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Abstract

:

Background and objectives: Preservation of alveolar ridge contour following tooth extraction is important to allow for restoration with prosthetics and implants. Socket seal surgery was introduced more than two decades ago for preservation of the form, volume and bone quality of the postextraction ridge. The aim of this retrospective study was to assess the changes in alveolar ridge contour following socket seal surgery and to evaluate the survival of the soft tissue grafts sealing the extraction site. Materials and Methods: Digital images of the extraction sites treated with the socket seal surgery were obtained immediately after extraction and after a healing time of 6 months to measure the changes in the alveolar width. In addition, the sites were photographed 1 week postsurgery to evaluate the vitality of the soft tissue grafts. Results: The overall mean loss of buccal width following socket seal surgery was 5.3% (SD = 13.4%). The mean change in width at the incisor area (1.5% ± 13.1) was significantly lesser than those in the canine area (−17.0% ± 2.1, p < 0.01) or premolar area (−10.5% ± 11.2, p < 0.01). One-week post-surgery 69% of the grafts were vital, and 31% were partially vital. Complete necrosis of the grafts did not occur. Conclusions: Our results suggest that socket seal surgery has a beneficial effect on alveolar dimensional changes 6 months following tooth extraction and that the teeth that benefit mostly from socket seal surgery are incisors.
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1. Introduction


Tooth extraction is usually followed by significant dimensional changes of the alveolar ridge contour [1,2,3,4,5]. Resorption of the alveolar bone following tooth extraction and consequent invagination of the mucosa affect mainly the buccal aspect of the residual alveolar ridge [6,7]. The mean resorption in the height and width of the alveolar ridge may reach approximately 50% and occurs predominantly within the first 3–6 months [3,8].



Postextraction ridge deformation, especially in the anterior region of the maxilla, may cause functional, phonetic, and aesthetic problems. It is therefore of great importance to minimize negative soft and hard tissue changes after tooth removal to preserve the natural tissue contours, for which diverse soft and hard tissue procedures have been developed [9,10].



Different treatment modalities have been proposed to prevent postextraction ridge deformation and reduce the need for additional ridge augmentation procedures. These include Guided Bone Regeneration (GBR) techniques [11,12], grafting bone-substitute materials [13,14], overbuilding of the facial bony wall [15], immediate implant placement [16], the use of platelet concentrate [17], partial extraction protocols [18] and forced orthodontic extraction [19]. Most of the methods proposed to prevent postextraction ridge deformation were primarily aimed at preserving bone tissue [20]. However, techniques to achieve primary soft tissue wound closure have also been developed, mainly related to immediate implant placement, such as coronally repositioned flap [21] and rotated palatal flap [22].



It is still not clear which of the proposed materials for socket preservation are the most suitable: autogenous [23], allogenic [24,25] or alloplastic [26]. Moreover, the relative importance of bone grafts, membrane or soft tissue graft in the success of socket preservation still needs to be determined [27]. Other important factors influencing the choice of a grafting material include cost-effectiveness, as well as the influence of the biomaterial on the final implant outcomes [28].



Socket seal surgery (SSS), a simplified, minimally invasive regenerative approach, was introduced more than two decades ago as a tool for optimizing the preservation of the hard and soft tissue components of the alveolar ridge immediately following tooth extraction [29]. This approach involves the placement of free gingival graft to cover the augmented alveolar socket and may be suitable for immediate or delayed implant placement, as well as for the achievement of an esthetically pleasing pontic site [29,30].



It was proposed that stabilizing the soft tissue architecture with SSS minimizes soft tissue shrinkage [31]. Studies in dogs demonstrated that placing a deproteinized bovine bone material (DBBM) into the extraction socket and sealing the socket with a free gingival graft was beneficial in limiting the volumetric shrinkage [20,32]. However, due to the limited blood supply there is a risk of incomplete wound healing and necrosis of the soft tissue graft [33].



A retrospective study in humans demonstrated that SSS is effective in minimizing the loss of soft tissue and alveolar bone after tooth removal [34], however, another study showed that the extraction itself induced alveolar bone resorption regardless of whether the socket was treated with a free gingival graft [35].



