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tendon flap
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Objective: To investigate the efficacy of gastrocnemius medial head tendon flap
repair in the treatment of recurrent popliteal cysts in children.

Methods: A retrospective analysis was conducted on the data of 65 cases of
recurrent popliteal cysts in children admitted to our department from January
2014 to December 2023. Preoperatively, the popliteal cysts were graded
according to the Rauschning and Lindgren grading: Grade 0 in 1 case, Grade
| 'in 10 cases, Grade Il in 23 cases, and Grade lll in 31 cases. The preoperative
Lysholm score of the affected knee joint was (71.79 + 5.95) points. During the
operation, after the removal of the popliteal cyst, the medial head of
gastrocnemius tendon flap repair was performed to close the joint capsule
hernia orifice. The clinical efficacy was assessed by comparing the
Rauschning and Lindgren popliteal cyst grading and the Lysholm score of the
affected knee joint preoperatively and at 1, 6, 12, and 24 months postoperatively.
Results: All 65 cases were followed up. No significant neurological
complications occurred postoperatively in any case. At the last follow-up, no
limitations in knee joint motion were observed. The surgical duration ranged
from 30 to 165 min, with a mean of (74.18 + 28.16) minutes; intraoperative
blood loss ranged from 10 to 30 ml, with a mean of (17.43 + 5.36) ml; and
the postoperative hospital stay ranged from 2 to 6 days, with a mean of
(3.03+1.91) days. At 1, 6, 12, and 24 months postoperatively, the Rauschning
and Lindgren popliteal cyst grading and the Lysholm score of the affected
knee joint showed significant improvement compared with preoperative
values, with statistically significant differences (P<0.05). The grading and
scores at 6, 12, and 24 months postoperatively were significantly better than
those at 1 month postoperatively, with statistically significant differences
(P<0.05). However, no significant differences were observed in the grading
and scores between 6, 12, and 24 months postoperatively (P>0.05). No
recurrence was detected in any case during the regular follow-up examinations.
Conclusion: The gastrocnemius medial head tendon flap repair can effectively
reinforce the hernial orifice between the popliteal cyst and the knee joint cavity,
achieving good therapeutic efficacy in treating recurrent popliteal cysts in children.
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Introduction

Popliteal cysts were first described by Baker in 1877 and are a
common condition of the knee joint in children (1). The cause
and pathophysiology of popliteal cysts in children is not yet
fully understood. The most frequently mentioned theory in
previous studies has been that BC is caused by the connection
between the cyst and the joint space (2). Traditional surgical
procedures often involve open excision of the cyst followed by
direct ligation and suturing of the neck of the cyst hernia sac,
but a high recurrence rate after surgery has been frequently
reported in the literature (3). In recent years, our department
has modified local repair techniques by using a gastrocnemius
medial head tendon flap repair method to cover the hernial
orifice of the posterior knee joint capsule. We performed
surgery on 65 children with recurrent popliteal cysts after
excision, and the outcomes were satisfactory. A report is
presented as follows.

Materials and methods
Patients and design

This study retrospectively analyzed the clinical data of 65
children who underwent surgical treatment in our department
from January 2014 to December 2023. Among them, there were
55 boys and 10 girls. Age ranged from 3 to 11 years, with an
average of 6.11 +2.06 years. 32 cases were on the left side, and
33 cases were on the right side. Postoperative recurrence
duration were 3.00 (3.00, 4.00) months and all cases denied a
history of trauma. Preoperative knee joint MRI examinations
were performed, and the popliteal cysts were classified according
to the degree of knee joint pain, swelling, and limited range of
motion based on the Rauschning and Lindgren grading: Grade 0
in lcase, Grade I in 10 cases, Grade II in 23 cases, Grade III in
31 cases. The preoperative Lysholm score for the affected knee
joint was 71.79£5.95 points (Table 1). During surgery, after
excising the recurrent cyst, the gastrocnemius medial head
tendon flap repair was performed to repair the hernial orifice of
the posterior knee joint capsule.

Inclusion criteria: 1. The patient was diagnosed with popliteal
cyst at the first visit and it recurred after one or more surgeries

TABLE 1 Baseline patient characteristics.

Variables _______________ stisic

Age (year) 6.11+£2.06

Postoperative recurrence duration (month) 3.00 (3.00, 4.00)

Gender (n,%)

Male 55 (84.62)
Female 10 (15.38)
Affected side (n,%)

Left 32 (49.23)
Right 33 (50.77)
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(the definition of the recurrent popliteal cysts); 2. Under the age
of 18.
Exclusion criteria: 1. Initial surgery; 2. Over the age of 18.

