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Abstract: Silk mat originates from the cocoon of the silkworm and is prepared by a simple method.
The material has been used for guided bone regeneration (GBR) in animal models. In this study,
the silk mat used for a clinical application was compared with a commercially available membrane for
GBR. A prospective split-mouth, randomized clinical trial was conducted with 25 patients who had
bilaterally impacted lower third molars. High-density polytetrafluoroethylene (dPTFE) membrane
or silk mat was applied in the extraction socket randomly. Probing depth (PD), clinical attachment
level (CAL), and bone gain (BG) were measured at the time of extraction (T0) and then at three
months (T1) and six months after extraction (T2). There was no missing case. GBR with silk mat
was non-inferior to GBR with dPTFE for PD reduction at T1 and T2 (ppon-inferiority < 0.001). PD and
CAL were significantly decreased at T1 and T2 when compared with those at T0 in both membrane
groups (p < 0.001). BG at T2 was 3.61 £ 3.33 mm and 3.56 &£ 3.30 mm in the silk mat group and dPTFE
group, respectively. There was no significant complication from the use of silk mat for the patients.
The results for patients undergoing GBR with silk mat for third-molar surgery were non-inferior to
GBR with dPTFE for PD reduction.
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1. Introduction

The presence of a third molar is common in human populations; however, third molars in the
mandible are often impacted in the bone [1]. An impacted third molar is often a source of infection
in the adjacent second molar [2], and an odontogenic cyst or malocclusion may be observed with an
impacted third molar [3,4]. Accordingly, many oral and maxillofacial surgeons have recommended
surgical removal as a preventive measure [2,5]. The extraction socket is generally healed by bone
formation, but the level of bony healing is dependent on many clinical variables [6,7]. The most
important factor is the age of the patient at the time of extraction [8]. Early removal of the third molar
is advised because younger patients have a higher probability of uneventful healing after extraction [9].
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Incomplete bony healing results in periodontal pocket formation on the distal surface of the second
molar [8,10].

In young patients (age < 25), removal of the mandibular third molar can improve periodontal
health significantly [11,12]. Patients older than 26 years with periodontal pathology in the distal
surface of the second molar and a horizontal /mesioangular impacted third molar need regenerative
therapy [13,14]. Most mandibular third molars for surgical extraction have a mesial inclination
and are in contact with the adjacent second molar [5]. Periodontal pathology is found in 48% of
second molars after surgical removal of the adjacent mandibular third molar [10]. Probing depth
is more than 7 mm in 43.3% of adjacent second molars after surgical extraction of the mandibular
third molar [8,15]. To prevent periodontal pocket formation and promote uneventful bony healing,
grafting with biomaterials can be considered [16,17]. Autogenous bone is generally considered the gold
standard for bone graft, and synthetic materials such as hydroxyapatite are considered an alternative
for the reconstruction of the extraction socket [18]. Ridge preservation materials have been used as
filling materials for the extraction socket. They are collagen-based material and have shown positive
effects for the preservation of the alveolar bone. However, there have been few reports on their
application in the mandibular third-molar area.

For the preservation of the alveolar bone, a guided bone regeneration (GBR) technique is a useful
method [10,19]. GBR is beneficial for patients aged 26 years or older who have a horizontally impacted
third molar and a probing depth (PD) of 5 mm or greater in the distal surface of the adjacent second
molar [20]. For a successful GBR technique, the selection of membrane is important [6]. The membrane
for a GBR technique can be classified as comprising either biodegradable or non-degradable materials.
An expanded polytetrafluoroethylene (ePTFE) membrane is non-degradable material whereas a
collagen membrane is biodegradable [10,19]. A comparative study of their application into the
mandibular third-molar area has shown that there is no statistically significant difference between the
ePTFE group and the collagen group in preventing a periodontal pocket [19]. However, a high rate
of postoperative infection has been reported from ePTFE membrane after membrane exposure [21].
High-density PTFE (dPTFE) has been developed for an open-membrane technique and shown less
postoperative infection after membrane exposure [22].

