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Modified membrane fixation technique in a severe continuous horizontal bone defect: A case report
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Abstract
BACKGROUND
Continuous severe horizontal bone defect is common in the aesthetic maxillary anterior area, and presents a major challenge in implant dentistry and requires predictable bone augmentation to increase the width of the alveolar bone. 

CASE SUMMARY
[bookmark: OLE_LINK1]A 24-year-old man, with a history of well-controlled IgA nephropathy, presented to the Dentistry Department of our hospital complaining of missing his right maxillary anterior teeth 1 mo ago. Severe horizontal alveolar bone defects at sites of teeth 12, 13 and 14 were diagnosed. A modified guided bone regeneration surgical approach stabilizing the absorbable collagen membrane and particulate graft materials by periosteal diagonal mattress suture (PDMS) combined with four corner pins was used for this severe continuous horizontal bone defect. The outcome revealed that the newly formed alveolar ridge dimension increased from 0.72 mm to 11.55 mm horizontally 10 mo postoperatively, with no adverse events. The implant surgery was successfully performed.

CONCLUSION
This case highlights that PDMS combined with four corner pins is feasible to maintain the space and stabilize the graft and membranes in severe continuous horizontal bone defect.
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Core Tip: We report a 24-year-old man with severe horizontal alveolar bone defects in the maxillary anterior teeth area. A modified guided bone regeneration surgical approach stabilizing the absorbable collagen membrane and particulate graft materials by periosteal diagonal mattress sutures (PDMS) combined with four corner pins was used for this severe continuous horizontal bone defect. The outcome revealed that the newly formed alveolar ridge dimension increased approximately 10 mm horizontally at 10 mo postoperatively. The technique PDMS combined with four corner pins may provide an alternative to traditional methods to obtain better bone regeneration. 

INTRODUCTION
Horizontal bone defect is common in the aesthetic maxillary anterior area, and presents a major challenge in implant dentistry and often requires bone augmentation to increase the width of the alveolar bone[1,2]. Various horizontal ridge reconstruction methods have been developed[3], including guided bone regeneration (GBR), onlay bone block graft, ridge splitting and expansion, distraction osteogenesis, and sandwich osteoplasty[4]. According to the decision tree of horizontal bone augmentation[5], when the ridge width is less than 3.5 mm, onlay bone grafting with the use of an autogenic or allogenic block is the first choice for horizontal bone augmentation[6]. However, this treatment also has some complications, such as extended surgical time, cost, discomfort to patients, nerve damage or morbidity, and unavoidable bone resorption[7]. An average resorption rate is 35%-51%, and 10 years of follow-up showed the range was between 20% and 92%[8].
GBR for alveolar bone reconstruction is effective and less invasive than block grafting. Advances in biomaterials and clinical techniques have led to the incorporation of GBR as a potential alternative in these challenging cases[9]. GBR with particulate graft materials and absorbable collagen membranes is an effective technique for horizontal alveolar ridge augmentation, and additional techniques like membrane fixation and decortication may be beneficial[10]. However, GBR for large horizontal and vertical ridge defects is still a technically sensitive procedure. External pressure from the flap or the occlusal forces may displace the graft and membrane laterally and apically, resulting in deficient bone. The “PASS” principle of GBR requires the use of absorbable or nonabsorbable membranes for the creation of a stable space for the particulate graft above the bone defect and under the periosteum[11].
Membrane fixation may have beneficial implications for GBR[12,13]. Several membrane fixation techniques have been reported despite them having several clinical challenges[13-18]. Application of titanium minipins for fixation of the nonabsorbable barrier membranes could limit movement of the membrane, surrounding bone and soft tissue flap[16]. The sausage technique using a membrane fixed with titanium pins has been developed to stabilize the particle grafts and membrane[18]. However, several potential risks have been documented: Damage of the adjacent roots and underlying anatomical vital structures, and the need for an extensive reopening procedure to retrieve the nonresorbable pins[19,20]. Therefore, a technique utilizing periosteal vertical mattress suture (PVMS) for the fixation of grafts and membranes has been proposed for single implant sites, and this technique can avoid potential complications of using fixation pins[13]. Similar to PVMS, continuous periosteal strapping sutures (CPSS) have been used to fix the grafts and absorbable membranes for buccal ridge augmentation and minimize the risks and comorbidities[17]. However, all this suture techniques are all limited by the tensile strength and the resorption rate of the sutures, the time of fixation is also limited by the biodegradation period of the absorbable suture material. Another limitation is that the linear-guided suture may result in possible migration of the particulate graft material in an apicocoronal direction. Moreover, the PVMS technique may not provide enough stability for grafts in large defects, and for large ridge defects the use of pins is still recommended. In the case of large bone defects with continuous multi-tooth positions, it is still recommended to use a large number of pins to fix the membrane and grafts, which is still the first choice currently, even if it has high technical sensitivity and costly.
So far, there are still no literatures about the combination use of suture technique and titanium pins to fix the membrane and grafts. Here, we present a case using a modified membrane fixation technique for stabilizing the absorbable membrane and underlying particulate grafts in a continuous severe horizontal bone defect with an average width of only approximately 1 mm. We used GBR with the graft composed of a 1:1 mixture of autogenous bone and anorganic bovine bone mineral (ABBM), covered by bilayer absorbable membranes, fixed by periosteal diagonal mattress suture (PDMS) and four corner titanium pins.

