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Abstract
Introduction  A one-way valve lesion plays an important role in the formation of Baker’s cysts and serves as an important 
landmark for accessing these cysts during arthroscopic surgery. This study aimed to investigate the incidence of one-way 
valve lesions and their effect on clinical outcomes in patients who underwent arthroscopic cystectomy for Baker’s cysts.
Materials and methods  Patients who underwent arthroscopic cystectomy for Baker’s cysts between June 2005 and Novem-
ber 2017 were retrospectively reviewed. Patient demographic characteristics, radiologic/arthroscopic findings (presence of 
one-way valve lesions, concurrent chondral and meniscal lesions, and cyst wall thickness), and clinical outcomes (clinical 
recurrence rate, Lysholm score, and complications) at the 2-year follow-up were evaluated. Subgroup analysis was performed 
to compare clinical outcomes between patients with and without one-way valve lesions.
Results  Thirty patients (mean age, 57.4 ± 9.4 years) were included in this study. One-way valve lesions were surgically 
documented in 11 patients (36.7%). Ten patients (33.3%) had chondral lesions with an International Cartilage Repair Soci-
ety grade ≥ 3, and 23 patients (76.7%) had concurrent chondral and meniscal lesions. At the 2-year follow-up, none of the 
patients had experienced clinical recurrence; the mean Lysholm score was 76.3 ± 17.5 (48–100). Three patients reported 
persistent pain, while two reported numbness or paresthesia. Subgroup analysis showed no significant differences in clinical 
recurrence rates, Lysholm scores, and complication rates between the groups.
Conclusions  The incidence of one-way valve lesions during arthroscopic cystectomy for Baker’s cysts was lower than that 
previously reported. Arthroscopic cystectomy showed good clinical results in patients with and without these lesions.

Keywords  Knee · Baker’s cyst · One-way valve · Incidence · Clinical outcomes · Recurrence

 *	 Sang‑Gyun Kim 
	 mup81@hotmail.com

	 Kyung Wook Nha 
	 kwnhamj@hotmail.com

	 Seung Joo Kim 
	 i9785@paik.ac.kr

	 Jong Hun Park 
	 i9752@paik.ac.kr

	 Ji Hoon Bae 
	 osman@korea.ac.kr

	 Ki‑Mo Jang 
	 kimo98@hanmail.net

1	 Department of Orthopaedic Surgery, Inje University Ilsan 
Paik Hospital, Gyeonggi‑do, Republic of Korea

2	 Department of Orthopaedic Surgery, Korea University Guro 
Hospital, Seoul, Republic of Korea

3	 Department of Orthopaedic Surgery, Korea University Anam 
Hospital, Seoul, Republic of Korea

4	 Department of Orthopaedic Surgery, Korea University Ansan 
Hospital, Gyeonggi‑do, Republic of Korea

http://orcid.org/0000-0002-1808-1094
http://crossmark.crossref.org/dialog/?doi=10.1007/s00402-021-04076-8&domain=pdf


288	 Archives of Orthopaedic and Trauma Surgery (2023) 143:287–294

1 3

Introduction

Baker’s cyst is a common pathology in patients with 
degenerative osteoarthritis of the knee joint. Baker et al. 
defined it as a distension of the gastrocnemius-semimem-
branosus bursa due to entrapment of synovial fluid [1]. 
The treatment of these cysts using the conventional surgi-
cal technique of open resection is associated with a high 
recurrence rate of up to 50% because the intraarticular 
pathologies responsible for the effusion cannot be treated 
using open procedures [2–4]. With the recent advance-
ments in arthroscopic techniques, arthroscopic cystectomy 
is commonly performed for treating Baker’s cysts, their 
orifices, and associated intra-articular pathologies [5–7].

Traditionally, a one-way valve lesion is defined as 
an opening of the Baker’s cyst behind the capsular fold 
located on the posteromedial side of the medial head of 
the gastrocnemius; this lesion permits unidirectional flow 
of knee effusions into the bursa through a valvular opening 
[3, 8]. This valvular mechanism plays an important role 
in the formation of Baker’s cysts and serves as an impor-
tant landmark for accessing the cyst during arthroscopic 
surgery [7, 9, 10].