Surgical techniques

After general anesthesia, the child was placed in the prone
position, and the area was sterlized. An “S” shaped incision of
the medial popliteal fossa, 3-4 cm in length, was made. The
skin, subcutaneous tissue, and deep fascia were incised layer by
layer, carefully exposing the recurrent cyst (Figure 1A), while
taking care to protect the surrounding blood vessels and nerves.
The base of the cyst was seen extending into the posterior knee
joint cavity. The cyst was opened in advance, and the cyst fluid
was aspirated using a suction device (Figure 1B). The cyst wall
was separated to the base, and the excess cyst wall was excised
to reveal the hernial orifice communicating with the joint
capsule (Figure 1C). A thin layer of tendon from the medial
head of the adjacent gastrocnemius was split (Figure 1D) to
form a thin tendon flap slightly larger than the base (Figure 1E),
which was then folded over and circularly sutured to repair the
hernial orifice (Figures 1F,G). The wound was irrigated, and
hemostasis was thoroughly achieved. The incision was closed in
layers with absorbable sutures. The excised cyst was sent for
examination. limb was

pathological Postoperatively, the

immobilized with a plaster cast for 3 weeks.

Data collection

Follow-up was conducted through outpatient reviews and
telephone inquiries. Within the first year postoperative, the knee
joint was examined every six months using ultrasound, and
annually thereafter with ultrasound. Based on the preoperative
and postoperative Rauschning and Lindgren popliteal cyst
grading and the Lysholm score assessed by the surgeon of the
affected knee joint, the improvement of the children’s clinical
symptoms was assessed.

Statistical analysis

Data analysis was conducted using SPSS 23.0 statistical
software. The Shapiro-Wilk test was used to assess the
normality of the measurement data. If the P-value of the
Shapiro-Wilk test was greater than 0.05, the measurement data
were considered to follow a normal distribution. Otherwise, the
measurement data were considered not to follow a normal
distribution. Measurement data that met the normal distribution
were expressed as x*s, while those that did not meet the
normal distribution were expressed as M (Q1, Q3). Count data
were compared as percentages (%). The Friedman test was used
for the comparison of grades before and after surgery. For
significant variables, pairwise comparisons were conducted using
the Bonferroni method. Repeated measures analysis was used for
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FIGURE 1
Gastrocnemius medial head tendon flap repair for treating recurrent popliteal cysts. (A) Careful exposure of cyst; (B) Opening the cyst in advance and
draining the fluid; (C) The cyst communicating with the posterior knee joint cavity; (D) Spliting the medial head of gastrocnemius tendon with
electrotome; (E) Forming a thin tendon flap of the medial head of the gastrocnemius tendon; (F) Fliping up the medial head tendon flap of the
gastrocnemius muscle; (G) The hernia orifice was repaired using the medial head tendon flap of gastrocnemius tendon.
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the comparison of scores before and after surgery, and pairwise
comparisons for significant variables were conducted using the
Turkey method. A P-value less than 0.05 was considered
statistically significant.

Results
The baseline patient characteristics

The perioperative period general data

In 65 cases, postoperative pathology confirmed all were
recurrences of popliteal cysts. All postoperative incisions healed
well, with no significant neurological complications such as
sensory or motor dysfunctions observed. All cases had follow-
ups. At the last follow-up, no limitations in knee joint
movement were found. The operation time was 30-165 min,
with an average of 74.18 +28.16 min. Intraoperative blood loss
was 10-30 ml, with an average of 17.43 £ 5.36 ml. Postoperative
hospitalization days were 2-6 d, with an average of 3.03 £ 1.91 d.

The rauschning and lindgren popliteal cyst
grading and the lysholm score results

At 1, 6, 12, and 24 months postoperatively, the Rauschning
and Lindgren popliteal cyst grading and the Lysholm score of
the affected knee showed significant improvement compared to
the preoperative levels, with differences being statistically
significant (P <0.05). At 6, 12, and 24 months postoperatively,

TABLE 2 Preoperative and postoperative Rauschning and Lindgren
popliteal cyst grading.