CASE PRESENTATION
Chief complaints
A 24-year-old male patient was referred to the Dentistry Department of Zhejiang Provincial People’s Hospital complaining of spontaneous loss of his right maxillary anterior tooth 1 mo previously.

History of present illness
The patient lost his right maxillary anterior tooth 1 mo prior to referral due to excessive loosening, and now he felt that it affected his appearance and required repair. 

History of past illness
The patient had IgA nephropathy and hypertension, which were well controlled after treatment, and the conditions have been stable for > 5 years.

Personal and family history
The patient had no other personal or family history.

Physical examination
His vital sign was stable, with blood pressure of 120/82 mmHg, heart rate of 75 beats per minute and body temperature of 36.7°C. Oral examination showed tooth 12 deficiency, and deciduous tooth 53 retention with a mobility degree of II, the root of tooth 14 was exposed and the buccal alveolar bone completely absorbed, poor oral hygiene with dental calculus and bleeding on probing (Figure 1A).

Laboratory examinations
Blood analysis and other laboratory findings were normal.

Imaging examinations
Cone beam computed tomography (CBCT) scanning revealed the vertical height of alveolar bone was sufficient (19.2-21.3 mm) but the horizontal width of alveolar crest was merely 0.6-2.5 mm.

FINAL DIAGNOSIS
The final diagnosis of the presented case was deficiency of tooth 12, and deciduous tooth 53 retention, severe periodontitis of tooth 14, severe continuous horizontal alveolar bone defects at sites of teeth 12, 13 and 14, and chronic gingivitis.