Before the development of arthroscopy, the presence of 
a one-way valve lesion was confirmed by checking whether 
the contrast in the cyst spread into the joint [11, 12]. Cur-
rently, it can be visually checked using arthroscopy [13, 
14]. In previous studies, the incidence of one-way valve 
lesions during arthroscopic treatment for Baker’s cysts was 
reported to be 71–100% [13–15]. However, in our clinical 
experience, these lesions were not detected as often as pre-
viously reported. Although there have been clinical studies 
that evaluated the symptoms and intra-articular pathology 
in patients with and without one-way valve lesions [12], 
few studies have investigated the effect of one-way valve 
lesions on clinical outcomes after arthroscopic cystectomy.

Therefore, this study aimed to investigate the incidence 
of one-way valve lesions and their effects on clinical out-
comes (clinical recurrence rate, Lysholm score, and com-
plications) in patients who underwent arthroscopic cystec-
tomy for Baker’s cysts. We hypothesized that the incidence 
of these lesions would be lower than that reported in the 
available literature and that arthroscopic cystectomy would 
show good clinical outcomes, regardless of the presence 
of these lesions.

Methods

Patients

After receiving approval from the review board of our 
institution, the medical records and radiologic and arthro-
scopic data of 76 patients who underwent surgical treat-
ment for popliteal cysts between June 2005 and November 
2017 were retrospectively reviewed. The indications for 
arthroscopic treatment of popliteal cysts were (i) symp-
tomatic knee joint pain with the presence of cysts and 
concurrent intra-articular lesions and (ii) cysts > 5 cm in 
diameter that did not decrease in size after repeated aspi-
ration [10]. The inclusion criteria for this study were: (i) 
primary arthroscopic cystectomy, (ii) Baker’s cyst located 
between the semimembranosus muscle and medial head of 
the gastrocnemius, as documented by preoperative mag-
netic resonance imaging (MRI), and (iii) a minimum fol-
low-up duration of 2 years. The exclusion criteria were: (i) 
popliteal cysts not located between the semimembranosus 
muscle and medial head of the gastrocnemius on preopera-
tive MRI scans, (ii) revision cystectomy for recurrent Bak-
er’s cysts, (iii) open cystectomy, (iv) insufficient medical/
arthroscopic data, and (v) a follow-up period of < 2 years.

Surgical technique and rehabilitation

Arthroscopic cystectomy was performed as previously 
described [9]. A routine arthroscopic examination of the 
knee joint was performed using standard anteromedial and 
anterolateral portals. Any intra-articular pathologies were 
treated arthroscopically. Meniscal tears were treated with 
a partial meniscectomy, and chondral lesions were treated 
with chondroplasty or microfracture, depending on the 
International Cartilage Repair Society (ICRS) grade [16].

A standard posteromedial portal was created under nee-
dle guidance. A probe was passed through this portal to 
identify the presence of a one-way valve lesion, defined as 
an opening in the cyst behind the capsular fold located on 
the posteromedial side of the medial head of the gastrocne-
mius; this lesion can be identified by displacing the overly-
ing capsular fold (Fig. 1A). If an opening was identified, 
it was enlarged using a shaver and basket forceps inserted 
through the posteromedial portal (Fig. 1B). If no opening 
was identified, the capsular fold and posteromedial capsule 
behind it were partially resected using basket forceps to 
create an open connection to the cyst in the area where 
the opening would normally be located; thereafter, the 
arthroscope was advanced into the cyst through the open-
ing (Fig. 1C). Excisional debridement of the cystic wall 
was performed using basket forceps and a shaver inserted 
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through the standard anterolateral or posteromedial portal 
(Fig. 1D).

Occasionally, in cases with a large cyst, complete cys-
tectomy was not possible using standard portals as arthro-
scopic instruments could not reach the entire cyst wall. In 
these cases, an accessory cystic portal was created in the 
skin overlying the medial side of the cyst using the outside-
in technique (Fig. 2). A complete arthroscopic cystectomy 
was then performed by inserting basket forceps and a shaver 
through the accessory cystic portal. Thin cystic walls were 
debrided using a shaver, while basket forceps were used to 
resect thick cystic walls.

To prevent cyst recurrence, strict postoperative rehabili-
tation protocols were applied for all patients. Knee joint 
motion and weight-bearing activities were restricted for 
2 weeks after the surgery by applying a cylinder splint with a 

compression pad on the popliteal area. After removal of the 
splint, the patient was allowed to perform range-of-motion 
exercises and partial weight-bearing ambulation using 
crutches. Full weight-bearing was allowed on the affected 
leg 4 weeks after surgery.