Variables Grade 0 | Grade | | Grade Il | Grade Il
Preoperative 1(1.54) | 10 (15.38) | 23 (35.38) | 31 (47.69)
1 month postoperative® 9 (13.85) | 29 (44.62) = 20 (30.77) 7 (10.77)
6 months postoperative""b 18 (27.69) | 43 (66.15) 4 (6.15) 0 (0.00)
12 months 18 (27.69) | 43 (66.15) | 4 (6.15) 0 (0.00)
postoperative™®

24 months 19 (29.23) | 40 (61.54) 5 (7.69) 1 (1.54)
postoperative™®

Z 122911

P <0.001*

*Compared with preoperative levels, the differences were statistically significant (P < 0.05).
Compared with the levels at 1 month postoperatively, the differences were statistically
significant (P < 0.05).

*The differences were statistically significant (P < 0.05).
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the grading and score also demonstrated improvement
compared to those at 1 month postoperatively, with differences
being statistically significant (P <0.05). However, the results of
grading and score at 1 month, 6 months and 24 months after
surgery showed no significant difference among all groups

(P>0.05) (Tables 2, 3).

Typical case

A 9-year-old boy was admitted with the chief complaint of
recurrent popliteal cyst. Preoperative knee joint MRI indicated:
cyst around the medial head of the left knee joint (Figures 2, 3).
He underwent excision of left popliteal cyst combined with
gastrocnemius medial head tendon flap repair. Postoperative 3
MRI

years follow-up knee joint showed no

(Figures 4, 5).

recurrence

Discussion

The etiology of popliteal cysts is currently thought to be
possibly related to a unidirectional valve mechanism within the
knee joint. Essentially, it is an enlarged gastrocnemius-
(GSB),

unidirectional valve causes fluid to flow from the knee joint

semimembranosus bursa and the presence of a
cavity to the bursa, which is a fundamental factor in the
formation and persistence of popliteal cysts (4). Due to the
action of the gastrocnemius and semitendinosus, during flexion
the “valve” opens and the synovial fluid under pressure moves
into the bursa; during extension the “valve” closes due to the
tension of these muscles and the fluid remains trapped inside
the bursa (5). The related clinical symptoms and the size and
location of the cyst are closely related, and common symptoms
include: popliteal mass or swelling, knee joint effusion, pain,
thrombophlebitis, knee joint locking and so on (6).

Popliteal cysts in children differ from those in adults (7). They
typically have no history of trauma, mostly primary, and usually
have no lesions within the joint cavity (7-9). In children,
popliteal cysts tend to occur most frequently in those aged 4-7
years (10). De Maeseneer conducted an epidemiological survey
on popliteal cysts in children, finding an incidence rate of 6.3%
(11). Seil found that 2.4% of children under 15 years old with
popliteal cysts are asymptomatic (12). Whether the popliteal
cysts are connected with the articular cavity is controversial. It
was previously believed that popliteal cysts in children did not

TABLE 3 Preoperative and postoperative Lysholm score of the affected knee.

Variables | Preoperative 1 month

postoperative®

6 months
postoperative®®

24 months
postoperative®®

12 months
postoperative®®

Lysholm 71.97 +5.95 78.35+5.26 84.91+4.92 85.15+4.58 85.57 +4.97
score

F 86.687

P <0.001*

“Compared with preoperative levels, the differences were statistically significant (P < 0.05).

"Compared with the levels at 1 month postoperatively, the differences were statistically significant (P < 0.05).

*The differences were statistically significant (P <0.05).
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FIGURE 2 AND 3

Preoperative MR sagittal and transverse views show multicystic lesions around the medial head of the gastrocnemius
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FIGURE 4 AND 5

MR sagittal and transverse views show no recurrence at 3 years postoperative

Study Date:2021-04-17
Study Time:9:59:06
MRN;

communicate with the knee joint cavity (13). However, with the
of ultrasound, MRI, and
numerous studies have believed that most popliteal cysts in
children are connected to the knee joint cavity (14). Due to the

widespread use arthrography,

communication between the cyst and the joint cavity,

incomplete or difficult repair of the rupture between them

Frontiers in Pediatrics

during the initial surgery is a significant reason for
postoperative cyst recurrence.

The classic surgical procedure for children’s popliteal cysts is
open cyst excision, closing the channel between the cyst and the
joint cavity. However, because the cyst wall is difficult to

separate and the base of the cyst is not easily ligated thoroughly.
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Literature reports a recurrence rate of up to 50%-63% for this
procedure. In 2014, Ningbo and others proposed the internal
purse-string suture method for treating 26 cases of pediatric
communicating popliteal cysts (15). This method involves
preemptively opening the cyst and using a technique similar to
high ligation of a pediatric hernia sac at the cyst’s root for
internal purse-string suturing, yielding satisfactory results.
Research by Su and others indicates that internal drainage of the
cyst combined with cyst wall resection under arthroscopy of the
knee joint can reduce the recurrence rate of cysts compared to
simple internal drainage of the cyst, although it simultaneously
increases the incidence of perioperative complications (16).
Huang used a technique to manage the recalcitrant popliteal
cysts through posterior capsule reconstruction with a double-
layered tensor fascia lata graft. This technique apparently offers
very secure anchorage plus double coverage (17).

