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Abstract  33 

Background: Alveolar ridge resorption following tooth extraction may compromise 34 

subsequent restorative procedures. Electrospun chitosan/polyvinyl alcohol (CS/PVA) 35 

nanofibrous membranes exhibit favorable biological and mechanical properties; however, 36 

high-quality clinical evidence supporting their use as standalone barriers under open-37 

healing conditions is limited. 38 

Objectives: This protocol describes a randomized split-mouth clinical trial designed to 39 

evaluate the effectiveness of CS/PVA nanofibrous membrane for ridge preservation 40 

following mandibular premolar extraction. 41 

Methods: Eligible participants requiring bilateral mandibular premolar extraction will be 42 

enrolled. Test sites will receive CS/PVA membrane, while control sites will heal naturally. 43 

Primary outcomes include horizontal and vertical ridge dimensional changes, keratinized 44 

tissue width, and histomorphometric parameters. Secondary outcomes include soft tissue 45 

healing, soft tissue thickness gain, and adverse events. Outcomes will be assessed over a 46 

4-month healing period using blinded evaluation and paired statistical analysis. 47 

Discussion: This trial is designed to address current evidence gaps by isolating the barrier 48 

effect of CS/PVA nanofibrous membranes in intact sockets under open-healing conditions. 49 

Trial Registration: Prospective registration (TCTR20251001001). 50 

Keywords 51 

Barrier membrane, Guided bone regeneration, Guided tissue regeneration, Socket 52 

preservation, Clinical trial protocol, Chitosan, Polyvinyl alcohol, Nanofibers. 53 

 54 
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Introduction 66 

Tooth extraction initiates a cascade of biological events that frequently results in significant 67 

and irreversible alveolar ridge resorption(Apaza-Bedoya et al., 2024). The loss of 68 

periodontal ligament disrupts the vascular supply to the bundle bone, leading to rapid 69 

remodeling and dimensional contraction of the socket walls(Araújo et al., 2023). Clinical 70 

and radiographic studies have consistently reported horizontal ridge reduction of up to 50% 71 

within the first six months following extraction, with the majority of changes occurring 72 

during the early healing phase(Zhao et al., 2018). This phenomenon is particularly critical 73 

in the posterior mandible, where limited bone availability can compromise prosthetically 74 

driven implant placement and necessitates additional augmentation procedures(Aliabadi et 75 

al., 2020).  76 

Guided Bone Regeneration (GBR) is a well-established surgical technique that uses barrier 77 

membranes to create a secluded space over a bone defect, preventing soft tissue cells from 78 

migrating into the defect and allowing osteogenic cells to repopulate and regenerate 79 

bone(Z. Yang et al., 2022). Recent evidence confirms that barrier-assisted GBR and socket 80 

preservation techniques reduce post-extraction alveolar ridge resorption compared with 81 

spontaneous healing, although the magnitude varies across studies and materials(Kim et 82 

al., 2023; MacBeth et al., 2017; Mizraji et al., 2023). Effective GBR depends on a 83 

biocompatible barrier that maintains space, excludes unwanted cell types, and supports clot 84 

stability and vascularization(Caballé-Serrano et al., 2018).  85 

Barrier membranes can be resorbable or non-resorbable, with resorbable options reducing 86 

the need for a second surgery but sometimes exhibiting unpredictable degradation or 87 

limited mechanical strength(Abtahi et al., 2023). Advances in polymeric membranes, 88 

including synthetic and Electrospun designs, have expanded the range of materials 89 

available for GBR and ridge preservation, offering tailored mechanical and biological 90 

properties that may improve clinical performance and handling(Alqahtani et al., 2023).      91 

The development of electrospun nanofibrous membranes, particularly those made of 92 

chitosan (CS) and polyvinyl alcohol (PVA), represents a frontier in biomaterial science due 93 

to the high surface-to-volume ratio and tunable properties that better mimic the native 94 

extracellular matrix(Sánchez-Machado et al., 2024). CS is a natural biopolymer derived 95 

from chitin and is widely used in regenerative medicine for its biocompatibility, 96 

biodegradability, and intrinsic mucoadhesive properties(Mokhtari et al., 2025). In addition, 97 

CS exhibits broad-spectrum antibacterial activity, which has been shown to occur through 98 

the disruption of bacterial cell walls and inhibition of microbial proliferation(Murugan et 99 

al., 2025), which is an important advantage when membranes are intentionally left exposed 100 

in open-healing protocols. Recent studies on CS/PVA blends confirm improved 101 

antibacterial activity and support early soft tissue healing in wound models(Cai et al., 2024; 102 

Doan & Tran, 2023). 103 

However, pure CS membranes often lack the mechanical strength and flexibility required 104 

for consistent clinical handling and space maintenance(Wahba, 2020). The incorporation 105 



4 

 

of PVA, a hydrophilic and biocompatible synthetic polymer, enhances the mechanical 106 

integrity and spinnability of nanofibers, producing scaffolds with more favorable tensile 107 

properties and structural stability(Ghoneum et al., 2025). Electrospun CS/PVA blends also 108 

demonstrate improved morphology and uniform fiber formation, which are critical for 109 

maintaining barrier function in moist and dynamic environments like the oral cavity(Al-110 

Madhagy et al., 2023). Recent materials research shows that optimized CS/PVA 111 

electrospinning parameters can significantly enhance fiber consistency and mechanical 112 

performance relative to CS alone(Hadipour-Goudarzi et al., 2023; Salleh et al., 2025). 113 

Despite the increasing use of polymeric barrier membranes and their theoretical advantages 114 

for ridge preservation, high-quality clinical evidence evaluating their effectiveness as 115 

standalone barriers without adjunctive grafting remains limited(Tang & Zhang, 2025). 116 

Recent reviews emphasize that most human studies combine membranes with graft 117 

materials, which obscures the isolated effect of the membrane on hard and soft tissue 118 

healing, and that randomized split-mouth trials with histomorphometric outcomes are 119 

scarce(Avila-Ortiz et al., 2019). In an open-healing scenario, a barrier membrane must not 120 

only function as a physical partition preventing soft tissue ingrowth into the socket, but 121 

also stabilize the blood clot, reduce the risk of alveolar osteitis (dry socket), and facilitate 122 

the development of a mature and keratinized tissue band(Dimitriou et al., 2012; 123 

