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Analysis of the efficacy of triple-channel i
minimally invasive knee arthroscopy
in treating popliteal cysts in children

Yongwei Zhou'", Qining Yang'", Jiayu Kang' and Shan He*'

Abstract

Background This study aimed to investigate a technique for treating pediatric popliteal cysts with a triple-channel
knee arthroscopic approach, hypothesizing that this technique exhibits favorable clinical outcomes with reduced
recurrence rates.

Methods A retrospective analysis was conducted on the clinical data of 14 patients with symptomatic pediatric
popliteal cysts admitted to the joint surgery center using an arthroscopic minimally invasive technique from
December 2017 to December 2020. Arthroscopy was employed for adequate enlargement of the posterior medial
flap opening between the cyst and the joint cavity and to completely resect the cyst wall. The popliteal cyst
recurrence was assessed through Magnetic Resonance Imaging(MRI) at 3 and 12 months post-surgery, and the
Rauschning and Lindgren scores were recorded to evaluate the clinical prognosis.

Results A total of 14 children completed the follow-up, including 8 boys and 6 girls, with a mean age of 9.9+ 1.1
years (5-12 years); 5 cases in the left knee and 9 cases in the right knee; the mean operative time was 19.2+2.7 min
(10-25 min); and the mean follow-up time was 15.1 + 2.4 months (12-24 months). There was no intraoperative
vascular or nerve injury and no incisional exudate infection. Postoperatively, posterior knee symptoms disappeared in
the children, Rauschning and Lindgren scores significantly improved, and no recurrence signs were observed on MRI.

Conclusions This study determined that the arthroscopic three-channel minimally invasive technique is effective
and safe for treating popliteal cysts in children, making it worthy of clinical promotion.
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Background

Popliteal cyst, the general term for synovial cyst in pop-
liteal fossa, is a common knee joint disease. It was first
systematically described by Baker in 1877. Popliteal cyst
commonly occurs in the synovial sac of the medial head
of the semimembranous and gastrocnemius muscles,
often communicating with the joint cavity, and also
known as Baker’s cyst [1]. Popliteal cysts are more com-
mon in children than knee joints and have various treat-
ment methods, with most being conservative; however,
some patients still need surgical intervention [2—4]. With
recent advancements in arthroscopic technology, numer-
ous surgical techniques have been employed to treat pop-
liteal cysts in adults, yielding satisfactory outcomes and
an exceptionally low recurrence rate [5-7]. To the best
of our knowledge, limited literature exists on the utiliza-
tion of this minimally invasive treatment in children with
popliteal cysts [8, 9]. Therefore, this study used a three-
channel minimally invasive knee arthroscopy technique
to treat popliteal cysts in children.

Method

Clinical data

This retrospective study was conducted using existing
clinical data of 14 children with symptomatic, communi-
cating popliteal cysts admitted to the Department of Joint
Surgery of our hospital from December 2017 to Decem-
ber 2020. This study was approved by the Review Board
of Jinhua Municipal Central Hospital. Patient-informed
consent and ethical review were obtained because this
study involved a retrospective analysis of existing imag-
ing data.

All 14 patients had typical distending pain in the rear
of the knee joint, along with limited knee bending, and
magnetic resonance imaging (MRI) confirmed the pres-
ence of popliteal cysts (Fig. 1). Patient-informed consent
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and ethical approval were obtained for this retrospec-
tive analysis of existing imaging data. All patients exhib-
ited no significant improvement in symptoms after six
months of conservative treatment. Therefore, all patients
underwent three-channel minimally invasive knee
arthroscopy to treat popliteal cysts, and the clinical effi-
cacy was evaluated using the scoring criteria proposed by
Rauschning and Lindgren [10]. All procedures were per-
formed by a single senior sports medicine physician.

