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Abstract

:

Deproteinised bovine bone (DBB) is widely used as bone substitute in maxillary sinus floor augmentation (MSFA) surgery. No previous studies have shown the long-term volumetric changes in the augmented bone when using DBB. The selected patients had MFSA performed using a lateral window technique and a xenograft, alone or in combination with the patient’s autologous bone from the mandible. Cone beam computed tomography (CBCT) images were used to compare the volumetric changes in the augmented bone for patients over a period of 6 or more years. No significant bone reduction was seen in the augmented bone region when comparing MSFA after 7 months and 6 or more years after dental implantation.
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1. Introduction


Replacement of missing or lost teeth with dental implants is a choice many patients make today. Still, teeth loss in the alveolar processes leads to bone reduction and insufficient bone volume, which can be a factor that negatively affects the outcome of dental implantation. If the vertical bone dimension in the maxilla is reduced, surgeons can opt for a short dental implant, with recent studies confirming this to be a viable solution in the long term [1], or maxillary sinus floor augmentation (MSFA) surgery with a bone substitute [2]. Usually, the bone can be substituted with the patient’s autologous bone, a xenograft bone substitute from deproteinised bovine bone (DBB), synthetic materials, or a combination of these. Yet, a systematic review and meta-analysis by Starch-Jensen et al. and a study by Sakkas et al. both suggest that significant volumetric stability can be obtained by using a xenograft or mixing it with autologous bone when compared with the previous “gold standard”—autologous bone [3,4]. Xenografts are characterised by their significantly good clinical outcomes [5]. For more successful outcomes, surgeons use barrier membranes so soft tissue does not infiltrate the area where bone regeneration should happen. As described in another systematic review, barrier membranes also increase the percentage of newly formed bone and prevent the displacement of grafting material, so using a barrier membrane can directly impact the stability, volume, and structure of the grafted bone. [6]. There are resorbable and non-resorbable membranes that can be used, and each has to be chosen in consideration of the functional requirements of the specific clinical application [7,8].



Cone beam computed tomography (CBCT) is a commonly used radiological modality in the maxillofacial region for bone augmentation, implantation, and other surgical procedures to evaluate the anatomy of bone in all dimensions [9]. CBCT, as with any radiological examination, has limitations that can affect the evaluation of images, like density assessment and artefacts caused by metallic objects, which must be considered when choosing the examination parameters for the patient and inspecting the images acquired [9,10,11].



The scientific value of volumetric stability of MSFA is to show the bone graft behaviour, as it is possible to describe not only the changes in bone height but also its quality and density, which cannot be observed in less advanced imaging modalities. Understanding the behaviour of a bone graft in the long term can help clinicians choose the best augmentation material for the intended application.



The purpose of this retrospective study was to radiologically evaluate the volumetric changes in the augmented bone in the maxilla with a xenograft, or its combination with autologous bone, in the long term using CBCT images. No such studies have been conducted previously, as far as is known by the authors.




2. Materials and Methods


This retrospective radiological study was performed at the Riga Stradins University (RSU) Institute of Stomatology, and all the data acquisition took place between 2015 and 2018. The study was performed following the Declaration of Helsinki (2013 revision) [12], and it was conducted with the approval of the Ethics Committee of RSU (Nr.12/10.09.2015).



2.1. Patient Selection Criteria


Manual patient selection was performed by reviewing the surgery journals between 28 November 2007 and 1 December 2012. All consecutive patients who had dental implantation with bone augmentation were included. Then, the radiological examination database was checked to see if the patients had a CBCT examination performed after the bone augmentation, but before dental implantation. The next inclusion criteria were to check corresponding databases to see if the patient was not deceased and that they are residents of Latvia. The patient’s internal medical record had to be completed with all necessary information about all the surgical procedures (the material used, the procedure approach, dates and details about the implantation). One hundred forty-six patients were invited for a control visit and a CBCT examination. Out of the 146 patients who were invited for a control visit and a CBCT examination, there were 59 responses from whom informed consent was obtained to participate in the study. Patients with bone augmentation in the lower jaw or horizontal ridge augmentation and those with synthetic bone substitutes or allografts and their combinations were excluded from this study. The remaining 14 patients (16 sinuses) with MSFA with xenograft or its combination with autologous bone and who had a CBCT examination with minimal distortion within the augmented bone area were included in the study. No study patients had sinusitis, ostium blockage, hemosinus, or implant displacement; the implants were stable.



All the CBCT scans used for this study were performed with i-CAT (Next Generation, Imaging Science, Hatfield, PA, USA). Images were taken with a voxel size of 0.3 mm using 120 kV, 5 mA, and an exposure time of 4 s.




2.2. Maxillary Sinus Floor Augmentation (MSFA)


Sinus floor augmentation surgeries were indicated for patients for whom the residual bone height before the surgery was 5 mm or less [13]. Unfortunately, there was no information within patient records on whether they were smokers. According to the protocol in the clinic, it is a contraindication for bone augmentation and implant surgery if the patient is a heavy smoker (smoking more than 20 cigarettes per day). The surgeries for the study patients were performed using xenograft granules (BioOss®, Geistlich Pharm AG, Wolhausen, Switzerland) alone or in combination with patients’ autologous bone from the mandible. The surgery was performed using the lateral window technique. None of the study patients had reported health conditions that could have affected bone augmentation or dental implant survival (such as osteoporosis, diabetes, hypothyroidism, or cardiovascular disease). The surgical procedures were performed by several surgeons using the same technique in the same clinic. For some patients, membranes were used, as can be seen in Table 1.