Schnutenhaus et al., 2018). Therefore, this randomized split-mouth clinical trial aims to 124 

evaluate the effectiveness of an electrospun chitosan/polyvinyl alcohol nanofibrous 125 

membrane as a standalone open-healing barrier for ridge preservation, assessing its ability 126 

to limit bone resorption and improve soft tissue outcomes compared with natural healing. 127 

       128 

 129 

Objectives  130 

Primary objectives 131 

To compare horizontal and vertical alveolar ridge dimensional changes, keratinized tissue 132 

width, and histomorphometric outcomes between mandibular premolar extraction sockets 133 

treated with a nanofibrous electrospun CS/PVA membrane and those healing naturally. 134 

Secondary objectives 135 

To evaluate soft tissue thickness gain, early wound healing, and the occurrence of 136 

postoperative adverse events between the two treatment approaches. 137 

Statistical hypothesis 138 

The null hypothesis is that no statistically significant differences exist between test and 139 

control sites with respect to the primary and secondary outcomes. 140 

 141 
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This protocol was developed in accordance with the Standard Protocol Items: 142 

Recommendations for Interventional Trials (SPIRIT) 2025 statement(Chan et al., 2025), 143 

and the results of the completed trial will be reported in line with the CONsolidated 144 

Standards of Reporting Trials (CONSORT) 2025 guidelines(Hopewell et al., 2025).  145 

Study Design and Methodology 146 

Trial Design and Setting 147 

This study is designed as a prospective, randomized, triple-blinded, split-mouth clinical 148 

trial with a 1:1 allocation ratio. The trial will be conducted at the outpatient clinics of the 149 

Oral and Maxillofacial Surgery Department, Faculty of Dentistry, Damascus University. 150 

Ethical approval from the Biomedical Research Ethics Committee has been obtained, and 151 

the trial has been prospectively registered at the Thailand Clinical Trial Registry (ID: 152 

TCTR20251001001). The study will be conducted in accordance with the Declaration of 153 

Helsinki. Furthermore, this study is designed as an exploratory, superiority clinical trial. 154 

Participant recruitment has started on 13/01/2026 and is expected to continue until the 155 

required sample size is achieved. Given the exploratory nature and minimal risk of this 156 

trial, no independent auditing process is planned.   157 

The study will recruit patients requiring bilateral extraction of non-restorable mandibular 158 

premolars. Participants will be screened by 2 assessors, and must meet the following 159 

criteria to be eligible for inclusion: 1- adults aged between 18 and 65 years in good general 160 

health. 2- presence of bilateral, single-rooted mandibular premolars requiring extraction 161 

due to caries, endodontic failure, or trauma. 3- post-extraction sockets must exhibit intact 162 

buccal and lingual plates, classified as type 1 (4-walled) sockets. 4- presence of at least two 163 

stable, non-mobile adjacent or nearby teeth to support the reference stent.5- ability to 164 

understand and sign the informed consent and commit to the four-month follow-up 165 

schedule.  166 

Exclusion criteria will include the following: 1- Patients with uncontrolled metabolic bone 167 

diseases, uncontrolled systemic diseases, or those on long-term corticosteroids or 168 

bisphosphonate therapy will be excluded. 2- Patients with active periodontal disease, 169 

defined as probing pocket depth ≥ 5 millimeters (mm) with bleeding on probing at the 170 

extraction sites, or acute periapical infection at the extraction sites that cannot be fully 171 

debrided. 3- heavy smokers (≥ 10 cigarettes/day), alcoholics, and pregnant and lactating 172 

women. 4- Patients with a known sensitivity to seafood, chitosan, or PVA.   173 

Randomization will be performed using a computer-generated simple random sequence 174 

(randomizer.org) to determine the allocation of the CS/PVA nanofibrous membrane to 175 

either the left or right extraction site. For randomization purposes, the right side will be 176 

coded as”1” and the left side as “2”, with the selected numbering indicating the test site. 177 

The generated sequence will be printed, placed into sequentially numbered, opaque, sealed 178 

envelopes corresponding to patient enrollment order, and prepared by an assistant not 179 

involved in the surgical or outcome assessment procedures. Allocation concealment will 180 

be maintained until both teeth are extracted and the integrity of the four socket walls is 181 
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confirmed, at which point the envelope will be opened by the surgeon. Participants, 182 

outcome assessors, and the data analyst will remain blinded to group allocation throughout 183 

the study period.     184 

Surgical protocol 185 

Under local anesthesia (2% lidocaine with 1:100.000 epinephrine), the target teeth on both 186 

sides will be extracted with minimal trauma using elevators and forceps, and will be 187 

debrided from granulation tissues if present. Following extraction, a 2 mm cervicular mini-188 

flap will be elevated buccally and lingually on both sockets to facilitate measurements, 189 

membrane placement, and suturing. An impression for the lower arch will be taken and 190 

poured to make a stone cast; all measurements will be taken at this stage. 191 

 For the experimental sites, the CS/PVA membranes will be supplied in a sterile form and 192 

trimmed chairside to adapt to the socket dimensions; detailed fabrication and 193 

physicochemical characterization have been previously described(Al-Madhagy et al., 194 

2022). After membrane adaptation, 3/0 nylon sutures will be placed in a figure 8 pattern. 195 

To maintain participant blinding, membrane handling and suturing procedures will be 196 

visually simulated at both extraction sites; however, only the test site will receive the 197 

CS/PVA membrane, while the control site will be sutured over the natural blood clot.  198 

Postoperative instructions 199 

Patients will be provided with verbal and written instructions. These include: biting on a 200 

sterile gauze for one hour, avoiding spitting, and mouth rinsing during the first 24 hours, 201 

avoiding hot drinks, and maintain soft diet for the first 48 hours, rinsing with warm normal 202 

saline from the day after surgery. prescribed analgesics (acetaminophen 500 mg) to be used 203 

when the pain is severe. No systematic antibiotic will be prescribed unless a post-extraction 204 

infection occurs. Sutures will be removed after one week.  205 

Postoperative complications, specifically alveolar osteitis (dry socket) or localized surgical 206 

site infections, will be defined and systematically recorded as adverse events. Alveolar 207 

osteitis will be diagnosed based on the presence of intense pain starting 1-3 days post-208 

extraction, accompanied by a total or partial loss of the blood clot within the alveolar 209 

socket. Localized infection will be identified by clinical signs, including suppuration, 210 