The idea for the development of a GBR membrane by using natural silkworm cocoons has
been suggested in some recent publications [23,24]. A silkworm cocoon is composed of several
layers, and each layer can be separated by peeling [24,25]. Silk mat from silkworm cocoons is
mainly composed of fibroin and sericin; the middle layer of the silkworm cocoon shows better
bone regeneration properties than other layers of the silkworm cocoon [25,26]. The difference in bone
regeneration according to layers is explained by the difference of protein composition [25]. Silk mat
from the middle-cocoon portion shows bone regeneration similar to that seen when using collagen
membrane [27]. GBR membrane using silk protein can be produced only by silk fibroin protein after
a degumming process [28]. Silk fibroin degrades slowly; this function is connected to its long-term
stability [28]. As silk mat contains silk fibroin as a component, it serves as a barrier membrane for GBR
technique [26,27]. The tensile strength of silk mat is superior to that of collagen membrane in both
dry and wet conditions [26,27]. Although most studies of silk protein-based biomaterials have shown
impressive results in cellular or animal experiments, there have been no studies of materials that have
resulted in clinical trials.

The purpose of this study was to compare the probing depth (PD) reduction in the dPTFE membrane
group with that of the silk mat group in the mandibular third-molar defect. For a split-mouth randomized
clinical trial, patients with bilateral, horizontally impacted mandibular third molars were enrolled. In the
same patients, both types of membrane were applied on each side and compared.



Appl. Sci. 2019, 9,1208 30f10

2. Patients and Methods

2.1. Trial Design and Registration

This study was designed as a split-mouth model in the same patient. The null hypothesis was
that the primary outcome for silk membrane was inferior to that for commercially available PTFE
membrane. The same patients received both types of membranes, and the results were evaluated by
the primary outcome. Participants were recruited over 12 months and met the following inclusion
criteria. Written informed consents were received from all participants. This study was approved
by the Korean Food and Drug Administration (SPENSER-TS101, approved on 27 November 2015),
and the institutional review board of Hallym Medical Center approved this study (IRB No. 2016-5016).
The clinical trial was submitted to the WHO International Clinical Trial Registry Platform, registered
on 14 March 2016 (KCT0003004).

2.2. Study Population and Eligibility Criteria

The inclusion criteria were (1) patients with bilateral, fully horizontal or mesioangular impacted,
mandibular third molars; (2) American Society of Anesthesiologists (ASA) physical status I or II; (3) 20
to <40 years old; (4) presenting minimum 3 mm bony defect in the distal surface of the mandibular
second molar and minimum 5 mm periodontal pocket depth in the distal surface of the mandibular
second molar at the time of extraction; and (5) patient’s signed informed consent form. The exclusion
criteria were (1) age <20 years or >40 years, (2) patients with partially impacted mandibular third
molar, (3) smokers, (4) patients with any systemic disease, (5) patients receiving irradiation in the head
and neck area, (6) patients with malignant cancer history, (7) patients with any oral mucosal disease,
and (8) patients with poor oral hygiene. If the applied membrane was exposed before its surgical
removal, that case was also excluded. Allowed collateral treatments were (1) maintenance therapy for
oral hygiene and (2) antibiotic prescription for preventive purposes. Disallowed collateral treatments
were (1) any bone graft into the distal surface of the mandibular second molar and (2) additional
periodontal therapy for the distal surface of the mandibular second molar. The sample number
was set at 25. For comparative purposes, commercially available dPTFE membrane (CYTOPLAST®,
Osteogenics Biomedical, Lubbock, TX, USA) was used. The silk mats were gifted from Spencer
biomedical technology (Seoul, Korea).

2.3. Randomization, Allocation Concealment, and Blinding

The application of the membranes was done by a double-blinded, randomized method.
Computer-generated random numbers were used for simple randomization. A random number
was generated and allocated to the patient via software. The patients who received random numbers
between 0 and 4 received a silk mat on the left side and a dPTFE on the right side. The patients who
received random numbers between 5 and 9 received a silk mat on the right side and a dPTFE on the left
side. Before finishing the clinical trials, neither patients nor the examiner knew which membrane was
applied to which side. The allocated position of each membrane was communicated to the operator
and recorded separately by care providers.

2.4. Sample Size

To calculate the required sample size, the non-inferiority limit was determined by comparing
the primary outcome of PTFE in previous reports [29] with that of placebo in previous reports [30].
The lower limit of confidence interval for PTFE was calculated at 4.0 mm and the upper limit of
that for placebo was calculated at 1.2 mm. Accordingly, the non-inferiority limit was set at 2.8 mm.
For the calculation of the sample size, the significance level and power were set at 5% and 90%,
respectively [31]. The standard deviation of outcome was set as in previous reports [29]. If there
was no difference between treatments, 40 samples would be required to be 90% sure that the lower
limit of a one-sided, 95% confidence interval (CI) would be above the non-inferiority limit of —2.8.
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The required sample size was calculated by an online program [32] and required a sample of 20 per
group. Considering a missing rate, the required sample size for each group was determined to be 25.