In general, there are limited available data in the dental literature on residual alveolar ridge volume changes after tooth extraction using the SSS technique. Therefore, the aim of this study was to examine if the negative postextraction alveolar ridge contour changes in the buccal aspect could be reduced or prevented by using SSS and to evaluate the survival of the free autogenous soft tissue grafts sealing the extraction sites.




2. Materials and Methods


Although this is a retrospective study, its design was approved by the Institutional Ethics Committee of Tel Aviv University (IEC No. 0001834-1). Data from SSS cases treated by one clinician (CL) between January 2010 and December 2019 were retrospectively collected and analyzed.



2.1. Case Selection


Patients were included in the study if they had a comprehensive medical and dental history. Sockets prepared either for a delayed implant placement or as a pontic site were included in the study if they met the following inclusion criteria: The bony walls of the extraction socket were intact, the socket was filled with particulate deproteinized bovine bone mineral (DBBM) and covered with a soft tissue graft. All included cases contained records required for analysis.



Exclusion criteria consisted of smoking and a history of diabetes, chemotherapy, radiation therapy or bisphosphonate treatment. Patients suffering from periodontal disease were also excluded from this study.




2.2. Photographic Documentation


Images of the SSS sites were obtained by standardized photography with a DSLR camera. The camera was positioned perpendicular to the occlusal/incisal surface of the teeth adjacent to the extraction site. All the pictures were taken by the same operator (CL). Only photographs with near ideal ortho-radial positioning were included in the study. This explains the relatively limited number of cases (36) included in the study, reflecting the scarcity of perfectly photographed clinical cases. The pictures were taken immediately after extraction (T0), 1week post-surgery (T1) and after 6 months of healing (T6).




2.3. Surgical Technique


The failing tooth was removed from the socket as gently as possible, avoiding pressure on the bony walls or surrounding soft tissue, without flap elevation. The bony socket walls were curetted thoroughly to remove all granulation tissue. The gingival socket walls were de-epithelialized with a round bur in their inner aspect and the particulate deproteinized bovine bone mineral (Bio-Oss, Geistlich Biomaterials, Wolhusen, Switzerland) was placed into the socket until it reached the coronal bony margins of the socket. A free gingival graft of 2- to 3-mm thickness was harvested from masticatory mucosa palatal to the second premolar, and a hemostatic collagen agent was placed at the donor site and attached to it with mattress sutures. The soft tissue graft was placed on top of the particulate bone graft and was stabilized by simple interrupted sutures to the extraction socket soft tissue margins. At 1-week post-surgery, sutures were removed and the sites were gently cleaned with gauze soaked in saline solution.




2.4. Measurements of the Alveolar Ridge Contour Changes


T0 images (taken immediately after extraction) and T6 images (taken after 6 months of healing) were imported into the PowerPoint software (Microsoft corp., Redmond, Washington, WA, USA). A rectangle, the width of which corresponds to the edentulous gap, was superimposed on the T0 photograph, which was rotated until the rectangle was perpendicular to a line connecting the mid bucco-lingual point on the 2 neighboring teeth (Figure 1a). The upper border of the rectangle was moved to correspond to the most buccal edge of the extraction site. The vertical/horizontal ratio of the rectangle was registered so that the buccal dimension of the extraction site was defined as percent of the gap between the neighboring teeth. The rectangle was copied onto the T6 photograph, which was adapted to it while keeping the vertical-to-horizontal proportions intact and the same procedure was repeated (Figure 1b). With this technique, the dimensions of the 2 photographs were equalized before measurements were made. Notably, the measurements reflected only the outer contour of the alveolar socket, without separating the bony and soft tissue components. The buccal width of the site of the T6 photograph was multiplied by 100 and divided by that of the T0 photograph. Consequently, a value greater than 100 means that the site gained buccal width at 6 months and a value less than 100 means that its buccal dimensions diminished.




2.5. Soft Tissue Contour Analysis at 6 Months


The status of the soft tissues of the treated site was assessed by visual inspection of the T6 photographs. Any concavities in the crestal area were considered as invaginations [36].