persistent erythema, or swelling beyond the normal 72-hour inflammatory window. All 211 

such occurrences will be documented in the participant’s case report form and recorded as 212 

binary outcomes (presence/absence). Affected sites will receive appropriate palliative care 213 

or pharmacological intervention; however, these participants will remain in the study to 214 

preserve the Intention-to-Treat (ITT) population for longitudinal soft and hard tissue 215 

monitoring. Adverse events will be monitored and recorded by the principal investigator 216 

throughout the follow-up period. 217 

Following the extraction of bilateral, non-restorable mandibular premolars, a computer-218 

generated randomization sequence will be used to assign each socket to either the 219 

experimental group (membrane group) or the control group (blood clot group) by an 220 
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assistant who is not involved in the study. The assignments will be placed in sequentially 221 

numbered, opaque, sealed envelopes. The surgeon will open the envelope only after the 222 

extraction is completed and the four –walled integrity of the socket is confirmed, thereby 223 

preventing selection bias during the extraction process. 224 

Four-month follow-up and surgical re-entry 225 

At the conclusion of the four-month healing period, sites will undergo a standardized 226 

clinical and surgical evaluation prior to implant placement. Following local anesthesia, a 227 

mid-crestal incision will be performed using a number 15 blade, followed by the elevation 228 

of a full-thickness mucoperiosteal flap. A bone core biopsy will be harvested from the 229 

geometric center of the sockets using a 2.0 mm internal diameter trephine bur under sterile 230 

saline irrigation to a depth of 6-8 mm. The osteotomy will be expanded to the dimensions 231 

of the required implants, followed by implant insertion, flap repositioning, and suturing 232 

with 3/0 silk sutures.     233 

Participant timeline 234 

Screening and eligibility assessment will occur prior to extraction. Baseline measurements 235 

will be recorded immediately after extraction. Postoperative follow-up visits will be 236 

conducted at 7, 14, and 21 days for soft tissue healing assessment. Final clinical 237 

measurements and bone core biopsy will be performed at 4 months during implant 238 

placement (table 1). The participant timeline was structured in accordance with the SPIRIT 239 

2025 recommendations(Chan et al., 2025).     240 

   241 

Outcomes assessment 242 

The primary outcomes of this study are the change in vertical bone height, horizontal ridge 243 

width, keratinized tissue width, and histomorphometric outcomes at 4 months post-244 

extraction. Secondary outcomes include soft tissue augmentation and early wound healing 245 

parameters. 246 

I. Clinical Morphometric Assessment 247 

Direct clinical measurements will be recorded at baseline (immediately following 248 

extraction) and at 4 months during the re-entry surgery. To ensure site-specific accuracy, a 249 

customized transparent vacuum stent will be fabricated for each patient, extending to at 250 

least two stable adjacent teeth and to the vestibule of the extracted tooth as well (Figure 1). 251 

All clinical measurements will be performed by a single calibrated examiner who is blinded 252 

to group allocation. 253 

1- Vertical Bone Linear Measurements:  254 

A calibrated periodontal probe will be used to measure the distance from the stent’s fixed 255 

reference holes to the alveolar crest at five specific points: mid-buccal, mid-lingual. Mesial, 256 

distal, and the center of the socket.  257 
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The central hole will be used to measure the distance from the stent to the socket floor at 258 

baseline, then at 4 months, measuring from the stent to the newly formed bone. This will 259 

allow us to calculate the amount of socket fill. The other holes will be used to record the 260 

heights of the socket walls and will tell us how much bone resorption/gain. 261 

The Vertical Bone Change (VBC) for each wall will be calculated using the following 262 

formula: 263 𝑽𝑩𝑪 = ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࡴ −  264 ࢖࢛࢝࢕࢒࢒࢕ࢌࡴ

Where H is the distance from the stent to the bone of a specific wall. 265 

The percent of VBC for each wall will be calculated using the following formula: 266 %𝑽𝑩𝑪 = ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࡴ) − ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࡴ࢖࢛࢝࢕࢒࢒࢕ࢌࡴ ) × 100 267 

The Vertical Socket Fill (VSF) will be calculated using the following formula: 268 𝑽ࡲࡿ = ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࡰ −  269 ࢖࢛࢝࢕࢒࢒࢕ࢌࡰ

Where D is the distance from the stent to the socket floor/apex. 270 

2- Horizontal Ridge Width:  271 

The horizontal bone width will be evaluated using the transgingival ridge mapping 272 

technique in conjunction with the reference stent. Three holes will be perforated on the 273 

horizontal extension guide of the stent at crestal level (1 mm), then 3 mm, and 5 mm 274 

apically on both the buccal and lingual sides. A sharp-tipped Wilson Ridge Mapping 275 

Caliper will be inserted through the guide channels, and the overlying soft tissue until the 276 

alveolar bone is definitely reached on both buccal and lingual aspects.  277 

The total horizontal width (W) at each level will be recorded at baseline and after 4 months. 278 

The magnitude of horizontal resorption will be calculated using the formula: 279 

ࢃ∆                                                  = ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࢃ −  280 ࢖࢛࢝࢕࢒࢒࢕ࢌࢃ

   281 

The percent of width loss will be calculated using the following formula: 282 %࢙࢙࢕࢒ = ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࢃ) − ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࢃ࢖࢛࢝࢕࢒࢒࢕ࢌࢃ ) × 100 283 

 284 
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 285 

Figure 1: The Fabricated transparent,  patient-specific Vacuum stent with the hole on the occlusal and buccal surfaces. 286 

 287 

3- Keratinized Tissue Width (KWT): 288 

The KWT will be measured from the gingival margin to the mucogingival junction (MGJ) 289 

at baseline and after 4 months. The mid-buccal hole of the stent will be used as a reference 290 

point to identify the mid-buccal point (upper limit). The MGJ will be identified using the 291 

roll test, where the alveolar mucosa is moved coronally with a probe until it meets the 292 

immobile keratinized tissue (lower limit).   293 

Assessment of KWT will be calculated based on the following formula: 294 ∆ࢀࢃࡷ = ࢋ࢔࢏࢒ࢋ࢙ࢇ࢈ࢀࢃࡷ −  295 ࢖࢛࢝࢕࢒࢒࢕ࢌࢀࢃࡷ

