency is that the number of samples is small and the fol-
low-up time is short, which needs to be further confirmed by large samples and

long-term follow-up studies.
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