TREATMENT
The initial treatment was extraction of teeth 53 and 14 (Figure 1B), periodontal scaling and oral hygiene maintenance. Three weeks after teeth extraction and soft tissue healing (Figure 1C), clinical examination indicated that the bone quantity of right maxillary regions was insufficient for implant placement. CBCT scanning revealed the vertical height of alveolar bone was sufficient (19.2-21.3 mm) but the horizontal width of alveolar bone was merely 0.6-2.5 mm at the site 5 mm and 10 mm below the alveolar crest at sites 12 (Figure 2A) and 14 (Figure 2B). Horizontal bone augmentation and postponed implant placement was planned for this continuous severe horizontal bone defect. Bone augmentation was treated by GBR, with the graft composed of a 1:1 mixture of autogenous bone and ABBM, covered by bilayer absorbable membranes. The graft and membranes were fixed by PDMS combined with four corner pins. This study was approved by the Zhejiang Provincial People’s Hospital Institutional Review Board (No. 2021QT267) and the participant gave signed informed consent.
Autogenous bone harvest: a vestibular incision followed by two divergent vertical incisions were made below the mucogingival border in the mandibular intercanine region under local anesthesia, and a full-thickness mucoperiostal flap was elevated to expose the bone. Autogenous bone fragments were harvested using an autogenous bone drill (Osstem, Korea) within the safety margin to the tooth apex and the mental foramen, then mixed with particle bone graft (Bio-Oss, Geistlich, Switzerland) at a ratio of 1:1. Prior to soft tissue closure of the donor site, sharp edges were removed and a gelatin sponge was applied to the remaining defect as a hemostatic dressing. The wounds were closed with 4-0 resorbable suture (Coated VICRYL, Ethicon, United States). To minimize postoperative swelling and hematoma, an extraoral pressure dressing was applied to the donor sites and maintained for 3 d. 
Recipient site preparation: after disinfection and local anesthesia, a mid-crestal incision along with an intrasulcus incision of the adjacent tooth were performed, extending into the distal of teeth 11 and 15, with two divergent vertical incisions made one tooth away from teeth 11 and 15 and a full-thickness flap was reflected. Decortication holes were prepared on the surface of the recipient region (Figure 3A). The mixed particle bone graft was adapted to the recipient sites, with the width more than 10 mm, then entirely covered by bilayer absorbable collagen membrane (Bio-Gide, Geistlich, Switzerland) (Figure 3B). Four titanium pins (Trausim, China) were used to fix the four marginal angles of the collagen membrane; two of which were located on the buccal side and two on the palatal side, avoiding the anatomical structures such as root and maxillary sinus. A periosteal release incision was made 2-3 mm beneath the planned apical position of the graft material and membrane. Incremental incisions of 1 to 3 mm into the periosteum and submucosa were made perpendicular to the base of the inner surface of the flap[21]. The flap on the palatal side was partially reflected and the buccal flap advancement was evaluated to determine if deeper incisions into the submucosa were needed to attain more advancement to make sure the soft tissue could be closed without any tension (Figure 3C)[22]. A 6-0 absorbable suture (Coated VICRYL, Ethicon, United States) was used to fix the absorbable membranes and bone graft material using PDMS (Figure 3D). 
PDMS and titanium pins fixation technique: after accurate placement of the four titanium pins, the suture needle was introduced through the palatine mucosa at a point one third distal to the mesial corner pin at the palatal site. The needle was carried over the membrane and stitched through the periosteum 2-3 mm apical to the periosteal release incision at a point one third mesial to the distal buccal pin. The needle was looped back at the exterior surface of the grafts and passed through the palatine mucosa, tightening the suture, and then a knot was tied at the exterior of the palatine mucosa to stabilize the suture. The same procedure was repeated at a point one third mesial to the distal corner pin at the palatal site to a point one third distal to the mesial buccal corner pin and then knotted. The two sutures formed a figure of eight cross at the midpoint of the graft material on the buccal side (Figure 4). After tightening the suture, we checked if the bone graft and the membrane were completely immobilized and positioned correctly. Two PDMS prevented potential movement and migration of the bone graft and membranes. Finally, the mucoperiosteal flap was released to ensure a tension-free closure and the flaps were sutured by two layers, combining horizontal mattress sutures with single interrupted sutures. Vertical incisions were closed using single interrupted sutures, which were removed 7 d after surgery, while the mattress suture remained in place until 2 wk. The patient was instructed to use antibiotics and 0.2% chlorhexidine mouth rinse twice a day for 7 d to prevent infection. Two implants (Ankylos A11; Friadent, Germany) were placed after 10 mo’s healing without any bone augmentation surgery, and the final prostheses were finished at 3 mo after implant placement.