2.5. Measures

2.5.1. Primary Outcome Measure

The amount of PD reduction was used as the primary outcome and measured as the distance
from the free gingival margin to the bottom of the pocket (Figure 1A). The recordings were done at
three points of the second molar distal surface (distobuccal, distal, and distolingual). The average
value of the three recordings was used for evaluation. PD was recorded at the time of surgery (T0),
at three months (T1), and six months (T2) after extraction. For the comparison of PD between groups,
a reduced amount of PD at T2 was used for the evaluation of non-inferiority.

(A) (B)

Figure 1. Schematic illustration for measurements. (A) Pocket depth is defined as the distance between
the free gingival margin and the bottom of the periodontal pocket (indicated as (a)). Clinical attachment
level is defined as the distance between the cementoenamel junction and the bottom of the periodontal
pocket (indicated as (b)). (B) The amount of bony defect was defined by the distance between the
cement-oenamel junction of the second molar and the bottom of the bony defect in the distal surface of
the second molar.

2.5.2. Additional Measures

The clinical attachment level (CAL) was recorded in the distal surface of the mandibular second
molar in a similar manner to PD measurement (Figure 1A). Cone-beam computerized tomography
(CBCT) scans were taken at T0, T1, and T2 to evaluate bony healing. To compare bone gain (BG)
between groups, the amount of bony defect was measured on the digital image, using image
analysis software (Figure 1B). The amount of bony defect was defined as the distance between the
cementoenamel junction of the second molar and the bottom of the bony defect on the distal surface of
the second molar. A reduced amount of bony defect at T1 or T2 meant BG in the distal surface of the
second molar. At each follow-up, the healing status was evaluated, and the presence of an adverse
reaction, including inflammatory reaction or membrane exposure, was checked.

2.6. Interventions

The surgical extraction was performed under local anesthesia. After mucosal incision, the periosteum
was elevated and the impacted teeth were exposed by rotary instruments. Teeth were removed by
resection, and both mandibular third molars were removed. A dPTFE or a silk mat was then applied
on the bony defect in each side. The wounds were closed with 3-0 nylon to avoid potential membrane
exposure. Antiseptic application and irrigation were performend one day after extraction. Suture was
removed one week after extraction. All patients received antibiotics (amoxicillin, 250 mg) and analgesics
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(aceclofenac, 100 mg) every 12 h for five days. Both membranes were removed six weeks after extraction,
as indicated in previous reports [33].

2.7. Statistical Analysis

To evaluate the non-inferiority of the primary outcome, a two-sample t-test for non-inferiority
was done using NCSS 12.0.11 (NCSS, Kaysville, UT, USA). Subsequent statistical analysis was done
by SPSS 13.0 (SPSS Inc., Chicago, IL, USA). The difference in other measures between groups at the
same observation point was evaluated by independent-sample t-test. An analysis of variance was
used in the comparison of measurements at each time interval in the same group. For the post hoc test,
Bonferroni’s method was used. The level of significance was set at p < 0.05.

3. Results

3.1. Summary of Clinical Trial

The sample recruitment and follow-up was done between 7 March 2016 and 14 July 2017. For each
group, there was no missing case after randomization. The number of participants included in
each analysis was 25, and the analysis was performed according to the original assigned groups.
Complications associated with the membrane application, such as membrane exposure and associated
infection, were not observed. Postoperative temporary gingival swelling appeared in four patients who
received membranes. One instance of swelling in a patient was due to excessive alcohol consumption.
Two patients had poor oral hygiene. One patient underwent a long operation time because of a deeply
seated tooth. Any complication potentially caused by the silk mat application was not reported.

3.2. Non-Inferiority Test for Primary Outcome

In terms of the primary endpoint of the trial, mean PD reduction at T1 was 5.72 4+ 1.48 mm
with silk mat versus 6.37 + 1.92 mm with dPTFE (mean difference —0.65 mm, lower limit of
one-sided 97.5% confidence limit (CI): —1.63 mm, pre-specified margin of non-inferiority —2.8 mm,
Pron-inferiority < 0.001). In patients undergoing GBR with a silk mat for third-molar surgery, the results
were non-inferior to GBR with dPTFE for PD reduction at T1 (Figure 2A).