Preoperative radiologic parameters 
and intraoperative arthroscopic evaluation

Preoperative radiologic parameters and intraoperative 
arthroscopic findings were evaluated by a senior resident 
who was blinded to the study design. Preoperative knee 
radiographs (anteroposterior, lateral, and axial views) were 
evaluated for preoperative osteoarthritis using the Kell-
gren–Lawrence grading scale [17, 18]. The size of the cyst 
was evaluated using preoperative MRI and was measured at 

Fig. 1   Arthroscopic images from the anterolateral portal of the left 
knee showing the arthroscopic cystectomy procedure. A A one-way 
valve lesion is identified by displacing the overlying capsular fold. 
B The capsular fold is partially resected to enlarge the lesion. C The 

one-way valve lesion is located posteromedial to the medial head of 
the gastrocnemius. D The cystic wall is debrided by inserting a shaver 
through the standard posteromedial portal. PM posteromedial, GN 
gastrocnemius
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its longest dimension in the superior-inferior length of the 
sagittal plane (Fig. 3).

Arthroscopic pictures, videos, and operation records 
were reviewed to evaluate operative time and intraopera-
tive arthroscopic findings. Detailed arthroscopic findings, 
including the presence of a one-way valve lesion and concur-
rent chondral and meniscal lesions, and cyst wall thickness, 
were recorded in the operation records of all patients. During 
arthroscopic cystectomy, the presence of a one-way valve 
lesion was confirmed if the Baker’s cyst could be accessed 
through the capsular opening (orifice) located on the poster-
omedial side of the medial head of the gastrocnemius. Thin 

cystic walls were defined as cysts that could be debrided 
with a shaver, while thick cystic walls were defined as cysts 
that had to be resected using basket forceps.

Measurement of the clinical outcomes

Patients completed a Lysholm questionnaire whenever they 
visited an outpatient clinic after surgery [19]. Postoperative 
complications, such as persistent pain, hematoma, infection, 
numbness, and paresthesia were also evaluated and recorded. 
Furthermore, an experienced surgeon evaluated each patient 
for clinical recurrence of Baker’s cysts by checking for the 
presence of cysts in the popliteal area. All medical records 
and answers to questionnaires were collected by a senior 
resident, who was blinded to the study design, to evaluate 
the clinical outcomes of arthroscopic cystectomy, and the 
results were compared between patients with and without 
one-way valve lesions.

Data analysis and statistical methods

All statistical analyses were performed using SPSS (version 
21.0; SPSS Inc., Chicago, IL, USA). Quantitative variables 
are presented as means and standard deviations with the 
respective ranges.

Demographic data, preoperative radiologic parameters, 
intraoperative arthroscopic findings, and clinical outcomes 
at the 2-year follow-up were compared between the two 
subgroups. Chi-square and Fisher’s exact tests were used to 
compare qualitative variables. Quantitative variables were 
compared using the independent t-test for normally distrib-
uted continuous variables and the Mann–Whitney U test for 
data with a non-normal distribution. Statistical significance 
was set at p < 0.05.

Results

Thirty patients (mean age, 57.4 ± 9.4 years) met the inclu-
sion criteria for this study. One-way valve lesions were found 
during surgery in 11 patients (36.7%). Ten patients (33.3%) 
had chondral lesions with an ICRS grade ≥ 3, and concur-
rent chondral and meniscal lesions were found in 23 patients 
(76.7%). Eleven patients had one-way valve lesions and were 
classified as group A, while 19 patients who did not have the 
lesion were classified as group B (Fig. 4). The demograph-
ics, preoperative radiologic parameters, and intraoperative 
arthroscopic findings of the patients are summarized in 
Table 1.