Surgical methods

All patients were positioned supine under general anes-
thesia. Standard high anterolateral and anterolateral
approaches were established, and routine arthroscopy
and intraarticular inflammatory synovial clearance were
performed. The arthroscope was introduced into the
posterior compartment through the space between the
medial side of the femoral medial condyle and the poste-
rior cruciate ligament. A high posterior medial entrance
was created from the outside to the inside through a lum-
bar puncture needle. Typically, the opening is located
posteromedial to the medial head of the gastrocnemius,
behind the plicae sac and the semimembranous muscle
(Fig. 2). A high posteromedial approach was employed
to excise a portion of the joint capsule using a planer.
The capsule cavity was subsequently opened to intro-
duce an arthroscope into the cavity under direct vision,
and the capsule fold was cleared using a planer to expose
the medial head of the gastrocnemius muscle (Fig. 2). A
planer and radiofrequency ablation were then used to
enlarge the valve opening and re-establish normal two-
way channels. All procedures were performed on the
posteriomedial side of the medial head of the gastrocne-
mius muscle to avoid vascular and nerve damage.

Fig. 1 (A) Sagittal MRI of popliteal cyst. (B) Cross-sectional MRI of popliteal cyst
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Fig. 2 (A) Arthroscope was inserted into the posteromedial compartment from between the PCL and medial epicondyle of the femur. (B) A lumbar
puncture needle was inserted into the posteromedial space to create the posteromedial portal. (C) A shaver was inserted from posteromedial portal for
expansion of the valvular structure to expose the medial head of the gastrocnemius. (D) The cyst valvular opening to expose and remove the inner cyst

wall with the shaver

Table 1 Basic information of patients and clinical efficacy

Gender Age (year) Surgical Duration of sur-  Follow-up pe-  Rauschning and Lindgren grade
spot gery (min) riod (month) Preoperative 3 months after 12
surgery months
after
surgery

Male 10 Left 20 12 Il 0 0
Female 9 Right 10 12 Il 0 0
Male 8 Left 15 15 Il 0 0
Male 5 Left 16 12 I 0 0
Female 10 Right 18 16 Il I 0
Male 12 Right 24 16 I 0 0
Male 1 Right 20 15 I I 0
Female 10 Left 19 24 Il 0 0
Female 1 Right 22 12 Il 0 0
Male 9 Right 25 14 Il 0 0
Female 12 Right 15 12 Il 0 0
Male 9 Left 25 24 I 0 0
Male 10 Right 25 12 Il I 0
Female 12 Right 18 15 I 0 0

99+1.1 - 192427 151+£24 - - -

Postoperative treatment

The postoperative rehabilitation exercises were followed
for all the patients under the supervision of rehabilitation
specialists. Postoperative antibiotics are not required;
only knee icing should be applied intermittently within
24 h post-surgery, and the knee joint can be actively
moved and placed to the ground one day after surgery.
Patients were discharged from the hospital 2-3 days
post-surgery and progressively resumed their daily activi-
ties 2 weeks post-surgery. Regular postoperative outpa-
tient follow-up was conducted. The clinical effects were
assessed using Rauschning and Lindgren scoring criteria
at 3 and 12 months post-surgery.

Statistical analysis

IBM’s Statistical Package for the Social Sciences soft-
ware (version 21.0) was used for data processing. The
Shapiro—Wilk test was utilized to determine whether

continuous variables followed a normal distribution.
Data are presented as meantstandard deviation (x=s).
The Chi-square test was employed for categorical data.
P-values<0.05 were considered statistically significant.

Results

A total of 14 children were followed up, including 8 boys
and 6 girls, with an average age of 9.9+1.1 years (5-12
years). There were 5 cases of the left knee and 9 of the
right knee; the mean operative time was 19.2+2.7 min
(10-25 min). The mean follow-up time was 15.1+2.4
months (12-24 months; Table 1). During the surgery,
there were no vascular and nerve injuries and no inci-
sional fluid infection. After surgery, the posterior knee
symptoms of the patients disappeared, and Rauschning
and Lindgren’s scores significantly improved (Table 2).
Moreover, no recurrence signs were observed on MRI in
all cases.
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Table 2 Rauschning-Lindgren grade of patients

Grade Preoperative (n) 3 months after 12 months
surgery (n) after sur-
gery (n)