2.6. Evaluation of the Soft Tissue Grafts at 1 week


The status of the soft tissue grafts was assessed by visual inspection of the T1 photographs and was divided into 3 groups:




	Group 1.

	
Vital: reddish tissue color indicating the graft has integration of blood supply (Figure 2a).




	Group 2.

	
Partially vital: part of the graft presented signs of vitality (as mentioned above) and another part showed signs of necrosis, i.e., amorphous white material (Figure 2b).




	Group 3.

	
Necrotic: the graft was exfoliating or had a yellow-grayish color indicating lack of blood supply.










2.7. Statistical Analysis


The effect of the tooth location on the T6/T0 ratio (%) was tested with one-way ANOVA, followed by post-hoc inter-group comparisons using the LSD correction. The distribution of invaginations among locations was analyzed with the Chi-square test. Analyses were conducted with the SPSS software and a value of p < 0.05 was considered significant.





3. Results


A total of 36 cases were included in the study. All the teeth were located in the maxilla, 14 of them were premolars, 18 incisors and 4 canines (Table 1). Of the 36 cases examined, 6 served as pontic site and 30 cases were sites for future implant placement.



3.1. Postextraction Ridge Width Alterations at 6 Months


The final ridge width varied from 74% to 121% of the original value. Although considerable inter-site variation was seen in the degree of ridge width alterations, the overall mean loss of width was 5.3% (SD = 13.4%) (Table 1). Site location had a significant effect on socket width change (p < 0.005). Incisor sites did not lose width (1.5% ± 13.1 change), while loss of width was present in the canine area (17.0% ± 2.1, p < 0.01 vs. incisors) and premolar area (10.5% ± 11.2, p < 0.01 vs. incisors).




3.2. Assessment of Soft Tissue Contour at 6 Months


At 6 months postextraction, an invagination of the alveolar ridge was recorded in 5 (14%) of all cases examined (Table 2). The differences in distribution of the invaginations among the different sites did not reach statistical significance.




3.3. Evaluation of the Soft Tissue Grafts at 1 Week


One-week post-surgery, 25 grafts (69%) were vital, and 11 (31%) were partially vital. Complete necrosis of the grafts did not occur in any of the described cases. No correlation was found between partial necrosis of the socket seal and occurrence of invagination.





4. Discussion


Numerous studies have examined the spontaneous post-extraction healing of alveolar bone [1,2,3,4,5]. According to these studies, the resorption of the ridge is more pronounced in the buccal aspect of the socket than in its lingual aspect [2,4]. Therefore, this retrospective analysis focused on the dimensional changes of the buccal aspect of the healing sockets. In this study, the average loss of buccal width at 6 months postextraction was about 5%. However, different areas showed different magnitudes of change in buccal dimensions. Incisor sites treated with SSS did not lose any buccal width, while the loss of width amounted to about 10% at the premolar sites and around 17% at canine sites. The results of the present study should be firstly compared with a healing process without external influences, i.e., untreated extraction alveoli. When the natural course of healing was monitored, an overall reduction in width of the ridge ranges from 25% after 6 months for incisors [37] to 50% in premolars and molars [3]. Moreover, ridge alterations in the esthetic zone may be more pronounced in thin-walled phenotypes [38]. We found an overall mean reduction of 5% in buccal width when SSS was applied, suggesting this technique has a beneficial effect on the dimensional changes 6 months following tooth extraction. This may be explained by: a. presence of bone graft material in the healing socket; b. superior stabilization of soft tissue margins of the socket at the initial healing phase and prevention of the soft tissue collapse; and c. efficient containment and protection of the bone graft particles resulting in minimal volumetric changes, minimizing the need for further soft and hard tissue augmentation procedures. Our results also suggest that the teeth that gain most from SSS are incisors.



The slighter reduction in width of the ridge after extraction of incisors may be attributed to the lower buccolingual diameter and cross sectional area of the root of incisors close to alveolar crest compared to canines, pre-molars and molars [39]. Thus the total area and the buccolingual diameter of the post-extraction alveolar socket orifice is lesser in the incisors compared to other types of teeth and the reduction in width of the ridge is less pronounced.



