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Abstract

:

Background: Primary stability is an important prognostic factor for dental implant therapy. In the present study, we evaluate the relationship between implant stability evaluation findings by the use of an implant stability quotient (ISQ), an index for primary stability, and a morphological evaluation of bone by preoperative computed tomography (CT). Subjects and methods: We analyzed 98 patients who underwent implant placement surgery in this retrospective study. For all 247 implants, the correlations of the ISQ value with cortical bone thickness, cortical bone CT value, cancellous bone CT value, insertion torque value, implant diameter, and implant length were examined. Results: 1. Factors affecting ISQ values in all cases: It was revealed that there were significant associations between the cortical bone thickness and cancellous bone CT values with ISQ by multiple regression analysis. 2. It was revealed that there was a significant correlation between cortical bone thickness and cancellous bone CT values with ISQ by multiple regression analysis in the upper jaw. 3. It was indicated that there was a significant association between cortical bone thickness and implant diameter with ISQ by multiple regression analysis in the lower jaw. Conclusion: We concluded that analysis of the correlation of the ISQ value with cortical bone thickness and values obtained in preoperative CT imaging were useful preoperative evaluations for obtaining implant stability.
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1. Introduction


Diagnostic imaging used to examine the morphology of bone at a planned dental implant site is very useful for implant therapy. Recently, computed tomography (CT) has become indispensable for preoperative diagnosis and is commonly used to evaluate the morphology and bone mass of the jawbone at an implant site [1]. According to the Guidelines for the Use of Diagnostic Imaging in Implant Dentistry 2008 [2], findings obtained with a multiple detector row CT (MDCT) and a cone-beam CT (CBCT), which have become widespread in dental clinics, are considered valid for preoperative diagnosis. This is because they provide accurate information for morphological evaluations and distance measurements of the jawbone [3,4,5]. A correlation between the CT values of the cancellous bone of the jaw and bone quality at the time of implant surgery has been shown [6,7].



For noninvasive evaluation of the intraosseous stability of a dental implant, the implant stability quotient (ISQ) [8] and Periotest [9] values are helpful for evaluating primary stability. A significant correlation was found between a low ISQ value and irretrievably failed implants [10]. Interestingly, preparing the implant bed with an ultrasonic device before tooth root extraction resulted in an increased ISQ value [11]. For a successful implant therapy, the acquisition of primary stability is an important factor that has a decisive influence on long-term prognosis, and continuing the maintenance of reliable osseointegration contributes to successful implant therapy [12,13,14]. Accordingly, evaluation of primary stability by determining the intraosseous stability of the dental implant is necessary for predicting the clinical course.



The initial ISQ value reflects the stiffness of the implant–bone complex [15,16]. Additionally, it is demonstrated that thicker cortical bone leads to a higher ISQ value [17]. Previous studies have examined the impact of bone structure on implant stability in human subjects [16,18,19], and a correlation between the ISQ and the thickness of cortical bone at the time of surgery has been reported. However, there is no report written about the elucidation of the relationship between implant stability evaluation findings by the use of ISQ, an index for primary stability, and morphological evaluation of bone by a preoperative CT in the upper and the lower jaw separately. Elucidation of the relationship between the implant stability evaluation findings by the use of ISQ, an index for primary stability, and morphological evaluation of bone by a preoperative CT are effective for preoperative determination of conditions related to the acquisition of good implant stability. In the present study, we evaluated the condition of bone at planned implant sites obtained by MDCT, using CT results obtained in examinations of cortical and cancellous bone, as well as cortical bone thickness. Furthermore, clinical examinations were performed to determine the correlation between various factors and ISQ values at the time of placement.




2. Subjects and Methods


A total of 168 patients, who underwent implant placement surgery at the Department of Oral and Maxillofacial Reconstructive Surgery, Hiroshima University Hospital between September 2013 and March 2017, were enrolled in this retrospective study. The following were considered to be inclusion criteria: patients who were ≥20 years old, partially edentulous with adequate alveolar bone volume for implant insertion, good general health without any uncontrolled systemic diseases, and osteoporosis patients were not included among all patients (168 patients). Then we excluded subjects needing bone grafting due to insufficient bone width and height (n = 43), those with poorly controlled diabetes (n = 2), those with contraindications for minor oral surgical procedures (n = 3), and edentulous people (n = 5). An MDCT scan was performed preoperatively to be required for detailed bone analysis by measuring the CT value (17 patients were excluded after the CBCT scan was performed) and ISQ determination was done on placement. Finally, we analyzed 98 patients in this study (Figure 1).