 296 

4- Soft Tissue Augmentation (Soft Tissue Thickness Gain): 297 

Soft tissue thickness (STT) will be assessed at 4 months during re-entry surgery by a graded 298 

probe at two anatomical locations utilizing the stent holes: the mid-buccal aspect and the 299 

center of the socket during the re-entry surgery (4 months). The central STT will be 300 

calculated by subtracting the stent-to-bone distance from the stent-to-mucosa distance, as 301 

shown in the following formula: 302 
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࢒ࢇ࢚࢘࢔ࢋࢉࢀࢀࡿ = ࢋ࢔࢕࢈ࡰ −  303 ࢇ࢙࢕ࢉ࢛࢓ࡰ

5- Soft Tissue Healing: 304 

The qualitative assessment of early wound healing will be calculated at 7, 14, and 21 days 305 

post-extraction using the Healing Index by Landry et al(Landry, 1985). The index will 306 

assess five clinical parameters to determine the overall state of the wound, these are: the 307 

tissue color, bleeding on palpation, presence of granulation tissue, incision or wound 308 

margins (presence of epithelization and connective tissue exposure), and presence of 309 

suppuration. The clinical sites will be scored on a scale of 1 to 5 by a single blinded 310 

examiner. A score of 1 will indicate a very poor healing, while a score of 5 will indicate an 311 

excellent socket healing. 312 

II. Histological and Histomorphometric Analysis: 313 

Histomorphometric protocol and subsequent analysis will be performed following the 314 

method described by Elizalde-Mota et al. with some modifications (Elizalde-Mota et al., 315 

2024). Upon surgical re-entry at four months, bone core biopsies will be harvested from 316 

the center of experimental and control sites using a sterile 2.0 mm internal diameter 317 

trephine bur. The samples will be immediately fixed in 10% neutral buffered formalin for 318 

48 hours, and subsequently decalcified in 5% formic acid or a similar decalcifying agent 319 

for approximately 3-5 days. 320 

Following decalcification, the specimens will be dehydrated in a series of graded alcohols, 321 

cleared in xylene, and embedded in paraffin blocks. Longitudinal sections of 4-6 μm 322 

thickness will be cut through the middle of each core using a precise microtome. The 323 

primary sections will be stained with Hematoxylin and Eosin (H&E) staining, which 324 

provides detailed views of cell nuclei and cytoplasm. Additionally, Masson’s Trichrome 325 

Staining will be utilized to differentiate between mineralized bone and organized 326 

collagenous connective tissue, facilitating the identification of newly formed bone and 327 

pseudo-periosteum beneath the resorbable membrane.    328 

The histomorphometric evaluation will be performed using high-resolution digital imaging 329 

and ImageJ software. The total area of each core will be analyzed to quantify the following 330 

parameters as a percentage of the total biopsy area: 331 

- New Vital Bone (VB%): percentage of newly formed mineralized tissue 332 

characterized by osteocytes in lacunae. 333 𝑽𝑩% = ࢇࢋ࢘ࢇ ࢙࢟࢖࢕࢏࢈ ࢒ࢇ࢚࢕ࢀࢋ࢔࢕࢈ ࢒ࢇ࢚࢏࢜ ࢌ࢕ ࢇࢋ࢘࡭) ) × 100 334 

 335 

- Connective Tissue/Marrow Space (CT%): percentage of non-mineralized 336 

structures, including fibrous tissue and vascular components. 337 𝑪ࢀ% = ࢋ࢛࢙࢙࢏࢚ ࢋ࢜࢏࢚ࢉࢋ࢔࢔࢕ࢉ ࢌ࢕ ࢇࢋ࢘࡭) + ࢇࢋ࢘ࢇ ࢙࢟࢖࢕࢏࢈ ࢒ࢇ࢚࢕ࢀ࢝࢕࢘࢘ࢇࡹ ) × 100 338 
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 339 

- Residual Material (RM%): percentage of any remaining membrane remnants, if 340 

present. 341 ࡹࡾ% = ࢇࢋ࢘ࢇ ࢙࢟࢖࢕࢏࢈ ࢒ࢇ࢚࢕ࢀࢋ࢔ࢇ࢘࢈࢓ࢋࡹ ࢒ࢇ࢛ࢊ࢏࢙ࢋࡾ ࢌ࢕ ࢇࢋ࢘࡭) ) × 100 342 

 343 

Statistical analysis plan: 344 

Sample size calculation  345 

The required sample size for this split-mouth study was determined using a power analysis 346 

(G*POWER V1.3.9.4., Franz Faul, Universität Kiel, Germany), accounting for paired 347 

comparisons, and based on the primary outcome of horizontal ridge width change. 348 

Assuming an alpha level of 0.05 and a desired power of 95%, an effect size of 1.7 was 349 

chosen based on the study of Rapani et al.(Rapani et al., 2025); the required sample size is 350 

7 patients (14 alveolar sockets); however, additional participants will be recruited to 351 

account for potential dropouts. 352 

All quantitative data will be recorded and uploaded to a centralized electronic database 353 

(Open Science Framework, OSF)(Foster & Deardorff, 2017). Descriptive statistics will be 354 

presented as means and standard deviation, or medians and interquartile ranges when 355 

appropriate. The distribution of each continuous variable will be assessed for normality 356 

using the Shapiro-Wilk test. If the data meet the assumptions of normality, the paired t-test 357 

will be employed to determine the significant differences between the experimental 358 

membrane site and the control site within the same patient. For variables that deviate from 359 

the normal distribution or for ordinal data, the Wilcoxon Signed-Rank test will be applied.  360 

All statistical tests will be two-tailed, with the threshold for statistical significance set at p 361 

< 0.05. Multi-level horizontal width assessments will be subjected to a Bonferroni 362 

correction where appropriate to account for multiple comparisons. 363 

A sensitivity analysis will be conducted to evaluate the robustness of the primary outcomes. 364 

The primary analysis will follow the ITT principle, including all randomized participants 365 

regardless of postoperative complications, to reflect real-world clinical effectiveness. 366 

Subsequently, a per-protocol (PP) sensitivity analysis will be performed, excluding sites 367 

that developed alveolar osteitis or infection, to assess the treatment effect under ideal 368 

biological conditions. Discrepancies between ITT and PP results will be evaluated to 369 

determine if pathological resorption secondary to complications significantly confounded 370 

the observed efficacy of the membrane.  All analyses will be performed using the Statistical 371 