At the 2-year follow-up, none of the patients had clini-
cal recurrence of Baker’s cyst, and the mean Lysholm score 
was 76.3 ± 17.5 (48–100). Five patients experienced postop-
erative complications: three patients experienced persistent 

Fig. 2   Arthroscopic image recorded from the posteromedial portal 
on the right knee showing the creation of an accessory cystic portal 
using a hemostat inserted under needle guidance

Fig. 3   Evaluation of the size of the cyst on a preoperative magnetic 
resonance image. The size of the cyst is measured at its longest 
dimension in the superior-inferior length of the sagittal plane
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pain, and two patients experienced numbness or paresthesia 
in the medial aspect of the lower leg (Table 2). While the 
pain subsided within 3 months in all patients, complete reso-
lution of the sensory alterations (numbness or paresthesia) 
was not achieved during the 2-year follow-up.

In the subgroup analysis, no significant differences were 
identified in the demographic data, preoperative radiologic 
parameters, and intraoperative arthroscopic findings between 
the two groups (Table 3).

There was no clinical recurrence of cysts in either group. 
The postoperative Lysholm scores at the 2-year follow-up 
were 80.0 ± 12.5 in group A and 74.2 ± 19.8 in group B; 
however, the scores were not significantly different between 
the groups (Table 4). Moreover, no significant differences 
were identified between the two groups with respect to com-
plication rates (Table 4).

Discussion

The most important finding of this study was that the inci-
dence of one-way valve lesions identified by arthroscopic 
examination was lower than that reported in the literature. 
Previous studies have reported that one-way valve lesions 
were identified in 71–100% of patients. Ko et al. found a 
posteromedial connecting hole behind the capsular fold in 
10/14 cases (71%) [14]. Lie et al. reported that a valvular 
opening was identified in 10/11 patients (90.9%) [15], and Ji 
et al. reported that communication between knee joints and 
popliteal cysts was found in all patients undergoing arthros-
copy [13]. However, in the current study, an opening in the 
cyst behind the posteromedial capsular fold was identified 
in only 11 of 30 patients (36.7%). The inconsistency in the 
incidence of one-way valve lesions may be due to differences 
in the definition of these lesions. In this study, a one-way 
valve lesion was defined as an opening (orifice) in the cyst 
behind the capsular fold that acts as a connection to allow 
the joint fluid to flow into the Baker’s cyst. However, sev-
eral studies have reported that the one-way valve lesion of 
Baker’s cysts is simply an opening (orifice) in the cyst or its 
thin membrane [10, 13].

This study also evaluated differences in patient demo-
graphics, associated chondral and meniscal pathologies, and 

Fig. 4   Flowchart showing the patient enrollment process

Table 1   Patient demographic characteristics, preoperative radiologic 
parameters, and intraoperative arthroscopic parameters

BMI body mass index, MRI magnetic resonance imaging, ICRS Inter-
national Cartilage Repair Society
a Values are presented as mean ± standard deviation (range)

Enrolled patients (n = 30)

Patient demographic characteristics
 Agea (year) 57.4 ± 9.4 (41–78)
 Sex, male:female 4:26
 BMIa (kg/m2) 25.0 ± 3.1 (19.1–32.3)
 Side, right:left 14:16
 Symptom durationa (month) 9.1 ± 11.3 (2–60)
 Preoperative Lysholm scorea 70.0 ± 15.8 (40–91)

Preoperative radiologic evaluation
 Kellgren–Lawrence grade (0–1–2–3–4) 0–7–20–3–0
 Cyst sizea (cm) 5.2 ± 1.4 (3.0–9.3)

Intraoperative arthroscopic evaluation
 Combined chondral lesion, ICRS grade 

(0/1–2–3–4)
7–13–7–3

 Combined meniscal lesion, n (%) 23 (76.7)
 Operation timea (min) 50.3 ± 13.3 (30–90)
 One-way valve lesion, n (%) 11 (36.7%)
 Cyst wall thickness, thick: thin 10:20

Table 2   Clinical outcomes of arthroscopic cystectomy at the 2-year 
follow-up

a Values are presented as mean ± standard deviation, with the range in 
parentheses

Enrolled patients (n = 30)

Clinical recurrence of cysts, n (%) 0 (0.0)
Postoperative Lysholm scorea 76.3 ± 17.5 (48–100)
Complications, n (%) 5 (16.7)
 Persistent pain 3
 Hematoma 0
 Infection 0
 Numbness or paresthesia 2
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clinical outcomes with regard to the presence of a one-way 
valve lesion. In the subgroup analysis, no significant dif-
ferences were identified in demographic data, preoperative 
radiologic parameters, and arthroscopic findings between 
the two groups; therefore, this study could not identify any 
factors that may be associated with the formation of one-
way valve lesions. Moreover, no significant differences 
were found in clinical outcomes in terms of clinical recur-
rence, postoperative Lysholm scores, and complication rates 
between patients with and without one-way valve lesions. 
According to the results of this study, the presence of a one-
way valve lesion did not appear to affect the clinical out-
comes of arthroscopic cystectomy for Baker’s cysts.