The present cohort consisted of 36 males (92 implants placed, mean age 59.0 ± 13.6 years) and 62 females (155 implants placed, mean age 56.3 ± 16.8 years), for a total of 98 subjects (247 dental implants placed, mean age 57.3 ± 15.7 years). As for implant sites, 154 were placed in the upper jaw and 93 in the lower jaw (Table 1). All implants were inserted more than 4 months after tooth extraction.



Selected dental implants were NobelReplace Tapered (Nobel Biocare, Gothenburg, Sweden). Table 1 shows the implant length and diameter. All the implants were placed using an Osseo setTM 200 (W & H Dentalwerk Bürmoos GmbH, Austria), according to the manufacture’s recommended protocol. Osstell ISQTM (Osstell, Integration Diagnostic AB, GoteborgSvagen, Sweden) was used to measure the implant stability in ISQ, by one expert operator. The study design was approved by the Ethical Committee of Hiroshima University (Permission no. E-1528). Following an explanation regarding the content and purpose of the present study, informed consent was obtained from each patient.



2.1. CT


An Aquilion ONE® (Systems, Otawara, Tochigi, Japan) and an Aquilion Precision® (Systems, Otawara, Tochigi, Japan) were used for the CT examinations. CT scans were mainly acquired with 160 or 320-detector row CT scanners. The stent for the CT, marked with a gutta-percha point (GP) at the planned implant site, was prepared and appropriately attached to the patient. The stent was fixed firmly by tooth support. Additionally, this stent was converted into an orientation guide for implant surgery.




2.2. CT Measuring Method


CT measurements were performed using methods reported by Kumasaka et al. [20] and Fukudome et al. [21]. The thickness of the cortical bone at the implant site was determined based on the thickness of the cortical bone at the alveolar crest of the planned site, marked with a GP. The cortical bone of the alveolar crest at the planned site was measured 3 times, and the mean was calculated (Figure 2). As for the cancellous bone, the mean of the CT values for the 10-mm2 region of interest (ROI) in the cancellous bone at the planned site was calculated (Figure 2). In this study, one investigator evaluated the CT values 3 times. The intrarater reliability of the investigator was evaluated using an intraclass correlation coefficient. An investigator calculated the CT data twice, each in 10 different sites. The calculated value of the intraclass correlation coefficient was 0.85, suggesting that the investigator had excellent reliability according to the criteria for intraclass correlation coefficients [22].




2.3. CT Value Correction


Differences among devices and imaging conditions can affect the CT values obtained; thus, corrections were performed using the formulae shown following [20].



CT measurements at the GP, indicating the planned implant site, were performed 3 times, and the mean was calculated (Figure 2). The CT values for cortical and cancellous bone were converted on the basis of the ratio to the median GP measured in all cases as 3068.83 HU, using the following formulae:


Cortical bone value = Cortical bone CT value × 3068.83/GP



(1)






Cancellous bone value = Cancellous bone CT value × 3068.83/GP



(2)








2.4. ISQ


The ISQ measurements were performed using an Osstell ISQTM in accordance with the method reported by Takechi et al. [23]. A SmartPeg device was attached to the implant body with a wrench at an insertion torque value of 5 Ncm. After setting the tip of the probe vertically to the SmartPeg, the ISQ measurements were performed 3 times at a point 2 mm between the probe and the SmartPeg, and the mean was calculated. The ISQ value is based on the underlying resonance frequency, and ranges from 1 (lowest stability) to 100 (highest stability), with the implant stability increasing as the ISQ value increases. It has been found that the ISQ measurements show a high degree of repeatability (1% variation for individual implants).




2.5. Analysis


For all 247 implants, correlations of the ISQ value with cortical bone thickness, cortical bone CT value, cancellous bone CT value, insertion torque value (ITV), implant diameter, and implant length were examined using Spearman’s rank correlation coefficient. Furthermore, multiple (linear) regression analysis (stepwise selection method) was performed using the ISQ value as the objective variable and factors that showed a significant correlation with the ISQ value as explanatory variables. For all analyses, the statistical level of significance was set at <5%. Based on the difference in anatomical structure morphology between the upper and lower jaws, the present 247 implants were divided into 2 groups, implants of the upper jaw (n = 154) and those of the lower jaw (n = 93). Subsequently, examinations for the association with the ISQ value for both groups were conducted using the same method as used for all of the present dental implants. The sample size required for the correlation using G*Power (version 3.1.9.4, Heinrich-Heine-Universität Düsseldorf, Germany) with a statistical power of 80%, a significance level of 5%, and an effect size of 0.3 was calculated to be 82.