Package for the Social Sciences (SPSS, IBM Corp., Armonk, NY, USA) software. 372 

Given the split-mouth design of the study, loss to follow-up will result in simultaneous 373 

missing data for both test and control sites within the same participant. Therefore, 374 

participants who fail to attend the scheduled follow-up visits will be excluded from the 375 



12 

 

analysis and, if such a loss occurs before the minimum required sample size is reached, 376 

additional participants will be recruited to preserve statistical power.  377 

Discussion 378 

The clinical management of extraction sockets remains a cornerstone of implant dentistry, 379 

yet the challenge of balancing bone preservation with minimally invasive techniques 380 

persists(Yankov, 2023). This protocol evaluates a CS/PVA nanofibrous membrane in an 381 

open-healing, 4-walled socket model to address the limitations of current collagen-based 382 

barriers, which often lack the anti-microbial resilience required when left exposed to the 383 

oral environment(Abdo et al., 2023). By utilizing a split-mouth design in the posterior 384 

mandible, we isolate the biomaterial’s performance from patient-specific systemic 385 

variables, providing a controlled assessment of its barrier function and antimicrobial 386 

efficacy.  387 

The primary outcomes are designed to measure the membrane’s ability to shield the neutral 388 

blood clot. In 4-walled sockets, the buccal plate is particularly susceptible to osteoclast-389 

mediated resorption following the loss of bundle bone(Ickroth et al., 2025). Our use of a 390 

fixed-stent coordinate system for measurement is a critical methodological choice; it 391 

prevents the geometric shift error common in studies that measure from a resorbing crest, 392 

ensuring that the 1, 3, and 5 mm horizontal data points remain spatially consistent over the 393 

four-month period. This measurement approach follows methodologies described in well-394 

designed ridge preservation trials to minimize positional bias(Aguilar Porta et al., 2025; 395 

Khan et al., 2024).  396 

A unique aspect of this protocol is the emphasis on soft tissue augmentation as a secondary 397 

outcome. While most alveolar ridge preservation research focuses exclusively on bone, the 398 

quality and thickness of the overlying mucosa (the biotype) are essential for long-term 399 

stability of the future dental implants(Shafizadeh et al., 2022). It is anticipated that the 400 

delayed resorption profile of the CS/PVA membrane acts as a scaffold not just for 401 

osteoprogenitor cells, but for fibroblasts, potentially converting a thin biotype into a thick, 402 

keratinized cuff through the formation of an organized connective tissue matrix(Al-403 

Madhagy et al., 2023; Nathan et al., 2023). 404 

The inclusion of histomorphometric analysis from trephine cores serves as the biological 405 

gold standard for this trial. By calculating vital bone percentage in sockets without bone 406 

graft substitutes, we can directly attribute the osteogenic outcome to the membrane’s 407 

barrier function(Avila-Ortiz et al., 2019). The absence of graft particle eliminates the 408 

confounding variable of residual biomaterial, allowing a clear view of the natural trabecular 409 

architecture facilitated by the CS/PVA interface. This approach is consistent with 410 

histomorphometric protocols used in recent ridge preservation studies evaluating 411 

membrane interventions(Benekou et al., 2025; F. Yang et al., 2023). 412 

Furthermore, the decision to maintain participants with postoperative complications for an 413 

Intention-To-Treat analysis, supported by a sensitivity analysis, enhances the external 414 

validity of the study(Gupta, 2011). This approach reflects real-world clinical challenges, 415 
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such as localized infection or alveolar osteitis, while the sensitivity analysis ensures that 416 

the Pre-Protocol efficacy remains scientifically robust. This ensures the study addresses 417 

not only the material’s potential under ideal conditions but also its performance under 418 

clinically relevant healing conditions.  419 

Although the CS/PVA membrane typically undergoes complete enzymatic resorption 420 

within the first three months, its early-stage stability remains a challenge(Sbricoli et al., 421 

2020). Without an underlying structural support, the membrane may be prone to central 422 

collapse, potentially reducing the vertical space available for regeneration and leading to a 423 

dipped ridge profile. Furthermore, the split-mouth design, while controlling for systemic 424 

variables, cannot entirely eliminate carry-over effects or patient-specific chewing 425 

preferences that may disproportionally expose one site to mechanical trauma(Qin et al., 426 

2022).  427 

The generalizability of these findings is also restricted by the strict exclusion of 428 

compromised sockets (types 2 and 3) and patients with systemic comorbidities like 429 

uncontrolled diabetes. Consequently, the results may not reflect the membrane’s efficacy 430 

in sites with buccal plate dehiscence or impaired healing capacity.   431 

Conclusion 432 

In conclusion, this split-mouth randomized protocol seeks to determine if the 433 

chitosan/polyvinyl alcohol nanofibrous membrane can predictably preserve ridge 434 

dimensions in premolar mandibular sockets without supplementary grafting. While the 435 

material’s biomimetic architecture is promising, its ability to maintain vertical space and 436 

enhance soft tissue quality under open-healing conditions remains to be definitively 437 

proven. This trial is designed to generate preliminary clinical and histological evidence on 438 

the feasibility of nanofibrous barriers as a standalone, minimally invasive alternative to 439 

traditional ridge preservation techniques. 440 

        441 

Declarations 442 

Abbreviations 443 

CS: Chitosan. 444 

PVA: Polyvinyl alcohol. 445 

CS/PVA: Chitosan/polyvinyl alcohol. 446 

GBR: Guided bone regeneration.  447 

SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials. 448 

CONSORT: CONsolidated Standards of Reporting Trials. 449 

TCTR: Thailand Clinical Trial Registry. 450 



14 

 

mm: millimeters. 451 

ITT: Intention-to-Treat. 452 

VBC: Vertical Bone Change. 453 

H: the distance from the stent to the bone of a specific wall. 454 

VSF: Vertical Socket Fill. 455 

D: the distance from the stent to the socket floor/apex. 456 

W: total horizontal width. 457 

KTW: Keratinized Tissue Width. 458 

MJC: mucogingival junction. 459 

STT: Soft tissue thickness. 460 

H&E: Hematoxylin and Eosin. 461 

VB: new vital bone. 462 

CT: Connective Tissue/Marrow Space. 463 

RM: Residual material. 464 

OSF: Open Science Framework.  465 

PP: Per-protocol. 466 

 467 

Ethics approval and consent to participate 468 

The Institutional Review Board and Ethical Committee of Damascus University approve the study 469 