(A) (B)

Amount vs Variables Amount vs Variables

Silk dPTFE Silk dPTFE
Variables Variables

Amount

Figure 2. Mean and confidence interval of pocket depth (PD) reduction for both groups. (A) Mean and
confidence interval for three months after surgery. The PD reduction in the silk mat group was not
inferior to that of the dPTFE group (Pnon-inferiority < 0-001). (B) Mean and confidence interval for six
months after surgery. The PD reduction in the silk mat group was not inferior to that of the dPTFE
group (pnon—inferiority < 0.001).

Mean PD reduction at T2 was 5.93 4+ 1.70 mm with silk mat versus 6.40 & 1.67 mm with dPTFE;
the mean difference was —0.47 mm, the lower limit of one-sided 97.5% CI: —1.42 mm, pre-specified
margin of non-inferiority —2.8 mm, pron-inferiority < 0.001). In patients undergoing GBR with silk mat
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for third-molar surgery, the results were non-inferior to GBR with dPTFE for PD reduction at T2
(Figure 2B).

3.3. The Change of Pocket Depth and Clinical Attachment Level at Each Observation

The difference in PD among observation points was statistically significant in both the silk mat
group and the dPTFE group (p < 0.001). In a post hoc test, the PD at TO was compared to the PD at T1;
both the dPTFE group and the silk mat group showed significantly reduced PD (Table 1; p < 0.001).
When the PD was compared at TO to PD at T2, both the dPTFE group and the silk mat group showed
significantly reduced PD (Table 1; p < 0.001).

Table 1. Summary of probing depth in patients who received membranes.

Group TO (mm) T1 (mm) T2 (mm) p-Value
TOto T1 TO to T2 T1to T2
dPTFE 948 +1.34 3.11 £ 1.11 3.08 £ 0.91 <0.001 <0.001 NS
Silk mat 9.27 £ 1.29 3.55 £+ 1.09 3.33 £ 0.86 <0.001 <0.001 NS

(TO: immediately after extraction, T1: three months after extraction, T2: six months after extraction, NS: not significant).

The difference in CAL among the observation points was statistically significant in both the silk
mat group and the dPTFE group (p < 0.001). The mean gain of attachment at T1 was 4.84 £ 1.62 and
5.43 £ 1.76 mm for the dPTFE and silk mat groups, respectively. In a post hoc test, CAL at TO was
compared to CAL at T1; both the dPTFE group and the silk mat group showed significantly improved
CAL (Table 2; p < 0.001). When CAL was compared at TO to CAL at T2, both the dPTFE group and the
silk mat group showed significantly improved CAL (Table 2; p < 0.001). Mean gain of attachment at T2
was 5.23 £ 1.46 and 5.69 £ 1.42 mm for dPTFE and silk mat groups, respectively.

Table 2. Summary of clinical attachment level in patients who received membranes.

Group TO (mm) T1 (mm) T2 (mm) p-Value
TOtoTI  TOtoT2  TltoT2
dPTEE 801+1.14 3174126 279 +0.89 <0.001 <0.001 NS
Silk mat 8214093  279+£129 2524096 <0.001 <0.001 NS

(TO: immediate after extraction, T1: three months after extraction, T2: six months after extraction, NS: not significant).

3.4. Membrane Application and Bone Regeneration after Mandibular Third-Molar Extraction

BG in the dPTFE membrane group was 1.85 & 1.15 and 3.56 & 3.30 mm at T1 and T2, respectively
(Figure 3). BG in the silk mat group was 1.57 & 0.97 and 3.61 & 3.33 mm at T1 and T2, respectively
(Figure 3). When bone gain was compared between the groups, there was no significant difference in
BG between the silk mat and dPTFE groups at T1 and T2 (p > 0.05).

8
u Silk mat n dPTFE

Bone Gain (mm)

2 i |

TO-T1 TO-T2

Figure 3. The amount of bone gain (BG) at three months (T1) and six months after tooth extraction (T2)
compared to before tooth extraction (T0). There was no significant difference in BG between the silk
mat and dPTFE groups at T1 and T2 (p > 0.05).
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4. Discussion

In this study, the influence on the periodontal health of the distal surface of the mandibular second
molar after third-molar extraction was evaluated. The split-mouth, randomized clinical trial study
demonstrated that there was no significant difference in PD, CAL, and BG between the dPTFE group
and the silk mat group at T1 and T2 (Tables 1 and 2; p > 0.05). This is the first study of GBR with silk
mat in clinical trials.