Many clinicians have used immediate implant placement as a technique for alveolar ridge preservation [16,40,41]. While immediate implant placement reduces the number of surgeries and saves time, it fails to prevent the horizontal and vertical ridge alterations that follow tooth extraction [8,42]. This may cause soft tissue recessions and should not be recommended when aesthetics are important [43]. Immediate implant placement should also be avoided at extraction sites in which achievement of primary implant stability requires positioning of the implant in a prosthetically incorrect position [44]. In such cases, SSS may be strongly considered.



According to a recent systematic review [45], xenografts are the most suitable grafting material for ridge preservation and prevention of alveolar bone resorption, when compared to allografts or alloplastic materials or to natural healing. However, these materials have also disadvantages, such as poor vascularization and long-term residual non-vital particles [46]. New biologically active materials have been developed to overcome the disadvantages of conventional bone substitutes, such as leukocyte-platelet-rich fibrin (L-PRF) and Platelet-rich fibrin (PRF) [47]. However, recent findings [48,49] have suggested that PRF may not significantly enhance bone formation after tooth extraction, as compared to spontaneous healing.



Tal et al. reported that 26% of SSS-covering grafts were non-vital one week post-surgery [33]. In the present study, no complete necrosis of the transplanted graft was observed. These results are in agreement with other studies [31,50]. Vital grafts may result in superior stabilization of soft tissue margins of the socket and efficient containment and protection of the bone graft particles, which may result in minimal volumetric changes in the long term, minimizing the need for further soft and hard tissue augmentation procedures.



Furthermore, while approximately 90% of spontaneously healing postextraction sockets present invaginations in the crestal area [36], we found invaginations only in 14% of the SSS cases, mostly in the premolar region.



The limitations of this study include the relatively small number of cases available to us for this analysis and the inability of clinical photographs to separate the changes in the alveolar bone from those in the overlying mucosa. Although only photographs with near ideal ortho-radial positioning were included in the study, unavoidably the angulation of the T0/T6 photographs may be slightly different, which may result in some inaccuracy in the absolute measurements but not in the comparison among different sites. Nevertheless, clinical photography is a simple and non-invasive technique which enables easy and straightforward clinical evaluation of the different socket preservation treatment modalities in the eyes of the clinician and patient. Other, more sophisticated techniques, like computed tomography or sounding and histological evaluation are necessary for comprehensive assessment of the efficiency of the particular therapeutic modality while addressing bone and mucosa separately.



Within the limitations of this retrospective study, socket seal surgery seems effective in minimizing the postextraction dimensional changes of the alveolar ridge contour in maxillary teeth, with a more pronounced effect at incisor sites. Additional studies comparing SSS to other ridge preservation techniques are needed to confirm the results observed in the current study.




5. Conclusions


This study found that using Socket Seal Surgery in maxillary extraction sites decreased significantly the loss of buccal alveolar width after tooth removal, with a most prominent effect in incisors, possibly due to the lesser overall reduction in width of the ridge after extraction compared to other teeth.
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Figure 1. T0 (a) and T6 (b) images with a superimposed vertical rectangle which borders the most buccal edge of the edentulous gap. 
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Figure 2. T1 images: A vital (a) and a partially vital graft (b). 
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Table 1. Mean and SD of changes in the alveolar width in the different treated sites.
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	Location
	Number
	Mean T6 Width/T0 Width (%)
	Mean Change in Width (%)
	SD





	Incisors
	18
	101.5
	1.5
	13.1



	Canines
	4
	83.0
	−17.0
	2.1



	Premolars
	14
	89.5
	−10.5
	11.2



	Total
	36
	94.7
	−5.3
	13.4
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Table 2. Distribution of invaginations by site.
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	Invaginations





	Incisors
	1 (5.5%)



	Canines
	0 (0%)



	Premolars
	4 (28.5%)



	Total
	5 (13.9%)
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