OUTCOME AND FOLLOW-UP
The cross-sections of the grafted area were measured to evaluate the width of the reconstructed alveolar ridge. CBCT imaging was performed preoperatively, immediately after bone augmentation surgery, and before and after implant placement. The CBCT images were superimposed before bone grafting and after implantation using a software system (3Shape, Denmark); the yellow line represented the alveolar ridge before bone grafting. The result showed that an average augmentation of approximately 10 mm in the alveolar ridge width was achieved at the surgical site after 10 mo’ of healing. Two sites were selected to analyze the volume of bone augmentation, 5 and 10 mm below the alveolar crest. Significant bone width increment was achieved by this modified GBR technique. CBCT images showed that at the tooth 12 site, the bone width was increased from 1.83 to 8.83 mm at a point 5 mm below the crest, and from 1.70 to 9.47 mm at a point 10 mm below the crest (Figure 5A). At the tooth 14 site, the bone width was increased from 0.72 to 9.23 mm and from 4.22 to 11.55 mm at points 5 and 10 mm below the crest, respectively (Figure 5B).

DISCUSSION
Various techniques and materials have been used for bone augmentation procedures. It is difficult to choose GBR or Onlay bone blocks in cases of continuous severe horizontal alveolar bone defects. In this case, the remaining alveolar ridge width was < 2 mm at most sites and it seemed that onlay bone graft was the first choice for horizontal bone augmentation according to the decision tree of horizontal bone augmentation[5]. Moreover, bone block is reported to be more effective than GBR in maintaining the volume at the initial stages of healing, and GBR experiences more changes compared with block grafts[2]. However, in the present case, it was difficult to use bone blocks. Firstly, the residual bone of most sites was only 1 mm or less and it was too thin to be used for retention and stabilization of the graft bone bock by titanium screws. Secondly, it was difficult to obtain bone blocks of sufficient size and thickness in the mandibular intercanine region and the external oblique line due to the large area of bone defect, and the patient refused additional surgery outside the oral cavity, such as the fibula or the ilium, and he refused to use any allogenic bone. Finally, GBR might have been a good alternative choice, and an average of approximately 10 mm horizontal bone was gained by GBR to fix the absorbable collagen membranes and particulate grafts with PDMS and four corner pins after 10 mo of healing.
Bone augmentation surgery was performed 3 wk after tooth extraction and the soft tissue was healing at that time. More recently, clinicians have preferred to use non-form-stable collagen membranes to reconstruct severely thin ridges instead of titanium mesh or Poly Tetra Fluoro Ethylene membrane which is a more sensitive technique, with poor angiogenesis, higher rate of soft tissue dehiscence and difficulty in secondary removal[10,23]. Moreover, significant scar tissue was found in the area of the bone defect and the soft tissue was a thin gingival biological type, therefore absorbable collagen membrane was selected for GBR. 
For severe horizontal bone defect, the key factor for successful GBR is to fix the graft material and membranes at the desired position, reduce the movement, and maintain the spatial shape[24]. The stability of the bone substitute and collagen membrane can be enhanced by the application of fixation pins or by the use of block bone substitute instead of particulate bone substitute[25]. The sausage technique using a membrane fixed with titanium pins to stabilize the particle grafts has been reported[18]; however, several potential risks have been documented such as damage to the adjacent roots and underlying anatomical vital structures, and the need for an extensive reopening procedure to retrieve the nonabsorbable pins[20]. The PVMS technique may be preferable to fix the absorbable collagen membrane and particulate graft materials for single implant sites. However, a limitation to this technique is the tensile strength of the absorbable suture material, and possible migration of the particulate graft material in an apicocoronal direction[13], it is only possible to fix the membrane by means of a linear-guided suture, resulting in possible migration of the particulate graft material in an apicocoronal direction. Thus, for continuous severe horizontal bone defect, the use of pins is still recommended because PVMS may not provide sufficient graft stabilization. So far, the relationship between the new bone regeneration and the various fixation methods used is still unknown, and future research is needed to establish the optimal fixation method for adequate bone regeneration[26]. 
In the present case, the stability of the graft and membrane seemed unable to be provided only by the PDMS technique, thus, the use of four corner pins was still mandatory. Firstly, the four corner pins can limit the possible movement of the membrane and the particulate graft material in the apicocoronal direction. Secondly, the four corner pins might compensate the gradually decreasing strength of the suture due to degradation and absorption. According to the manufacturer, the tensile strength of the VICRYL suture is approximately 75% of its original strength after 14 d and approximately 25% after 28 d in vivo. All of the original tensile strength is lost by 5 wk after implantation. Absorption of the suture is essentially complete between 56 and 70 d. In contrast, the Bio-Gide membrane showed obvious tissue integration at 2 wk postimplantation, and almost complete degradation at week 4[27]. Membrane thickness decreased significantly at week 4, and at week 12, the Bio-Gide was almost absorbed and there was a significant increase in mean bone formation[28]. However, it should be kept in mind that the membrane absorption time might not be the most important, and angiogenesis of the membrane plays a crucial role in GBR[29]. The prolonged biodegradation of the membranes might be associated with decreased tissue integration, vascularization and foreign body reactions[27]. The stability of the graft and membrane, as well as vascularization of the membrane, are crucial to the success of GBR, especially in the early stage of bone regeneration. So far there is no evidence for the time required for membrane fixation, and whether the biodegradation period of the absorbable suture material affects the result of GBR is still unknown.
Titanium pins and sutures can be combined effectively and flexibly. Compared with the sausage technique using pins only, multiple pins are required, which is costly, and it is difficult to operate the pins on the lingual or palatal side, and sometimes it is also difficult to avoid hazardous sites and damage to adjacent roots during insertion. Reducing the number of titanium pins can reduce the risk of complications and the difficulty of surgery. This combined technique is flexible and is very useful in clinical practice.