3. Results


3.1. Factors Affecting ISQ Values in All Cases


Factors that showed a significant correlation with the ISQ value were cortical bone thickness (correlation r = 0.807, p < 0.001), cortical bone CT value (r = 0.163, p < 0.05), cancellous bone CT value (r = 0.222, p < 0.001), ITV (r = 0.355, p < 0.001), implant diameter (r = 0.371, p < 0.001), and implant length (r = −0.139, p < 0.05) (Figure 3). A multiple regression analysis of these six factors was also performed, which revealed significant associations of cortical bone thickness (β = 0.695, p < 0.01) and cancellous bone CT (β = 0.132, p < 0.05) values with ISQ. The prediction formula was as follows:


ISQ value = 35.748 + 32.892 × cortical bone thickness + 0.005 × cortical bone CT value



(3)







Thus, it was concluded that cortical bone thickness exerts a large effect on the ISQ value (Table 2).




3.2. Factors Affecting ISQ Values in Upper Jaw


Factors in the upper jaw that showed a significant correlation with the ISQ value were cortical bone thickness (r = 0.751, p < 0.001), cortical bone CT value (r = 0.170, p < 0.05), cancellous bone CT value (r = 0.355, p < 0.001), ITV (r = 0.253, p < 0.01), and implant diameter (r = 0.200, p < 0.05) (Figure 4). Results of the multiple regression analysis of those five factors revealed a significant correlation between cortical bone thickness (β = 0.650, p < 0.01) and the cancellous bone CT (β = 0.159, p < 0.05) values with the ISQ. The prediction formula was as follows:


ISQ value = 30.851 + 36.736 × cortical bone thickness + 0.07 × cancellous bone CT value



(4)







These findings also suggested a large effect of cortical bone thickness on the ISQ value (Table 3).




3.3. Factors Affecting ISQ Values in Lower Jaw


In the analysis of the lower jaw findings, two factors, cortical bone thickness (r = 0.571, p < 0.001) and diameter (r = 0.359, p < 0.001), showed a significant correlation with the ISQ (Figure 5). Furthermore, the multiple regression analysis indicated a significant association of cortical bone thickness (β = 0.555, p < 0.001) and implant diameter (β = 0.250, p < 0.01) with the ISQ. The prediction formula was as follows:


ISQ value = 39.808 + 19.868 × cortical bone thickness + 3.138 × diameter



(5)







Again, these findings suggested a large effect of cortical bone thickness on the ISQ value (Table 4).





4. Discussion


4.1. Subjects


The present subjects were patients who underwent an MDCT examination with the use of a stent prior to implant placement and then received surgery. We consider the present cohort to be an unbiased population, as compared to all implant therapy patients treated at our hospital.




4.2. CT Value Correction


In recent years, CT has become indispensable for obtaining preoperative information regarding the jawbone at the planned implant site, for which MDCT and CBCT are often used. CBCT is now widespread, thanks to its advantages, such as low radiation dose and high precision for distance measurements in tomographic images [2]. However, it is unable to obtain CT values that reflect bone density [2,24]. In contrast, MDCT, which has a slightly higher radiation dose as compared to CBCT but shows measurement precision sufficient for preoperative examinations, is considered to be superior for visual evaluations, and can also provide CT values [2]. CT values are used as an index for evaluating bone density [24,25,26]. However, errors can occur depending on the CT device and examination conditions [27]. For this reason, quantitative CT (QCT), using an exclusive phantom, is employed for measuring the bone density on the basis of the CT value obtained [21,28]; however, this is difficult to use clinically as an exclusive phantom is necessary. In the present study, we obtained the CT values with the use of a GP as the diagnostic stent commonly loaded during imaging as a substitute for the default phantom. On the basis of those measurements, the CT values for cortical and cancellous bone were corrected.




4.3. Factors Affecting ISQ in Upper Jaw


In the upper jaw, the ISQ values were found to have a correlation with cortical bone thickness, cortical bone CT values, cancellous bone CT values, ITV, and implant diameter. Multiple regression analysis for predicting the ISQ value revealed that the cortical bone thickness and cancellous bone CT value each had a significant effect. CT value is used as an index for speculating jawbone condition, and it has been reported that bone condition can be revealed based on CT values obtained preoperatively for implant therapy [26]. Turkyilmazu et al. [29] examined the relationship between CT values used for expressing the bone condition and mechanical evaluation of an implant body. They showed that ITV and ISQ had a correlation with the CT value of the jawbone at the implant site. Additionally, the present findings suggest that the cancellous bone CT value is a factor useful for predicting ISQ value, though its influence is less than that of cortical bone thickness.