2.3. Evaluation of Volumetric Change


The scans were examined by two examiners (LZD and OR) in agreement with all the assessments, and measurements and consensus results were used for statistical analysis.



First, a voxel-based superimposition using the cranial base as the reference region was performed for each patient. The maxillary region containing the augmented area was excluded from the reference for improved superimposition results. Then, the same volume of interest (VOI) was manually selected in images from both timepoints and subsequently extracted from the superimposed images for further processing.



This was followed by a two-step segmentation process within the VOI to create a representation of the augmented region. Firstly, by thresholding, the lower and upper-value limits (usually within a range of 100–200 grey values for the lower bound and 800–1000 for the upper bound) were set individually for each case to obtain optimal signal-to-noise ratio. The limits were chosen in agreement between the two experts and secondly, by manually correcting the augmented region to remove any artefacts created by the implants and adjusting the surface of the augmented region if necessary. This is visualised in Figure 1. It was assumed that the augmentation material is consistent throughout the reconstructed region. Therefore, to obtain volumetric measurements, any holes within the boundary of the augmented area were filled. The same segmentation process was used for both timepoints.



Once segmentations were created, a Boolean subtraction was performed to create the region indicative of volumetric change. The bone volume at T2 was subtracted from T1, considering the augmented bone region decreases in volume over time.



This region was manually edited to remove any components that did not contribute to the region of interest (ROI). In this study, the ROI was the change in the augmented bone fragment, not the whole maxillary segment. Once finalized, the volumetric value descriptive of the change in volume over time was recorded and named as the true change in bone volume. Figure 1 illustrates the bone changes in the ROI and the true changes in bone volume.



Before this study, both experts were calibrated. The same two experts performed all segmentations and measurements in complete consensus.



We identified the volume measurements in time as T1—the volume of augmented bone after the augmentation surgery and before implantation and the baseline examination—whereas T2 is the volume of augmented bone in the six-year or longer follow-up.




2.4. Statistical Analysis


The assumption of data distribution was assessed using the Shapiro–Wilk test and inspection of the normal Q-Q plots. Bone volume at T1 and T2 was compared using the Wilcoxon rank test. The true volume change without artefacts was compared with bone volume at T1 and T2 using the Mann–Whitney U test. The difference between the bone volume at T1 and T2 was calculated and compared with the true change in volume without artefacts. Also, the Mann–Whitney U test was used to compare bone volume at T1 and T2 and the true change in volume without artefacts between materials (xenograft (BioOss®) and xenograft (BioOss®) combination with autologous bone). The Kruskal–Wallis H test was used to compare bone volume at T1 and T2 and the true change in volume without artefacts between membranes (titanium mesh membrane, BioGide® collagen membrane, and no membrane used). The statistical analyses were performed using the Jamovi program [14]. Differences were considered statistically significant at p < 0.05.





3. Results


The average time between T1 and T2 was 6.6 years (344 weeks). The average age of the patients was median = 50 and IQR 42–56 years at T1 and median = 56.5 and IQR 50–62 years at T2. The study group consisted of thirteen women and seven men. The median time between the MSFA surgery and T1 CBCT was 217 (Q1–Q3 188–286) days or 31 weeks or 7.13 months. Table 1 includes the descriptive statistics of the patients and information about the materials and membranes used.



The difference between the bone volume at T1 and T2 was the bone volume that included the components that did not contribute to the ROI for this study. Table 1 shows the median of true bone changes to be 2% or 230.5 mm3.



No statistically significant differences were found in bone volume at T1 and T2 (p > 0.05). Additionally, there were no statistically significant differences between the bone volume changes at T1 and T2 compared to the true changes in volume without artefacts (p > 0.05). Furthermore, no statistically significant differences were observed in bone volume at T1 and T2 or in the true changes in volume without artefacts between materials (xenograft or xenograft combination with autologous bone) and membranes (no membrane, titanium mesh membrane, and collagen membrane) (p > 0.05). Figure 2 illustrates the difference between the measurements.




4. Discussion


The difference between bone volume at T1 and T2 was positive and negative, which are indicative of bone volume increase or decrease, respectively. This measurement only shows the volume close to the ROI, which in this study, was the actual augmented material area, and it could contain artefact shadows that increased the measured volume next to the augmented bone, nor did it indicate the true volume change. It was used only to visualize the difference and the number of artefacts. Figure 3 shows the comparison of the alveolar process in different timepoints from the same point of view.



