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Introduction
Osseointegration in its early days was considered to be an exceptional event. This implied that both the clinician's and patients’ expectations were rather low and the restoration of function was the primary goal. However, the situation nowadays is different. Advancements both in the clinical and in the scientific field have led to a rise in the expectations and the definition of success is gradually drifting toward a situation of perfect esthetic and functional mimicking of the natural dentition.
Because of its expected influence on the state of the soft tissues, the buccal bone plate has been the subject of different investigations. Several authors have suggested that the buccal plate facing a dental implant should have a minimal thickness of 1 mm (Belser et al. 2008), while others have recommended a minimal thickness of 2 mm (Spray et al. 2000; Buser et al. 2004; Grunder et al. 2005). These claims have, however, remained undocumented, and most recommendations have been based on experts’ opinion rather than on solid scientific data. One widely referred study (Spray et al. 2000) has tried to investigate the influence of initial buccal bone thickness on bone resorption. While its number of included patients is impressive (above 2600 subjects), the deductive analyses and the conclusions raised some questions. A critical review on the importance of buccal bone thickness can be found in two systematic reviews (Teughels et al. 2009; Merheb et al. 2014). Other studies with more strict protocols unfortunately only report on observations that did not extend beyond the stage of abutment placement, when a flap was reflected and direct measurements were possible (Cardaropoli et al. 2006).
The aim of this study was to investigate the influence of initial buccal bone thickness facing an implant at installation on the buccal bone remodeling and bone loss up to 12 months after implant loading. This study also aimed to investigate the influence of some aspects of the surgical protocol on this buccal bone remodeling.
Material and methods
This study was conducted at the Department of Periodontology of the University Hospitals of the Katholieke Universiteit Leuven (Leuven, Belgium). After approval of the study protocol by the University's ethical committee, 33 subjects (64 implants) were recruited among patients consulting the hospital seeking treatment by means of dental implants. The study was carefully explained to the patients, and their informed consent was taken. To be included in the study, patients needed to be generally healthy, refrain from heavy smoking (<10 cigarettes/day), have no contraindications for implant placement and have the clinical indication for bilateral placement of implants in either the maxillary or mandibular anterior region (premolar to premolar). Patients were excluded from the study if the clinical and radiological examination indicated that additional guided bone regeneration (GBR) or other grafting procedures were indicated. Additional inclusion and exclusion criteria can be found in Table 1. In each patient, one or two implants (in different quadrants) were selected.
The patients were randomly assigned (random draw) to either:
•‘F0’: The ‘flapless’ group where implants were placed without raising a muco-periostal flap, with the help of a mucosa or tooth supported surgical guide. Healing abutments were placed during the same intervention. (n = 8 patients, 16 implants).
•An ‘open-flap’ group where implants were placed in conjunction with raising a muco-periostal flap along the vestibular plate (n = 16 patients, 31 implants). The ‘open-flap’ group was further divided into 
‘F1’: The ‘open-flap, one-stage’ group where healing abutments were placed in the same intervention as the implants (n = 10 patients, 19 implants).
 ‘F2’: The ‘open-flap, two-stage’ group where healing abutments were placed during a second surgery, after osseointegration had taken place (6 months). This group included the implants which showed a lack of primary stability and where it was considered safer to allow a submerged healing of the implants (n = 6 patients, 12 implants).

Description of measurement device
A mechanical device was manufactured (Lab UNI-DENT & Elysée Dental, Leuven, Belgium) to allow the measurement of bone thickness without reflection of a mucosal flap. The measuring device is composed of an L-shaped metallic structure soldered to a metallic abutment specific for the implant system (ASTRA TECH Implant System, DENTSPLY Implants). The rectangular part of the measuring device had four cylindrical sleeves at levels corresponding to the implant shoulder and at 2, 4 and 6 mm more apically. The sleeves were just large enough in diameter to allow the introduction of a blunt needle (diameter: 0.6 mm, length 25 mm) without any lateral movement (Fig. 1).
Each of the included subjects received two to six implants bilaterally in either the maxilla or the mandible (ASTRA TECH Implant System, DENTSPLY Implants). The implants were placed according to the standard manufacturer's guidelines, using either mental navigation or a stereolithographic surgical guide. In every subject, two implants (the most anterior implant of each quadrant) were selected for evaluation. In one subject, only one implant was selected because guided bone regeneration was unexpectedly needed on the other. After implant placement, the measuring device was screwed on top of the implant and the measurements (at each of the four previously described levels) were performed in duplicate. The distances from the endodontic stopper to the top of the needle were measured using an electronic caliper. This measure was then subtracted from the known, previously measured, distance to the implant surface. The difference of the two measures corresponded to the buccal bone thickness (Fig. 1). For the first eight patients in whom flap surgery was performed, measurements were also performed after replacing the flap, to assess the influence of soft tissues interposition on the accuracy of the measurements. After a period of osseointegration of 6 months (in all three groups), the patients received the final prosthetic rehabilitation. Measurements were repeated 12 months after rehabilitation.