(No: DN-180225-422). The study will be done in alignment with the guidelines of the Helsinki 470 

Declaration, and all participants will be asked to provide written informed consent.  471 

Trial Registration 472 

Thailand Clinical Trial Registry (TCTR). Registration number (ID: TCTR20251001001), 473 

Registered on 01/10/2025 (prospective registration).  474 

URL: https://www.thaiclinicaltrials.org/show/TCTR20251001001. 475 

 476 

Consent for Publication 477 

Not applicable. 478 

Protocol and statistical analysis plan 479 

https://www.thaiclinicaltrials.org/show/TCTR20251001001


15 

 

This manuscript describes the full study protocol and prespecified statistical analysis plan. Any 480 

protocol amendments will be documented and reported with justification. All analyses will be 481 

conducted according to the predefined plan prior to unblinding.  482 

Data availability 483 

De-identified data generated from this study will be deposited in the Open Science Framework 484 

(OFS) repository upon study completion, subject to ethical approval and participant 485 

confidentiality requirements. 486 

Dissemination policy: the results of this trial will be submitted for publication in peer-487 

reviewed scientific journals regardless of the direction or magnitude of findings. Findings 488 

may also be presented at national or international scientific conferences in the field of oral 489 

and maxillofacial surgery and implant dentistry.  490 

Funding  491 

This research receives no specific grant from any funding agency in the public, 492 

commercial, or not-for-profit sectors. The authors declare that no funds, grants, or other 493 

support were received. 494 

Competing interests 495 

The authors declare no financial or non-financial competing interests. 496 

Patient and public involvement 497 

Patients or the public were not involved in the design, conduct, reporting, or dissemination plans 498 

of this research. 499 

Adverse events (Harms) 500 

All adverse events will be monitored and recorded throughout the study period. Events will be 501 

reported descriptively as present or absent, including their nature and severity when applicable. 502 

Author contributions 503 

Gamil Al-Madhagy: concept/design, data analysis and interpretation plan, drafting article, critical 504 

revision of article, and approval of the article. 505 

Khaldoun Darwich: concept/design, data analysis and interpretation plan, drafting article, critical 506 

revision of article, and approval of the article.  507 

Acknowledgements  508 

Not applicable. 509 

 510 

References 511 

Abdo, V. L., Suarez, L. J., de Paula, L. G., Costa, R. C., Shibli, J., Feres, M., Barão, V. 512 

A. R., Bertolini, M., & Souza, J. G. S. (2023). Underestimated microbial infection of 513 



16 

 

resorbable membranes on guided regeneration. Colloids and Surfaces B: 514 

Biointerfaces, 226, 113318. 515 

https://doi.org/https://doi.org/10.1016/j.colsurfb.2023.113318 516 

Abtahi, S., Chen, X., Shahabi, S., & Nasiri, N. (2023). Resorbable Membranes for 517 

Guided Bone Regeneration: Critical Features, Potentials,  and Limitations. ACS 518 

Materials Au, 3(5), 394–417. https://doi.org/10.1021/acsmaterialsau.3c00013 519 

Aguilar Porta, M., Burelli, M. P., Urdapilleta, M., Gómez, M., & Olmedo, D. G. (2025). 520 

Reliability of a novel stent-based tomographic method to measure dimensional 521 

changes after alveolar ridge preservation in extraction sockets with buccal bone 522 

dehiscence. Imaging Sci Dent, 55. https://doi.org/10.5624/isd.20250208 523 

Al-Madhagy, G., Alghoraibi, I., Darwich, K., & Hajeer, M. Y. (2022). Evaluation of the 524 

Chemical, Morphological, Physical, Mechanical, and Biological  Properties of 525 

Chitosan/Polyvinyl Alcohol Nanofibrous Scaffolds for Potential Use in Oral Tissue 526 

Engineering. Cureus, 14(10), e29850. https://doi.org/10.7759/cureus.29850 527 

Al-Madhagy, G., Darwich, K., Alghoraibi, I., & Al-Moraissi, E. A. (2023). Radiographic 528 

evaluation of alveolar ridge preservation using a chitosan/polyvinyl  alcohol 529 

nanofibrous matrix: A randomized clinical study. Journal of Cranio-Maxillo-Facial 530 

Surgery : Official Publication of the European  Association for Cranio-Maxillo-531 

Facial Surgery, 51(12), 772–779. https://doi.org/10.1016/j.jcms.2023.09.020 532 

Aliabadi, E., Tavanafar, S., & Khaghaninejad, M. S. (2020). Marginal bone resorption of 533 

posterior mandible dental implants with different  insertion methods. BMC Oral 534 

Health, 20(1), 31. https://doi.org/10.1186/s12903-020-1019-7 535 

Alqahtani, A. M., Moorehead, R., & Asencio, I. O. (2023). Guided Tissue and Bone 536 

Regeneration Membranes: A Review of Biomaterials and  Techniques for 537 

Periodontal Treatments. Polymers, 15(16). https://doi.org/10.3390/polym15163355 538 

Apaza-Bedoya, K., Magrin, G. L., Romandini, M., Blanco-Carrión, J., & Benfatti, C. A. 539 

M. (2024). Efficacy of alveolar ridge preservation with xenografts and resorbable 540 

socket  sealing materials in the esthetic region: A systematic review with meta-541 

analyses. Clinical Implant Dentistry and Related Research, 26(1), 4–14. 542 

https://doi.org/10.1111/cid.13257 543 

Araújo, M. G., Dias, D. R., & Matarazzo, F. (2023). Anatomical characteristics of the 544 

alveolar process and basal bone that have an  effect on socket healing. 545 

Periodontology 2000, 93(1), 277–288. https://doi.org/10.1111/prd.12506 546 

Avila-Ortiz, G., Chambrone, L., & Vignoletti, F. (2019). Effect of alveolar ridge 547 

preservation interventions following tooth extraction: A systematic review and 548 

meta-analysis. In Journal of Clinical Periodontology (Vol. 46, Issue S21). 549 

https://doi.org/10.1111/jcpe.13057 550 

Benekou, I., Fragkioudakis, I., Chatzopoulos, G. S., & Vouros, I. (2025). Histological 551 

Outcomes of Alveolar Ridge Preservation Versus Spontaneous Healing  Following 552 

Tooth Extraction: A Systematic Review and Meta-Analysis. Dentistry Journal, 553 

13(12). https://doi.org/10.3390/dj13120556 554 



17 

 