In this study, the T1 examination was ordered by the operating surgeon to see the augmented bone after the healing process, which was followed by implantation soon after. Because the average time from MSFA until T1 CBCT was approximately 7 months, relying on other studies, it is possible to speculate about the bone resorption that had happened up to that point. A similar study by Mazzocco et al. also studied bone volume changes in MSFA with xenograft granules in the first 8 months, showing bone reduction of approximately 10% [15]. A systematic review by Shanbhag et al. concluded that synthetic bone substitutes or xenografts, alone or in combination with autogenous bone, showed an average volume decrease by approximately 18–23%, all in shorter-term studies [16]. It is possible to speculate with this data that similar bone reduction must have happened to the patients in the present study group in the earlier postoperative period.



This research only studies bone augmentations using a xenograft or its combination with autologous bone from the mandible. A different group using an alternative augmented material for comparison was not used in this study. In 2011, Jensen et al. in their systematic review, noticed a lack of studies about volumetric changes when a xenograft or its combination with autologous bone was used [5]. However, over the years, research on this topic has improved. A systematic review showed that the volumetric stability of the grafting material following maxillary sinus floor augmentation was significantly improved using a mixture of an autogenous bone graft and a xenograft compared to an autogenous bone graft alone. They state that the degree of volume change might be influenced by the patient’s individual characteristics and the chemical and physical properties of the grafting material itself [3]. Other systematic reviews state that most volume reductions happened during the first years after the MSFA, regardless of the material type or the combinations used [17,18,19]. Similar to the barrier membranes—the clinical outcome might depend more on the surgeons’ skills and expertise rather than on the membrane type used [8]. However, even if the barrier membranes do not directly impact the survival of the implant, they can improve the stability of the grafted bone [6]. So, it is possible that the comparison of different materials is secondary, and more attention should be paid to the patients’ individual parameters and/or to the surgeons’ skills than to the materials used.



Another aspect of the study that was not evaluated was the amount of material used. In a systematic review by Pesce et al., it was concluded that the amount of grafting material used can affect its behaviour, meaning that it is important to avoid excessive hyper-augmentation to obtain the best stability and quality of the augmented bone [20].



There are just a few studies that have researched long-term graft change after MSFA. Hatano et al., in their study, described minimal bone reduction in augmentations with a xenograft in a subsequent 2- to 3-year period back in 2004; however, the measurements were performed using panoramic imaging [21]. There is plenty of high-quality research on the marginal bone level changes in long-term studies [22,23,24,25,26], which is important because it shows the change in bone that is in close contact with the outer environment, but it does not show the changes that the graft itself undergoes. Other studies showed bone volume changes in the long term, but these studies were mostly about autologous bone grafts [27,28,29].



The results obtained showed that using a xenograft on its own or combined with autologous bone led to a very low bone volume change in the long term, which coincides with clinical biopsy results that show slow resorption rates after 6 or more years [30]. Furthermore, it has been shown histologically that bone augmentation using a xenograft leads to vital and mature bone formation in the long term, so it becomes capable of withstanding loading forces. The lack of chronic inflammatory cell infiltration or other adverse effects and excellent implant survival rates have also been shown in other histological studies [31,32]. Clinically, this could mean that if a dental implant has survived the early postoperative period, there is very little chance that there would be any significant changes in the graft itself over a prolonged period of time; therefore, the implant success will solely depend on the external factors, such as the prosthodontic plan and patient’s oral health.



There are also different examination methods that can be used to evaluate the bone structure and mineralisation that show even more detailed information from histological samples, like environmental scanning electron microscopy (ESEM) and energy dispersive X-ray spectroscopy (EDX). Results in shorter-term studies indicate that the bone structure 9 months after augmentation might not yet be ready for the application of loading forces due to bone mineralisation not being complete throughout the augmented area [33]. This could be a very interesting prospect for the future for examining the bone in the long term in a similar way.



The first limitation of the study is the group size, which is smaller than the obtained CBCTs from the initial study. This happened because many examinations showed a large artefact over the ROI, and it was impossible to visualise the bone, so they had to be excluded. Figure 4 illustrates the impact of artefacts in T2 and how the bone looked previously in T1.



This problem could possibly be reduced by increasing the kV during the exposure [34], but this would also lead to an increase in the patients’ received radiation dosage. Using a scanning protocol with higher kV to have reduced artefact impact on the CBCT scan, if not for true diagnostic purposes, would not be ethical [35]. Another limitation is that this study is solely retrospective, and the results included do not show the implant survival or success rates, as this study was conducted only to compare the bone volume changes in the CBCT images.



Many studies on bone volume change in MSFA over the long term have been conducted in the previous decades, and the majority of them are about autologous bone changes. Yet we have not found a radiological study similar to the present research that would visualise and analyse three-dimensional changes over such a long term in which xenograft materials would have been used.




5. Conclusions


Within the limits of this study, xenograft granules used in MSFA are a stable and predictable material. Only very small volume changes can be seen in regions augmented with a xenograft alone or combined with autogenous bone in a 6-year or longer follow-up. Similar comparison in the long term should be researched to compare larger sample sizes and include the data on unsuccessful implantations and implant failures.
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Figure 1. The green area shows all the tissues of augmented bone region together with artefacts and hard tissue components from the maxillary sinus, while the red area shows the true change in bone volume; (a) T1 to