Current strategies for recurrent cysts emphasize addressing the
fundamental communication pathway. Traditional open excision
alone has been associated with higher recurrence rates, leading
to the development of various techniques aimed at securely
closing the neck of the cyst. These include open techniques with
internal purse-string suturing or weaving sutures to reinforce
the potential space between the semimembranosus and
semitendinosus tendons, and arthroscopic procedures such as
cystectomy, internal drainage, and widening of the valvular
opening to eliminate the one-way valve mechanism. Recent
studies suggest that arthroscopic management, while potentially
more technically demanding, can offer advantages in terms of
lower recurrence rates and better visualization of intra-articular
structures, though robust comparative studies specifically in
recurrent pediatric cases are limited.

In this study, we used a modified local repair technique to
treat recurrent popliteal cysts in children. Intraoperatively, it was
found that the cyst cavity was filled with clear yellow fluid, and
the base of the cyst was connected to the knee joint cavity,
which also confirmed the views of modern literature. How to
better manage the channel between the cyst and the joint cavity
during surgery is key to preventing recurrence. We adopted the
technique of splitting and suturing the gastrocnemius medial
head tendon flap to reinforce the knee joint hernial orifice. We
believe that this suturing method can minimize the residual
volume of the posteriorly protruding joint capsule. Additionally,
the gastrocnemius medial head tendon flap fixed at the hernial
orifice can further strengthen the weakened posterior joint
capsule after cyst excision, resisting the intra-articular pressure,
and etiologically blocking the unidirectional outflow of fluid
from the knee joint cavity, avoiding excessive tension caused by
direct suturing of the hernial orifice, and postoperative
movement caused tearing at the suture site, leading to the
reopening of the hernial orifice and recurrence of the cyst (18).
Compared with tensor fascia lata graft reconstruction of the
posterior capsule, the gastrocnemius medial head tendon flap
repair is less invasive and does not require additional lateral
thigh incision. In this series of cases, the recurrence cases
showed significant adhesion at the surgical site, making cyst
dissection difficult and the base unidentifiable. Direct suture
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repair of the joint capsule hernial orifice was challenging. The
use of the gastrocnemius medial head tendon flap for repair
these simplified the
procedure, shortened the surgery time, and reduced blood loss.

effectively avoided issues, surgical
Through follow-up, none of the 65 children showed cyst
recurrence. And the postoperative knee joint Lysholm score and
the Rauschning and Lindgren popliteal cyst grading improved
compared to preoperative, with the difference being statistically
significant at 1 month, 6 months, 12 months, 24 months
(P<0.05). However, there was no difference in score and
grading between all the groups after surgery (P> 0.05). These
results indicate that the treatment of recurrent popliteal cyst
with gastrocnemius medial head tendon flap repair is effective
in the short-term postoperative follow-up.

The purpose of plaster fixation after popliteal cyst surgery is to
keep the children’s knee joint at rest, preventing increased intra-
articular pressure due to early postoperative movement, which is
beneficial for the solid healing of the gastrocnemius medial head
tendon flap repair at the hernial orifice, effectively preventing
early cyst recurrence. During long-term postoperative follow-up,
we found that partial splitting of the gastrocnemius medial head
tendon flap and postoperative plaster fixation did not affect the
knee joint function of the children.

Of course, there are also shortcomings in this study. This
study is a single-center retrospective case analysis with a small
sample size. It awaits further research and validation through
multi-center, large-sample, long-term follow, prospective studies.
The gastrocnemius medial head tendon flap repair technique for
treating recurrent popliteal cysts in children has not yet been
widely adopted, and the long-term postoperative efficacy
requires further follow-up for validation. In future studies, the
sample size will be increased, and the follow-up period will be
extended to further validate the efficacy of this surgical procedure.

Conclusion

In summary, the gastrocnemius medial head tendon flap
repair can effectively reinforce the repair between the popliteal
cyst and the hernial orifice of the knee joint cavity, achieving
good results in treating recurrent popliteal cysts in children.
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