4.4. Factors Affecting ISQ Value in Lower Jaw


In the lower jaw, ISQ values showed a correlation with cortical bone thickness and implant diameter; multiple regression analysis also revealed that cortical bone thickness and implant diameter had effects on ISQ. In a study using implant placement models conducted by Arai et al. [30], as the implant diameter increased, the ISQ value also increased. Furthermore, Arai et al. [31] studied the correlation between ISQ value and implant size in patients undergoing implant therapy and reported that the implant length rather than the diameter had an effect on the ISQ value in the upper jaw, while the diameter had an effect on the ISQ in the lower jaw. In the present study, no significant correlation was observed between ISQ values and implant length in either the upper or lower jaw. However, in the lower jaw, the diameter was suggested to be involved as a factor for predicting the ISQ. Thus, the factors with a significant effect on the ISQ value were different between the upper and lower jaws. We considered that these results were caused by differences in the anatomical structure between the jaws, including a lower level of cancellous bone density14 and thinner cortical bone [32] in the upper jaw.



Miyamoto et al. [19] determined the cortical bone thickness on the basis of CT images and the relationship with the ISQ value. They reported that cortical bone thickness and ISQ had a strong positive correlation. The results of the present study also showed a positive correlation between ISQ values and cortical bone thickness in both the upper and lower jaws, suggesting that this factor has a great effect on predicting ISQ. As higher ISQ values (i.e., >60 ISQ) are associated with increased implant stability [33], we predict that we can get enough primary stability if the cortical bone thickness is more than 1 mm from the results of the correlation analysis between ISQ value and cortical bone thickness. Therefore, it is very important to get enough primary stability so that we can evaluate cortical bone thickness before surgery.



In the present study, we also examined primary stability. Some cases showed a high ISQ value clinically at the time of the implant placement but had a poor prognosis because of an implant falling out. In contrast, others with not so high ISQ values at implant placement ultimately showed a favorable prognosis with high implant stability.



There are some limitations of the study. It is thought that the primary stability depends not only on the recipient site but also on the surgical technique and implant design, as well as various other factors [33,34,35,36,37]. In the present study, all the implants used were Nobel Replace Tapered (bone level type implants). Therefore, the results of this study were only for tapered, internal connection implant design. Additionally, although one surgeon inserted the implants in one facility in this study, it might be necessary to collect more data across multi-facilities to examine the generalizability of the results.



The ISQ analysis can supply clinically relevant information about the condition of the implant at any stage of the treatment or at follow-up examinations. Many reports show that implants with a high ISQ value during follow-up examinations are successfully integrated, while low and decreasing ISQ values may be a sign of ongoing implant failure [32,33]. Although all implants have not lost so far in this study, it will be necessary to follow patient courses for a longer period by measuring the ISQ value in order to examine changes over time more fully.





5. Conclusions


In this paper, the relationship between the implant stability evaluation findings by the use of ISQ, an index for primary stability, and morphological evaluation of bone by a preoperative CT was evaluated. The main conclusions can be drawn as follows:




	(1)

	
Factors that showed a significant correlation with the ISQ value in all subjects were cortical bone thickness, cortical bone CT value, cancellous bone CT value, ITV, and implant diameter and length. Multiple regression analysis, using the ISQ value as the objective variable, revealed that cortical bone thickness and cancellous bone CT value had a significant association with ISQ. These results indicated that cortical bone thickness has a great effect on predicting the ISQ value.




	(2)

	
In the upper jaw, cortical bone thickness, cortical bone CT value, cancellous bone CT value, ITV, and implant diameter showed a significant correlation with ISQ. Multiple regression analysis, using the ISQ value as the objective variable, revealed a significant association of cortical bone thickness and cancellous bone CT value with ISQ. These results also indicated a significant effect of cortical bone thickness for predicting the ISQ value.




	(3)

	
In the lower jaw, cortical bone thickness and implant diameter were confirmed to be significantly correlated with ISQ. Multiple regression analysis, using the ISQ value as the objective variable, also showed that both had a significant association with ISQ. Again, the cortical bone thickness was indicated to have a significant effect as a factor for predicting the ISQ value.