Caballé-Serrano, J., Munar-Frau, A., Ortiz-Puigpelat, O., Soto-Penaloza, D., Peñarrocha, 555 

M., & Hernández-Alfaro, F. (2018). On the search of the ideal barrier membrane for 556 

guided bone regeneration. Journal of Clinical and Experimental Dentistry, 10(5), 557 

e477–e483. https://doi.org/10.4317/jced.54767 558 

Cai, T., Ge-Zhang, S., Zhang, C., Mu, P., & Cui, J. (2024). Excellent Antibacterial 559 

Properties of Silver/Silica–Chitosan/Polyvinyl Alcohol Transparent Film. In 560 

International Journal of Molecular Sciences (Vol. 25, Issue 15, p. 8125). 561 

https://doi.org/10.3390/ijms25158125 562 

Chan, A.-W., Boutron, I., Hopewell, S., Moher, D., Schulz, K. F., Collins, G. S., Tunn, 563 

R., Aggarwal, R., Berkwits, M., Berlin, J. A., Bhandari, N., Butcher, N. J., 564 

Campbell, M. K., Chidebe, R. C. W., Elbourne, D. R., Farmer, A. J., Fergusson, D. 565 

A., Golub, R. M., Goodman, S. N., … Hróbjartsson, A. (2025). SPIRIT 2025 566 

statement: updated guideline for protocols of randomised trials. BMJ, 389, e081477. 567 

https://doi.org/10.1136/bmj-2024-081477 568 

Dimitriou, R., Mataliotakis, G. I., Calori, G. M., & Giannoudis, P. V. (2012). The role of 569 

barrier membranes for guided bone regeneration and restoration of  large bone 570 

defects: current experimental and clinical evidence. BMC Medicine, 10, 81. 571 

https://doi.org/10.1186/1741-7015-10-81 572 

Doan, L., & Tran, K. (2023). Relationship between the Polymer Blend Using Chitosan, 573 

Polyethylene Glycol,  Polyvinyl Alcohol, Polyvinylpyrrolidone, and Antimicrobial 574 

Activities against Staphylococcus aureus. Pharmaceutics, 15(10). 575 

https://doi.org/10.3390/pharmaceutics15102453 576 

Elizalde-Mota, M. K., Hernández-Romero, C., Sanchez-Sosa, S., Rocha-Rocha, V. M., & 577 

Espinosa-Arreola, M. (2024). Histomorphometric Evaluation of New Bone 578 

Formation, Dimensional Changes, and Residual Particles in Alveolar Ridge 579 

Preservation Techniques Using InterOss® Anorganic Cancellous Bone Graft: A 580 

Longitudinal Study. International Journal of Dentistry, 2024. 581 

https://doi.org/10.1155/2024/3263011 582 

Foster, E. D., & Deardorff, A. (2017). Open Science Framework (OSF). In Journal of the 583 

Medical Library Association : JMLA (Vol. 105, Issue 2, pp. 203–206). 584 

https://doi.org/10.5195/jmla.2017.88 585 

Ghoneum, M., Kenawy, E.-R., Soliman, H. M. A., Abdel-Moaty, M. S., & El-Shanshory, 586 

A. A. (2025). Chitosan || Biobran/PVA || Chitosan/PVA tri-layered nanofiber 587 

scaffold: A biphasic release system with physicochemical properties conducive to 588 

skin tissue engineering. Carbohydrate Polymer Technologies and Applications, 11, 589 

100878. https://doi.org/https://doi.org/10.1016/j.carpta.2025.100878 590 

Gupta, S. K. (2011). Intention-to-treat concept: A review. Perspectives in Clinical 591 

Research, 2(3), 109–112. https://doi.org/10.4103/2229-3485.83221 592 

Hadipour-Goudarzi, E., Hemmatinejad, N., & Shokrgozar, M. A. (2023). Fabrication and 593 

DOE Optimization of Electrospun Chitosan/Gelatin/PVA Nanofibers for Skin 594 

Tissue Engineering. Macromolecular Materials and Engineering, 308(5), 2200562. 595 



18 

 

https://doi.org/https://doi.org/10.1002/mame.202200562 596 

Hopewell, S., Chan, A.-W., Collins, G. S., Hróbjartsson, A., Moher, D., Schulz, K. F., 597 

Tunn, R., Aggarwal, R., Berkwits, M., Berlin, J. A., Bhandari, N., Butcher, N. J., 598 

Campbell, M. K., Chidebe, R. C. W., Elbourne, D., Farmer, A., Fergusson, D. A., 599 

Golub, R. M., Goodman, S. N., … Boutron, I. (2025). CONSORT 2025 statement: 600 

updated guideline for reporting randomised trials. BMJ, 389, e081123. 601 

https://doi.org/10.1136/bmj-2024-081123 602 

Ickroth, A., Christiaens, V., Pitman, J., & Cosyn, J. (2025). A Systematic Review on 603 

Immediate Implant Placement in Intact Versus Non-Intact Alveolar Sockets. In 604 

Journal of Clinical Medicine (Vol. 14, Issue 7, p. 2462). 605 

https://doi.org/10.3390/jcm14072462 606 

Khan, J., Bandi, S., Gangineni, S., Kummari, S., Pradeep, D. G., & Hinduja, T. (2024). 607 

Evaluation of Alveolar Ridge Dimensions by Socket Preservation Therapy Using a 608 

Bone Graft and Platelet-Rich Fibrin: A Randomized Controlled Trial. Cureus, 16(5), 609 

e60388. https://doi.org/10.7759/cureus.60388 610 

Kim, K., Su, Y., Kucine, A. J., Cheng, K., & Zhu, D. (2023). Guided Bone Regeneration 611 

Using Barrier Membrane in Dental Applications. ACS Biomaterials Science & 612 

Engineering, 9(10), 5457–5478. https://doi.org/10.1021/acsbiomaterials.3c00690 613 

Landry, R. G. (1985). Effectiveness of benzydamine HC1 in the treatment of periodontal 614 

post-surgical patients. 615 

MacBeth, N., Trullenque-Eriksson, A., Donos, N., & Mardas, N. (2017). Hard and soft 616 

tissue changes following alveolar ridge preservation: a systematic  review. Clinical 617 

Oral Implants Research, 28(8), 982–1004. https://doi.org/10.1111/clr.12911 618 

Mizraji, G., Davidzohn, A., Gursoy, M., Gursoy, U., Shapira, L., & Wilensky, A. (2023). 619 

Membrane barriers for guided bone regeneration: An overview of available  620 

biomaterials. Periodontology 2000, 93(1), 56–76. https://doi.org/10.1111/prd.12502 621 

Mokhtari, H., Bahari, M., & Yeganeh, F. (2025). Chitosan-based Biomaterials in 622 

Regenerative Medicine: Optimizing Mesenchymal Stem Cell Viability and 623 

Function. Stem Cell Reviews and Reports, 21, 2010–2030. 624 

https://api.semanticscholar.org/CorpusID:280022947 625 

Murugan, G., Khan, A., Nilsuwan, K., Kim, J. T., Benjakul, S., & Rhim, J.-W. (2025). 626 

Chitosan/Polyvinyl Alcohol Based Blend Film Containing Tangerine Peel Carbon 627 

Dots: Properties, Antioxidant and Antibacterial Activities. Waste and Biomass 628 

Valorization, 16(5), 2255–2270. https://doi.org/10.1007/s12649-024-02799-4 629 

Nathan, K. G., Genasan, K., & Kamarul, T. (2023). Polyvinyl Alcohol-Chitosan Scaffold 630 

for Tissue Engineering and Regenerative  Medicine Application: A Review. Marine 631 

Drugs, 21(5). https://doi.org/10.3390/md21050304 632 

Qin, D., Hua, F., Yue, H., Yan, Q., He, H., & Tu, Y.-K. (2022). The reporting and 633 

methodological quality of split-mouth trials in oral  implantology: A methodological 634 

study. Clinical Oral Implants Research, 33(12), 1282–1292. 635 



19 

 

https://doi.org/10.1111/clr.14011 636 

Rapani, A., Tonegato, L., Savadori, P., Martini, R., Pasquali, R., Zotti, M., Nicolin, V., 637 

Berton, F., & Stacchi, C. (2025). Clinical and Histologic Outcomes of Biologically 638 

Oriented Alveolar Ridge Preservation: A Prospective Observational Study. Clinical 639 

Implant Dentistry and Related Research, 27(3), 1–11. 640 

https://doi.org/10.1111/cid.70048 641 

Salleh, N. A. M., Afifi, A. M., Zuki, F. M., & SalehHudin, H. S. (2025). Enhancing 642 

mechanical properties of chitosan/PVA electrospun nanofibers: a comprehensive 643 

review. Beilstein Journal of Nanotechnology, 16, 286–307. 644 

https://doi.org/10.3762/bjnano.16.22 645 

Sánchez-Machado, D. I., López-Cervantes, J., Vega-Cázarez, C. A., Hernández-Ruiz, K. 646 

L., Campas-Baypoli, O. N., Soto-Cota, A., & Madera-Santana, T. J. (2024). 647 

Functional and antibacterial characterization of electrospun nanofiber membranes 648 

made of chitosan and polyvinyl alcohol. Results in Chemistry, 7, 101314. 649 

https://doi.org/https://doi.org/10.1016/j.rechem.2024.101314 650 

Sbricoli, L., Guazzo, R., Annunziata, M., Gobbato, L., Bressan, E., & Nastri, L. (2020). 651 

Selection of Collagen Membranes for Bone Regeneration: A Literature Review. 652 

Materials (Basel, Switzerland), 13(3). https://doi.org/10.3390/ma13030786 653 

Schnutenhaus, S., Martin, T., Dreyhaupt, J., Rudolph, H., & Luthardt, R. G. (2018). 654 

Dimensional Changes of the Soft Tissue after Alveolar Ridge Preservation with a  655 

Collagen Material. A Clinical Randomized Trial. The Open Dentistry Journal, 12, 656 

389–399. https://doi.org/10.2174/1874210601812010389 657 

Shafizadeh, M., Amid, R., Tehranchi, A., & Motamedian, S. R. (2022). Evaluation of the 658 

association between gingival phenotype and alveolar bone  thickness: A systematic 659 

review and meta-analysis. Archives of Oral Biology, 133, 105287. 660 

https://doi.org/10.1016/j.archoralbio.2021.105287 661 

Tang, H., & Zhang, Y. (2025). Effects of different oral barrier membranes on the efficacy 662 

and safety of guided  bone regeneration in patients with dental implants: a 663 

systematic review and meta-analysis. Acta Odontologica Scandinavica, 84, 318–664 

331. https://doi.org/10.2340/aos.v84.43758 665 

Wahba, M. I. (2020). Enhancement of the mechanical properties of chitosan. Journal of 666 

Biomaterials Science. Polymer Edition, 31(3), 350–375. 667 

https://doi.org/10.1080/09205063.2019.1692641 668 

Yang, F., Ruan, Y., Bai, X., Li, Q., Tang, X., Chen, J., Chen, Y., & Wang, L. (2023). 669 

Alveolar ridge preservation in sockets with severe periodontal destruction using  670 

autogenous partially demineralized dentin matrix: A randomized controlled clinical 671 

trial. Clinical Implant Dentistry and Related Research, 25(6), 1019–1032. 672 

https://doi.org/10.1111/cid.13247 673 

Yang, Z., Wu, C., Shi, H., Luo, X., Sun, H., Wang, Q., & Zhang, D. (2022). Advances in 674 

Barrier Membranes for Guided Bone Regeneration Techniques. Frontiers in 675 

Bioengineering and Biotechnology, 10, 921576. 676 



20 

 

https://doi.org/10.3389/fbioe.2022.921576 677 

Yankov, Y. G. (2023). Socket Preservation and Guided Bone Regeneration: Prerequisites 678 

for Successful  Implant Dentistry. Cureus, 15(11), e48785. 679 

https://doi.org/10.7759/cureus.48785 680 

Zhao, L., Xu, T., Hu, W., & Chung, K.-H. (2018). Preservation and augmentation of 681 

molar extraction sites affected by severe bone  defect due to advanced periodontitis: 682 

A prospective clinical trial. Clinical Implant Dentistry and Related Research, 20(3), 683 

333–344. https://doi.org/10.1111/cid.12585 684 

 685 

 686 



Supplementary Files

This is a list of supplementary files associated with this preprint. Click to download.

Table1.docx

https://assets-eu.researchsquare.com/files/rs-8929065/v1/287f763152d6bd1b51b2676a.docx