The presence of a mandibular third molar is considered a threat to the periodontal health
of the second molar [2]. Even a non-symptomatic mandibular third molar is recommended for
surgical removal to prevent periodontal pathology in the second molar [2]. Age [8,13], sex [34],
oral hygiene [20], and anatomical position [20] are considered predisposing factors for periodontal
pathology. Accordingly, patients older than 26 years, or with more than 3 mm of an attachment
level on the distal surface of the second molar are advised to have their mandibular third molar
removed [8,13]. Approximately 40% of patients show increased bone loss after third-molar extraction
among patients with more than 3 mm of bony defect in the distal surface of the mandibular second
molar [34]. Accordingly, membrane application groups in this study included only patients with
more than 3 mm of bony defect in the distal surface of the mandibular second molar preoperatively.
To address deep mesioangular impaction, the preoperative PD should be at least 7.5 mm [14]. In this
study, PD at TO was 9.5 + 1.3 mm and 9.3 & 1.3 mm for the dPTFE group and the silk mat group,
respectively (Table 1). To prevent postoperative periodontal pathology, flap design, suture technique,
and periodontal care for the second molar were considered, but there is controversy about their effect
on prevention [16]. GBR with a collagen membrane or PTFE membrane is a reliable method and
beneficial in reducing PD compared with a non-regenerative/non-graft procedure [35]. There was no
significant difference in PD reduction between the collagen membrane group and the PTFE membrane
group after mandibular third-molar extraction [19].

In the case of an impacted third molar, surgical extraction only can increase alveolar bone height on
the distal surface of the mandibular second molar [36]. PD at the distal surface of the mandibular second
molar is reduced approximately 0.6 mm every three months after surgical removal of a mandibular
third molar until PD becomes 2.6 mm [37]. The reduction in PD for the non-regenerative/non-graft
procedure group was 1.3 mm at three months [14] and 1.93 mm at 12 months [5]. When the PTFE group
was compared with the non-regenerative/non-graft procedure group, a significant benefit from the
PTFE membrane was demonstrated after mandibular third-molar extraction [20,35]. In cases of collagen
membrane application, the amount of PD reduction at one year after extraction was 5.3 = 1.9 mm [19].
In this study, the amount of PD reduction at six months was 5.9 & 1.7 mm and 6.4 & 1.7 mm for the
silk mat and dPTFE groups, respectively (Table 1). Mean gain of attachment at T2 was 5.23 &+ 1.46 and
5.69 £ 1.42 mm for the dPTFE and silk mat groups, respectively (Table 2). When GBR plus bone graft is
compared to GBR only, there is little additional value in reducing PD after extraction [35].

Silk mat consists of fibroin and sericin protein. Silk fibroin has been widely studied for bone
regeneration [28]. Sericin has been considered industrial waste, but its beneficial effect was illuminated
recently [38,39]. Because sericin is hydrophilic protein and easily fragmented in aqueous solution, silk
mat can be considered a drug carrier-releasing sericin [25]. All silk mats in this study came from the
middle layer of the silkworm cocoon. In previous studies, the amount of fragmented sericin release
was smallest in the middle layer [25,26]. The expression level of tumor necrosis factor-alpha (TNF-«)
from macrophages depends on the sericin concentration [25]. Activation of osteoblasts depends on the
expression level of TNF-o from macrophages [25]. In comparative animal studies, silk mat has shown
levels of bone formation similar to collagen and dPTFE [27]. In this clinical trial, GBR with silk mat
showed levels of periodontal regeneration similar to GBR with dPTFE.

The limitation of this study was the lack of samples from a non-regenerative/non-graft
procedure. Most previous studies demonstrated that the application of a membrane after
mandibular third-molar extraction had significant benefit compared with a non-regenerative /non-graft
procedure [19,20,35]. Some authors estimated that GBR in third-molar surgery offered little
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benefit over non-regenerative/non-graft procedures [33,40]. To be a successful GBR procedure
in third-molar surgery, proper case selection is vital. Failure of bony healing in patients aged
20-29 years is 3%, but, in those aged 30-50 years, it is 21% [41]. In future studies, the samples
for a non-regenerative/non-graft procedure should be collected prospectively and in a controlled
manner. Because this was the first clinical trial for silk mat, the number of samples was limited; because
no definite complication was associated with silk mat usage, larger-scale clinical trials for silk mat
should be conducted.

5. Conclusions

The results and outcomes in patients undergoing GBR with silk mat for third-molar surgery were
non-inferior to GBR with dPTFE for PD reduction at three and six months postoperatively. Both groups
showed significant improvement in PD reduction and CAL gain compared with their preoperative
level (p < 0.05).
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