Several studies have compared the clinical outcomes of 
different surgical methods for treating Baker’s cysts [3, 20, 

21]. Yang et al. demonstrated that open cystectomy without 
arthroscopic treatment of the underlying joint pathology 
increases recurrence rates [3]. Moreover, recent meta-anal-
yses have shown that compared with simple decompres-
sion without cystectomy, arthroscopic cystectomy can yield 
better clinical results and decrease rates of recurrence, but 
can result in more complications [22, 23]. Although we 
evaluated clinically symptomatic recurrence, none of the 
patients had clinical recurrence, and the Lysholm score was 
improved in this study. Five patients (16.7%) experienced 
persistent pain or sensory changes, but recovered completely. 
Therefore, arthroscopic cystectomy can be considered a safe 
and effective surgical technique for treating Baker’s cysts. 
However, attention should be paid to the major neurovas-
cular complications, and it is recommended to perform 

Table 3   Comparison of 
the patient demographic 
characteristics, preoperative 
radiologic parameters, and 
intraoperative arthroscopic 
parameters between the two 
subgroups

Group A includes patients with one-way valve lesions while group B includes patients without one-way 
valve lesions
BMI body mass index, MRI magnetic resonance imaging, ICRS International Cartilage Repair Society
a Values are presented as mean ± standard deviation (range)

Group A (n = 11) Group B (n = 19) p value

Patient demographic characteristics
 Agea (year) 55.0 ± 6.1 (41–63) 58.8 ± 10.7 (46–78) 0.641
 Sex, male:female 1:10 3:16 1.000
 BMIa (kg/m2) 25.4 ± 3.5 (19.1–32.3) 24.8 ± 3.0 (20.2–30.8) 0.497
 Side, right:left 5:6 9:10 0.919
 Symptom durationa (months) 10.0 ± 17.0 (2–60) 8.6 ± 6.8 (2–24) 0.471
 Preoperative Lysholm scorea 73.8 ± 9.7 (58–90) 67.7 ± 18.3 (40–91) 0.471

Preoperative radiologic evaluation
 Kellgren–Lawrence grade (0–1–2–3–4) 0–1–10–0–0 0–6–10–3–0 0.130
 Cyst sizea (cm) 5.2 ± 1.6 (3.4–9.3) 5.2 ± 1.3 (3.0–7.2) 0.800

Intraoperative arthroscopic evaluation
 Combined chondral lesion, ICRS grade 

(0/1–2–3–4)
2–6–3–0 5–7–4–3 0.527

 Combined meniscal lesion, n (%) 10 (90.9) 13 (68.4) 0.215
 Operation timea (min) 51.4 ± 11.4 (35–75) 49.7 ± 14.6 (30–90) 0.471
 Cyst wall thickness, thick:thin 4:7 6:13 1.000

Table 4   Comparison of the 
clinical outcomes at the 2-year 
follow-up between the two 
subgroups

Group A includes patients with one-way valve lesions while group B includes patients without one-way 
valve lesions
a Values are presented as mean ± standard deviation (range)

Group A (n = 11) Group B (n = 19) p value

Clinical recurrence of cysts, n (%) 0 (0.0) 0 (0.0) 1.000
Postoperative Lysholm scorea 80.0 ± 12.5 (60–99) 74.2 ± 19.8 (48–100) 0.395
Complications, n (%) 2 (18.1) 3 (15.8) 0.865
 Persistent pain 1 1
 Hematoma 0 0
 Infection 0 0
 Numbness or paresthesia 1 2



293Archives of Orthopaedic and Trauma Surgery (2023) 143:287–294	

1 3

arthroscopic cystectomy for Baker’s cysts after obtaining 
proficiency in arthroscopic procedures.