Author Contributions


Conceptualization, M.T. and K.O.; formal analysis, H.S.; investigation, Y.I.; data curation, T.N. and K.S.; writing—original draft preparation, S.O. and H.M.; writing—review and editing, M.T.; supervision, K.O.; project administration, Y.N. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Iplikcioglu, H.; Akca, K.; Cehreli, M.C. The use of computerized tomography for diagnosis and treatment planning in implant dentistry. J. Oral Implantol. 2002, 28, 29–36. [Google Scholar] [CrossRef]

	



Japanese Society for Oral and Maxillofacial Radiology. Guidelines for the Diagnostic Imaging in Dental Implant Treatment, 2nd ed.; Niigata University Graduate School of Medical and Dental Studies: Niigata City, Japan, 2008; Volume 2, pp. 1–30. [Google Scholar]

	



Abrahams, J.J. Anatomy of the jaw revisited with a dental CT software program. Am. J. Neuroradiol. 1993, 14, 979–990. [Google Scholar] [PubMed]

	



Fagelman, D.; Huang, A.B. Prospective evaluation of lesions of the mandible and maxilla: Indings on multiplanar and three-dimensional CT. Am. J. Roentgenol. 1994, 163, 693–698. [Google Scholar] [CrossRef] [PubMed]

	



Widmann, G.; Bale, R.J. Accuracy in computer-aided implant surgery: A review. Int. J. Oral Maxillofac. Implants 2006, 21, 305–313. [Google Scholar] [PubMed]

	



Yosue, T.; Takamori, H.; Nomura, A.; Watanabe, Y.; Kamezawa, H.; Otani, K.; Hiraga, Y.; Nakaya, H. Utility of CT in Brånemark implant treatment. Odontology 1992, 80, 915–922. [Google Scholar]

	



Iwata, H.; Yosue, T. The correlation between the CT value and the bone quality in the jaw bone of implant patients. Odontol. Spring Spec. Issue 2007, 94, 138–143. [Google Scholar]

	



Rasmusson, L.; Meredith, N.; Kahnberg, K.E.; Sennerby, L. Stability assessments and histology of titanium implants placed simultaneously with autogenous onlay bone in the rabbit tibia. Int. J. Oral Maxillofac. Surg. 1998, 27, 229–235. [Google Scholar] [CrossRef]

	



Olive, L.; Aparocio, C. The Periotest method as a measure of osseointegrated oral implant stability. J. Oral Maxillofac. Implants 1990, 5, 390–400. [Google Scholar]

	



Scarano, A.; Carinci, F.; Quaranta, A.; Iezzi, G.; Piattelli, M.; Piattelli, A. Correlation Between Implant Stability Quotient (ISQ) With Clinical and Histological Aspects of Dental Implants Removed for Mobility. Int. J. Immunopathol. Pharmacol. 2007, 20, 33–36. [Google Scholar] [CrossRef]

	



Scarano, A. Traditional Postextractive Implant Site Preparation Compared With Pre-extractive Interradicular Implant Bed Preparation in the Mandibular Molar Region, Using an Ultrasonic Device: A Randomized Pilot Study. Int. J. Oral Maxillofac. Implants 2017, 32, 655–660. [Google Scholar] [CrossRef]

	



Rektosson, T.; Zarb, G.A.; Worthington, P.; Eriksson, A.R. The long-term efficacy of currently used dental implants. Int. J. Oral Maxillofac. Implants 1986, 1, 11–25. [Google Scholar]

	



Zarb, G.A.; Albrektsson, T. Symposium: Towards Optimized Treatment Outcomes for Dental Implants. Toronto, Ontario, April 24-25, 1998. Proceedings. Int. J. Prosthodont. 1998, 11, 385–521. [Google Scholar]

	



Arakawa, H. Clinical epidemiology associated with dental implant survival in Japanese: Identification of risk factors for loss of retention and failure of acquiring Osseointegration. J. Okayama Dent. Soc. 2004, 23, 29–45. [Google Scholar]

	



Bischof, M.; Nedir, R.; Szmukler-Moncler, S.; Bernard, J.P.; Samson, J. Implant stability measurement of delayed and immediately loaded implants during healing. Clin. Oral Implants Res. 2004, 15, 529–539. [Google Scholar] [CrossRef]

	



Nedir, R.; Bischof, M.; Szmukler-Moncler, S.; Bernard, J.P.; Samson, J. Predicting osseointegration by means of implant primary stability. Clin. Oral Implants Res. 2004, 15, 520–528. [Google Scholar] [CrossRef]

	



Winter, W.; Möhrle, S.; