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Introduction 

Mandibular cyst, also known as mandibular cystic lesion, 
is one of the most common diseases of the oral and 
maxillofacial region. The disease is characterized by cystic 
masses containing fluid in the mandible, and is usually 
treated with surgery. Because early mandibular cysts 
have no obvious symptoms, it is difficult for patients to 
be diagnosed in the early stage (1). Patients are usually 
diagnosed after imaging due to facial deformities or other 

symptoms. According to cyst size, mandibular cysts can be 
classified into small, median, and large mandibular cysts, 
which often invade teeth and can seriously affect quality of 
life (2). Small and median mandibular cysts can generally 
achieve satisfactory results after root canal therapy (3), while 
curettage is an effective and radical treatment for median 
and large mandibular cysts (4). However, large mandibular 
cysts (>4 cm in diameter) lead to a wider range of 
involvement and more significant anatomical damage, and 
are more likely to cause problems such as bone destruction, 
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maxillofacial deformation, and can affect occlusal function. 
Thus, the efficacy of conventional cyst curettage is not 
satisfactory (5-8).

Fenestration decompression, also known as fenestration 
drainage or marsupialization, is a conservative treatment 
for cysts which has been widely used in recent years (9-11). 
It mainly involves fenestration surgery to form an opening 
on the surface of the mouth close to the cyst. After that, 
a communication is formed between the cyst cavity and 
the oral or nasal cavity, leading to the timely drainage of 
effusion in the cyst. When there is no effusion pressure in 
the cyst cavity, bone tissues of the jaw around the cyst can 
partially reconstruct themselves, so the cyst cavity gradually 
becomes smaller to some extent (12,13). However, the 
placement of a filler (plug) is immediately required after 
fenestration decompression to avoid wound deformity and 
food accumulation (4,14).

Postoperative nursing of patients, such as continuous 
drainage and holding of the wound, leads to the need for 
more time and medical resources. Therefore, in this study, 
we designed a silicone resin-covered plug with drainage 
function. This drainage plug was made of an acrylic resin 
frame covered by a thin layer of silicone. The frame 
was constructed to adapt to individual patients based on 
the X-ray scan results of the cyst and its surrounding 
environment (15). The drainage function of the plug was 
achieved by a venous tube (2.5 mm in inner diameter) 
embedded in the frame. Each plug was specifically designed 
according to the shape and length of the wound to the cyst 
wall. The drainage tube directly reached the root of the cyst, 
making it convenient to rinse the cyst using various oral 
lotions. In addition, the clinical effects of a conventional 
plug and this new drainage plug were compared, so as to 
assess the clinical application value of the new one.

We present the following article in accordance with the 
CONSORT reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2464).

Methods 

Study subjects

A total of 74 patients with mandibular cysts requiring 
fenestration decompression in our hospital between January 
2013 and December 2018 were included. All procedures 
performed in this study involving human participants 
were in accordance with the Declaration of Helsinki (as 
revised in 2013). This study was approved by the Ethics 

Committee of the Affiliated Stomatological Hospital of 
Nanchang University (No. 2019017). All study subjects 
were divided into the control group (n=34) and the 
model group (n=40) using a random number table. After 
fenestration decompression, patients in the control group 
wore conventional plugs, while patients in the model group 
wore new silicone resin-covered drainage plugs. Basic 
information of patients was collected, including gender, age, 
lesion location, lesion size, cyst type, and wear time of the 
plug.

Screening criteria

The inclusion criteria were as follows: (I) the lesion was 
located in the mandible; (II) patients had no history of jaw 
cysts; (III) patients who cooperated with follow-up; (IV) all 
patients volunteered to participate and provided informed 
consent. The exclusion criteria were as follows: (I) patients 
with surgical contraindications; (II) patients who did not 
cooperate with follow-up.

Design and construction of the new drainage plug 

First, for the preparation of the drainage plug mold, the 
range and shape of the cyst cavity were determined using 
a panoramic X-ray, and the range of cyst invasion was 
analyzed in 3D (16). The spatial structure of the cyst cavity 
was reconstructed using 3D printing (Figure 1A,B). The plug 
mold, which was adapted to the cyst cavity, was constructed 
in combination with 3D printing technology (17).

Second, to create the drainage plug, PMMA acrylic resin 
was first mixed with its solution (Nissin Dental Products 
Co., Ltd., Kyoto, Japan) to keep it in a semi-solidified 
state with flow property. Subsequently, the acrylic resin 
in its semi-solidified state was wrapped around a drainage 
tube with a diameter of 2.5 mm (Shanghai LUK Co., Ltd., 
China), and was then perfused into the plug mold to make 
a frame (Figure 2A). The length of each drainage tube was 
specifically customized according to the distance from the 
base of the cyst to the open end of the drainage plug. If the 
acrylic resin in a semi-solidified state fit poorly with the 
mold, adjustment was necessary to achieve a complete fit 
between the frame and the mold by using a tungsten steel 
burr (Suzhou Syndent Tools Co., Ltd., China).

Third, for the adaptation of the drainage plug, the frame 
was disinfected with 75% ethanol solution and dried for 1– 
3 minutes after the PMMA acrylic resin frame had solidified. 
Silagum-Comfort primer was then applied (DMG, 
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Figure 1 Odontogenic keratocyst. (A) The cyst cavity was located on the right side of the jaw (white arrow). (B) The location and size of the 
cyst is shown using a panoramic X-ray scan (white arrow).

Figure 2 The clinical chairside manufacturing process of the drainage plug. (A) The frame was made of acrylic resin, and the transparent 
drainage tube was embedded in the frame. (B) The silicone soft lining was applied on the surface of the acrylic resin frame to completely fit 
the patient’s mouth. (C) The surface of the silicone soft lining was covered with a layer of Silagum adaptive film. 
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Germany) and left to stand for 1 minute. Subsequently, the 
silicone soft lining was covered on the surface of the frame 
(Figure 2B), and the entire drainage plug was placed in the 
resulting cavity for 6 minutes until the silicone material 
was attached. Finally, the drainage plug was trimmed and 
covered with the Silagum adaptive film (Figure 2C).

Clinical effect evaluation

Patients in the model group wore the drainage plug, which 
was taken out after eating every day, then the cyst cavity 
was washed with oral lotion 2–3 times. The patients were 
followed up after 3, 6, 12, and 18 months, and the drainage 
plug was adjusted according to changes in the cyst cavity. 
The recovery time of patients in the control group and the 
model group was recorded.

Efficacy evaluation was based on the subjective 
evaluation of all patients. The evaluation items included 
retention of the plug, degree of comfort, deformation of the 
plug, installation and removal of the plug, oral odor, and 
impact on daily life. The evaluation criteria were as follows: 
(I) satisfactory: good retention, very comfortable, no 

deformation, easy removal, no tenderness and stimulation 
pain, no obvious oral odor, and no impact on daily life; 
(II) unsatisfactory: easy to loosen, with deformation, with 
obvious tenderness and stimulation pain on soft tissue 
during installation and removal, with obvious oral odor, 
with significant impact on daily life.

In addition, imaging measurements were performed. 
All patients underwent panoramic X-ray scanning at each 
return visit in order to calculate the size of the cyst area and 
observe the amount of new bone formation. Reduction rate 
of cyst area = (preoperative cyst area − cyst area at return 
visit)/preoperative cyst area.

Statistical analysis 

SPSS 25.0 was used for statistical analysis. Measurement 
data were expressed as mean ± standard deviation (SD). 
Differences between the 2 groups were compared using 
a t-test. The Pearson correlation method was performed 
to analyze the correlation between cyst lesion size and 
treatment time. P<0.05 was considered statistically 
significant. 
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Results

Application and effect of the drainage plug

In the model group, the drainage plug completely fitted the 
postoperative cavity without gaps (Figure 3). One end of the 
drainage tube passed straight into the cyst cavity [Figure 4,  
obturation part (OP)], and the other end opened in the 
mouth lateral to the gum [Figure 4, retention part (RP)] 
to ensure the timely drainage of cyst effusion. With the 
drainage plug, the recovery time of patients was effectively 
shortened, and the postoperative care time was also greatly 
reduced. 

New drainage plug shortens the recovery time of patients

In the efficacy evaluation of the new drainage plug, the data 
of patients with different lesion degrees were collected. In 
general, patients with larger lesions were required to wear 
the plug for a longer time, and there was an approximately 
linear positive relationship between the two (Figure 5A). 
Wear time was significantly longer in the control group 
(17.9±3.7, average: approximately 18 months) than in the 
model group (13.3±2.9, average: approximately 13 months) 
(P<0.0001). The new drainage plug reduced the treatment 
time by nearly 5 months, indicating significant efficacy 
(Figure 5B). 

In addition, the radiographic results showed that the 
new drainage plug could help postoperative patients with 
large wounds return to near complete healing. After 
approximately 18 months of treatment with the new 
drainage plug, the cyst cavity healed completely with good 
new bone formation (Figure 6).

Discussion

Mandibular cyst is a common disease of the oral and 
maxillofacial region, and is divided into odontogenic and 
non-odontogenic cysts. Odontogenic cysts evolve from 
dental tissue or teeth, while non-odontogenic cysts are 
derived from epithelium remaining in the jaw during 
embryonic development. Odontogenic cysts are more 
common in clinical practice and are mostly benign lesions. 
Most cystic lesions in the mandible are due to the gradual 
accumulation of excessive fluid secreted by lining epithelial 
cells. The hydrostatic pressure of cyst fluid is an important 
factor affecting the absorption and digestion of cysts by 
surrounding tissues. Hence, decompression or excision 
have become the most common methods for conservative 
treatment of large mandibular cysts. These methods 
reduce the size of cysts by changing the hydrostatic 
pressure of cyst fluid, and ultimately reduce the extent of 
surgical excision or remove the need for surgery (18-20).  
After decompression, continuous drainage of cyst fluid to 
release cyst pressure is key in the late stages of conservative 
treatment (21).

Denture bases and clasps have been reported to 
make fillers (22). However, the poor plasticity of these 
materials leads to the irregular shape of fillers, unsmooth 
boundaries, and lack of a good fit between the filler and 
the wound, often resulting in discomfort and secondary 
injury. Moreover, silicone residues of impression materials 

Figure 3 Schematic diagram of the installation of the drainage 
plug (blue circle). The blue circle represents the retention part 
(RP) of the drainage plug, which fit well with the surrounding 
environment of the mouth. The drainage tube opened lateral to 
the gum (black arrow), in order to facilitate timely drainage of the 
cyst effusion.

Figure 4 Pattern diagram of the drainage plug. The drainage 
plug contains two important parts: a retention part (PR), and an 
obturation part (OP).
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Figure 5 Efficacy evaluation of the new drainage plug. (A) An approximately linear positive correlation between cystic lesion area and 
treatment time. (B) The new drainage plug (model) significantly shortened treatment time compared with the conventional plug (control). 
****, P<0.0001.

Figure 6 Therapeutic effect at each stage of the drainage plug. (A,B) The CBCT section views of the cystic lesion before treatment. (C,D) 
The CBCT section views of the cystic lesion after using the drainage plug for 4 months. The wound became significantly smaller. (E,F) The 
CBCT section views of the cystic lesion after using the drainage plug for 18 months. The wound almost completely healed. 
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easily fall and can be left in the cyst cavity, which triggers 
inflammation and can lead to poor outcomes. In the 
late stages of rehabilitation, denture base resin filler is 
inconvenient to remove and can easily cause secondary 
injury to patients. In addition, a stent placed between the 
cyst and the oral mucosa has also been confirmed to allow 
drainage and decompression of the cyst (9). However, food 
can obstruct the stent repeatedly, leading to stent dislocation 
and falling. Hence, further surgical intervention is required 
to remove the stent and reinsert it. This technique also 
causes other common complications such as local pressure 
necrosis and tissue scarring.

To improve these problems, we designed a new silicone 
covered drainage plug, consisting of an acrylic resin frame 
covered with a thin silicone layer, with a drainage tube in 
the frame. After suturing on the 10th day after operation, 
this drainage plug was placed in the postoperative cavity. 
Patients were also instructed to rinse the gap between the 
plug and cyst cavity with sterile saline through the tube at 
least 4 times per day.

Compared with the traditional denture base, the silicone 
covered drainage plug has some advantages. First, the 
drainage tube of the drainage plug allows communication 
between the cyst cavity and the oral cavity, and facilitates 
timely drainage of the new postoperative cyst effusion to 
release pressure in the cavity. This minimizes hydrostatic 
pressure in the cyst, thereby improving new bone formation 
and shortening recovery time. In addition, the drainage 
plug fits well with the patient's oral cavity, which effectively 
prevents deformity in the oral cavity caused by fenestration, 
and avoids food accumulation and postoperative secondary 
injuries. 

In this new drainage plug, the acrylic resin frame is 
covered with elastic silicone. The elastic material directly 
lines the surgical wound to form a tight junction, avoiding 
the cumbersome operation of setting a fixed hook or occlusal 
support through the impression procedure and tooth 
preparation procedure on the abutment teeth. Therefore, 
the installation steps of the drainage plug are greatly 
reduced, with better comfort and sealing. Furthermore, 
due to the reduction of installation devices and steps, the 
removal of the drainage plug is also convenient. After 
certain guidance and practice, patients can easily master the 
process of installation, removal, cleaning, and reinstallation. 
Compared with the conventional plug, this new drainage 
plug can effectively shorten the postoperative care time and 
has a better prognosis. The average wear time is reduced by 
nearly 5 months. 

Conclusions

This new silicone drainage plug not only facilitates the 
timely drainage of effusion from the cyst cavity to achieve 
decompression, but also prevents wound deformity and 
food accumulation. In addition, it can shorten the clinical 
recovery time. This plug is of great significance in the 
treatment of large mandibular cysts and is worthy of further 
promotion and application.
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