In this study, 23 patients (76.7%) had concurrent menis-
cal tears and degenerative chondral lesions with an ICRS 
grade ≥ 2. Previous studies also reported a high prevalence 
of concurrent chondral and meniscal lesions in patients 
who underwent arthroscopic treatment for popliteal cysts. 
Ko et al. reported a high incidence of degenerative cartilage 
damage (72%) and meniscal tears (medial meniscal tears, 
79%; lateral meniscal tears, 21%) [14]. Haifeng et al. also 
reported that degenerative cartilage damage was the most 
common pathology and affected 67.6% of patients who 
underwent arthroscopic treatment for popliteal cysts [5]. 
Medial and lateral meniscal tears were identified in 32.4% 
and 20.6% of the cases, respectively. Stefan et al. demon-
strated that the prevalence of intra-articular pathologies was 
significantly higher in patients with popliteal cysts than in 
those without such cysts [24]. The results of these studies 
suggest that intra-articular pathologies are associated with 
the development of Baker’s cysts and should be treated to 
prevent cyst recurrence.

There seems to be a general consensus on the surgical 
indications for Baker’s cyst. In previous studies, surgical 
treatment was performed if the cyst was large and had cyst-
related symptoms. Ahn et al. performed surgical treatment 
for (1) patients who reported symptomatic knee joint pain 
with cysts and a concurrent intra-articular lesion and (2) 
any cyst > 5 cm that failed to decrease in size after three or 
more aspirations [10]. Gu et al. performed surgical treat-
ment for symptomatic cysts alone, that did not resolve after 
conservative treatment for at least 6 months [5]. We also 
applied these surgical indications to patients with Baker’s 
cysts in clinical practice.

Previous studies have reported the occurrence of neu-
rovascular injuries after arthroscopic procedures [25–28]. 
Venkatesh et al. reported a case of popliteal artery aneu-
rysm after arthroscopic cystectomy of a popliteal cyst [29]. 
They asserted that a critical review of the preoperative MRI 
findings is essential and that the cyst wall adjacent to the 
neurovascular structures should not be shaved during arthro-
scopic cystectomy. However, neurovascular injury can also 
occur during resection of the posteromedial capsular fold. If 
a one-way valve lesion is present, it can act as an anatomic 
landmark for resecting the capsular fold; however, the risk 
of neurovascular injury can increase in the absence of this 
landmark. Therefore, resection of the lateral capsule should 
be avoided, especially in the absence of a one-way valve 
lesion, as it can damage the neurovascular structures behind 
the capsule.

In this study, cyst recurrence was clinically assessed. 
We could not perform radiologic evaluation for recurrence 
because none of the patients complained of swelling or ten-
derness associated with cyst recurrence, and few patients 

consented to radiologic evaluation. Previously, most stud-
ies evaluated cyst recurrence using postoperative MRI or 
ultrasonography after open or arthroscopic cystectomy [2, 
3, 5, 10, 30]. A recent systematic review showed a higher 
recurrence rate after open cystectomy than after arthroscopic 
treatment [4]. However, Ahn et al. reported that postopera-
tive MRI performed after arthroscopic cystectomy revealed 
that approximately 45% of patients had persistent cysts [10]. 
Although there were no clinical recurrences in our study, 
the radiological recurrence rates using MRI or ultrasound 
may be higher.

This study has some limitations. First, the number of 
patients included in this study was too small to confirm the 
absence of significant differences in patient demographics, 
radiologic and arthroscopic findings, and clinical outcomes 
between patients with and without one-way valve lesions. 
While we included as many patients as possible to reduce the 
possibility of a type II error, the resulting sample size was 
not sufficient to obtain a statistical power > 80%. Second, 
as this study had a retrospective, nonrandomized design, 
selection bias may have influenced the results. Third, it is 
possible that one-way valve lesions were present in some 
cases but were not found during arthroscopic examination. 
However, careful examination to identify these lesions was 
performed by an experienced arthroscopic surgeon; thus, 
we believe that the possibility of missing a lesion was mini-
mized. Finally, the presence of one-way valve lesions and 
thickness of the cyst walls were evaluated based on arthro-
scopic findings; this evaluation is subjective and could be 
influenced by the proficiency of the surgeons.

Conclusions

The incidence of one-way valve lesions found in arthro-
scopic cystectomy for Baker’s cysts was lower than that 
reported in the literature. Arthroscopic cystectomy showed 
good clinical results in patients with and without one-way 
valve lesions.
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