CONCLUSION
For continuous severe horizontal bone defect, PDMS combined with four corner pins may provide an alternative to traditional methods to obtain better bone regeneration, and is a feasible technique to maintain the space and stabilize the graft and membranes in severe horizontal bone defect. Nevertheless, well-designed future clinical studies are needed to verify that the technique described here generates comparable and reproducible results. 
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Figure Legends
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Figure 1 Oral examination of the patient at initial visit, after tooth extraction and before bone grafting. A: Initial situation of the edentulous site in maxillary anterior; B: Extraction of teeth 53 and 14; C: Three weeks after teeth extraction and before bone augmentation surgery.
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Figure 2 Bone volume at the defect area before bone grafting. A: Cone beam computed tomography (CBCT) before bone augmentation surgery 5 and 10 mm below the alveolar crest at the site of missing tooth 12; B: CBCT before bone augmentation surgery 5 and 10 mm below the alveolar crest at the site of missing tooth 14.
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Figure 3 Procedure of bone grafting. A: Decortication holes were prepared at the recipient area; B: Bone graft material was placed; C: Make sure the soft tissue could be primary closed without tension; D: The resorbable membranes and bone grafts were fixed using periosteal diagonal mattress sutures and four corner pins. 
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Figure 4 Fixation of the membrane using periosteal diagonal mattress suture and four corner pins. 
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Figure 5 Cone beam computed tomography superimposed images before bone grafting and after implantation. A: At site of implant 12. The yellow line represented the alveolar ridge before bone grafting. The bone width was increased from 1.83 to 8.83 mm at a point 5 mm below the crest, and from 1.70 to 9.47 mm at a point 10 mm below the crest; B: At site of implant 14. The yellow line represented the alveolar ridge before bone grafting. The bone width was increased from 0.72 to 9.23 mm at a point 5 mm below the crest, and from 4.22 to 11.55 mm at a point 10 mm below the crest.
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