Statistical analysis
Descriptive statistics were calculated on an implant level. A regression line between buccal bone thickness at different times was calculated, and its intercept and slope were compared with the 45° line. Intercepts and slopes where also compared between the different surgical protocols (groups: F0, F1 and F2). Dependence between data was modeled by integrating the patient as random factor in the model.
In addition, a linear mixed model with the patient as random factor was fit to compare the bone loss over time between initial bone thickness groups (≥1 mm or <1 mm) and between the different surgical protocols (groups F0, F1 and F2). P-values were corrected for simultaneous hypothesis testing according to Sidak. Residual analysis of the linear mixed model showed no deviations from normality. A P-value below 0.05 was considered to be significant.
Finally, a post hoc analysis was performed to determine the number of implants that this study would have needed to include in order to detect a significant difference.
Results
Accuracy of measurements and influence of flap interposition
For the first eight patients in whom a flap was raised, buccal bone measurements were made both while the buccal muco-periostal flap was reflected and after it was replaced and sutured. This allowed the assessment of the influence of soft tissues interposition on the accuracy of the measurements. On average, the absolute difference between the respective measurements was 0.08 mm (SD = 0.06, range [0.01; 0.18]) and did not reach significance (P = 0.20).
Initial bone dimensions
The empirical cumulative distribution of initial buccal bone thickness at the implant shoulder level showed that 56.7% of all implants investigated had a buccal bone thickness less than 1 mm and 88.3% of all implants had a buccal bone thickness less than 2 mm (Table 2).
The average initial buccal bone thickness at implant placement was the lowest at the implant shoulder level (1.1 mm) and became larger at more apical levels. No differences in the distribution of the initial buccal bone dimensions were found between the different subgroups (Table 3).
Buccal bone resorption up to 12 months after implant loading
Twelve months after implant loading, 70.2% of the implants showed a buccal bone thickness of less than 1 mm and 93.6% of the implants had a buccal bone thickness of less than 2 mm at the implant shoulder (Table 2).


If all implants groups were considered (F0, F1 and F2, n = 47), on average the buccal bone thickness decreased with 0.31 mm between implant placement and the 12-month postloading follow-up (Table 3).
In the ‘open-flap, two-stage’ group (F2, n = 12), on average and over the four measurement levels, the buccal bone thickness decreased 0.29 mm between implant insertion and abutment placement and of 0.37 mm between insertion and the 12-month postloading follow-up (Table 3).
A minimal decrease of 0.08 mm was recorded at implant shoulder level between abutment placement and the 12-month postloading stage (group F2, n = 12).
A comparison of the change in buccal bone thickness over 12 months, at shoulder level, showed no significant difference between the initially thin (<1 mm at implant shoulder) and thick (>1 mm at implant shoulder) buccal bone plates (P > 0.05), except for group ‘F1’ between the moments of insertion and the 1-year follow-up (Table 4). Post hoc analyses revealed that in order for the differences to reach significance with a reasonable chance, in between 96 implants (F0, Insertion – 1Y) and 17,202 implants (F2, Insertion – 1Y) should have been included.
A comparison of the change in buccal bone thickness over 12 months showed no difference in the resorption extent between the one-stage (F1) and two-stage (F2), open-flap groups (P = 0.23). However, less resorption was observed (Insertion – 1Y) when no flap was raised (F0) compared to when the flap was raised once (F1) (P = 0.03) or twice (P = 0.02). Post hoc analyses revealed that in order for the difference between groups F1 and F2 be significant with a reasonable chance (less for F1) 280 implants should have been included.
At the 12-month follow-up, in the initially thin plate group, two implants showed an absence of buccal bone at the shoulder level. At the subsequent levels (2, 4, 6 mm), all the implants showed the presence of a buccal bone plate. In the initially thick group, one implant showed the absence of bone at the shoulder level and at the 2- and 4-mm levels. Those differences were found to be nonsignificant (P > 0.05).
Discussion
Various authors have claimed that an initial buccal bone thickness of 2 mm is necessary for the preservation of the buccal bone plate. It was hypothesized that a thin buccal plate is less resistant to the different types of trauma an implant can endure and would therefore be more prone to resorption and buccal implant exposition. In consequence, this exposition could lead to a higher rate of complications and failures. In a case series followed up to 10 years, Buser et al. (2013) showed that implants placed with a concomitant GBR to recreate a thick bone plate, achieved a high dimensional stability over a long period of time. The current study followed 24 patients over a period of 1.5–2 years, of which the end point was 12 months after placement of the definitive prosthetic reconstruction. The results show a relative dimensional stability even for initially thin (<1 mm) buccal plates. It also showed that the major part of the bone resorption takes place during the initial healing phase. Scatter plots between the abutment placement phase and the 12-month follow-up stage show that buccal bone thickness remains roughly constant, suggesting that most of the bone remodeling occurs in the initial 4 months healing phase and that buccal bone stabilized thereafter (Fig. 2). The measurements made between the implant insertion and the 12-month postloading follow-up show a dimensional stability of the buccal plate.