0 grade 0 11 14

I grade 0 3 0

Il grade 2 0 0

Il grade 12 0 0
Discussion

Popliteal cysts, in children, are primarily asymptomatic
cystic masses behind the knee joint. Compared with
adults, popliteal cysts in children have a lower incidence
of popliteal cysts, with unknown causes and a reported
prevalence ranging from 2.4—6.3% [11]. However, popli-
teal cysts are highly prevalent (as high as 61%) in children
with juvenile rheumatoid arthritis, which may be attrib-
uted to repeated fluid accumulation in the joints [12].
Children are most susceptible to popliteal cysts between
4 and 7 years of age. Most patients are asymptomatic and
can be effectively treated using conservative methods,
such as braking, Nonsteroidal Antiinflammatory Drugs
(NSAIDs), or intraarticular injection. However, studies
have highlighted that the self-healing process of some
cysts takes more than several years [13]. Moreover, some
studies have indicated that surgical treatment is effective
for patients with continuous cyst enlargement, periph-
eral vascular and nerve compression, or even cyst rup-
ture [14]. The necessity of surgical treatment for popliteal
cysts remains a topic of debate.Van et al. followed up 20
cysts in children. In the follow-up period, which ranged
from 5 to 10 years, 14 cysts were treated conservatively,
which eight had disappeared and six had shrunk [7].
However, some researchers have indicated that surgical
intervention becomes essential when children experience
uncomfortable symptoms [14, 15].

The symptoms commonly associated with cyst size
include discomfort, distending pressure, and stiffness
within either the posterior or posteromedial aspect of the
knee joint. Upon physical examination, a resilient oval-
shaped protrusion eliciting a wave-like sensation could
be detected centrally or laterally within their posterior
popliteal fossa region. Patients might encounter hyperex-
tension-related discomfort closely linked to their range of
motion. In a study by Bryan et al. involving 38 individu-
als afflicted with popliteal cysts, prevalent manifestations
comprised distending pressure within the popliteal fossa
(76%) and pain in the posteromedial knee joint (32%)
[16]. A larger cyst leads to more pronounced constraints
on knee extension and flexion post-physical exertion,
particularly when compared to smaller counterparts.

Rauschning also comprehensively described that the
“fissure-like” structure formed by the medial head of the
gastrocnemius and the semimembranous muscles was

Page 4 of 6

like a valve [17]. During flexion, it opens due to the ten-
sion of the semimembrane tendon. During the extension
process, the connection is closed due to the intersqueez-
ing of the semimembranous muscle and the medial head
of the gastrocnemius muscle. In response to the “valve
mechanism” theory, some researchers [11, 18] intended
to reduce the cyst recurrence by closing the valve open-
ing with a valve suture. Lindgren et al. measured pressure
within the joint cavity and the gastrocnemio-semimem-
branosus bursa during normal knee flexion and exten-
sion [18]. This repair may not maintain normal pressure,
which may contribute to the high recurrence rate of cysts
in patients after valve closure repair.

In adults, with the development of arthroscopy tech-
nology, several studies have confirmed the effectiveness
of minimally invasive knee arthroscopy technology in
treating popliteal cysts, with a very low recurrence rate
[19-21]. Adult popliteal cysts are believed to communi-
cate with the knee joint (Fig. 3). However, there is ongo-
ing debate regarding whether popliteal cysts in children
are communicated with the joint lumen. Numerous
studies have believed that popliteal cysts in children also
communicate with the joint lumen [22, 23]. The accumu-
lation of fluid in the joint lumen into the space of the gas-
trocnemius semi-membrane sac is the underlying cause
of popliteal cysts in children. The arthroscopic surgical
technique employed in the current study is established
on this principle, which may provide an effective, mini-
mally invasive treatment for popliteal cysts in pediatric
patients while reducing the recurrence risk.

The capsular fold was removed intraoperatively in
the present study, and the posteromedial valvular junc-
tion area was further expanded by at least 5 mm. This
intervention was sufficient to transform the unidirec-
tional flow between the joint cavity and the gastrocne-
mius-semimembrane sac into the normal bidirectional
flow. The final follow-up results were satisfactory, with-
out recurrence and postoperative complications in all
patients.

A significant limitation of this study was the absence
of a control group with open surgery and conservative
treatment. Furthermore, the number of cases and the
duration of follow-up were insufficient. Further con-
trolled studies will be conducted with large numbers of
cases and long-term follow-up to confirm the feasibility
of this technique.

Conclusions

In summary, the arthroscopic three-channel minimally
invasive technique for treating popliteal cysts in children
is effective, safe, and worthy of clinical promotion.
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Fig. 3 Anatomical diagram of popliteal cyst
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