There seems to be no difference in buccal bone resorption between the thick and the thin buccal plates except for the open-flap, one-stage group (F1). This particularity could possibly be attributed to the rather limited sample size. It is, however, noteworthy that thin buccal plates lost in absolute values more bone that thick buccal plates. This difference, however, did not reach significance.
A significant difference in amount of resorption is detected between the flapless and open-flap procedures. These results are in accordance with the results of fundamental studies (Wilderman 1967) which conclude that flap elevation lead to a bone resorption from the surgical trauma of up to 0.4 mm. However, our study did not find a significant difference in the amount of resorption if the flap was raised once or twice (groups F1 vs. F2). This observation suggests that buccal bone resorption might be more of a consequence of the remodeling process following implant placement and general trauma (drilling, lateral pressure, presence of a foreign body) inflicted during implant placement surgery and which could affect bone resorption over the whole ridge. This hypothesis is in accordance with the observations made after tooth extraction and which indicate a total volumetric change of the alveolar ridge even though no flap is raised (Araujo & Lindhe 2005). The discrepancy between the two above-mentioned results might suggest that little to no remodeling happens in a second phase after initial bone remodeling has taken place following implant placement and/or flap elevation. Nevertheless, these results are to be interpreted with much caution because the limited size of group ‘F2’ (n = 12) might increase the probability for a statistical error and be the real explanation of the observed discrepancy.
Computerized tomography has demonstrated that in the incisor region, the buccal bone plate around a tooth was thinner than 1 mm in 86% of the cases (El Nahass & Naiem 2015). Most such cases would lead to a GBR simultaneously to implant placement. Guided bone regeneration is a predictable intervention. It, however, implies higher costs for the patient, higher postoperative discomfort and swelling (Urban & Wenzel 2010), a higher complication rate (Bazrafshan & Darby 2014) and a slightly higher failure rate (Chiapasco & Zaniboni 2009). Long-term dimensional stability of thin buccal plates might allow avoiding some of the GBR procedures leading to a simplified treatment. Even though this study seems to indicate that implants with a thin buccal bone do not lose more bone than implants surrounded by a thick buccal bone plate, it should not be forgotten that in both cases, bone resorption still occurs. One can deduce that a moderate bone resorption of a razor sharp buccal plate might more easily induce bony dehiscences and potentially esthetical impairments than a bony resorption of the same extent of a thick buccal plate. Therefore, it is important to note that the present study is not advocating the placement of implants in very thin bone without concomitant bone regeneration but rather questions the need for extremely thick bony plates around dental implants and its esthetical impact. In this study, the cutoff value was set at 1 mm. To better address the question of whether a 2-mm buccal bone plate was necessary or not, this cutoff value would have better been set at 2 mm. However, the very limited number of buccal bone plates which were initially >2 mm (11.7%) rendered this analysis irrelevant as its results would have been very questionable from a statistical perspective.


The present study used physical measurements and calipers to evaluate plate thickness and thickness changes. This method might suffer from slight imprecisions which could intervene at the moment of intra-oral direct measurement or at the moment of extra-oral caliper measurement. Additionally, measurements could have been flawed by intra-observer and interobserver variability. Part of these imprecisions has been handled by double measurement at each site, but interobserver variability was not addressed. The presence of soft tissues might also have had an impact on the precision of the measurements. However, measurements performed on eight patients after flap elevation and then after the flap was replaced showed an absolute discrepancy of 0.08 ± 0.06 mm, which was considered acceptable by the authors of this study. The design of the device allowed measurements to be performed at the implant shoulder and also 2, 4 and 6 mm apically of the shoulder. Even though measurements at all levels were performed, the measurements at 6 mm were excluded from later calculations as the operators found that the interference of the buccal vestibulum and anatomical structures, such as the lip, might have flawed the precision of the measurements. Additionally, in the present study, only ASTRA TECH implants with an Osseospeed surface were used. This implant has a moderately rough, fluoride-modified surface. A fluoride-modified surface has been demonstrated to enhance bone retention and bone preservation (Ellingsen et al. 2004; Berglundh et al. 2007) through the enhancement of trabecular bone density and the promotion of collagen inclusion in the bony matrix (Shteyer et al. 1977; McCormack et al. 1993). It is not known whether similar results with thin buccal plates would be achieved with other available surfaces. It should also be noted that the different groups show unequal size. This is due to the rather limited sample size. This discrepancy is, however, purely cosmetic and does not affect the validity of the randomization process (Schulz & Grimes 2002).
The current results advocate a simplification of the implant treatment by suggesting a more stringent selection of the cases requiring a bone augmentation. However, for such results to be confirmed, further investigations should be conducted on a larger pool of subjects with a longer follow-up (up to 5 years). Additionally, a systematical measurement of bone thickness levels at the moment of loading (which was not performed in this study) to better understand the chronological pattern of bone resorption should be made. Finally, a recording of the gingival biotype and the amount of keratinized mucosa (Bengazi et al. 2014) which are known to affect the extent of postsurgical bone resorption is advised. It is essential that these factors and possibly others be taken into account in upcoming studies.
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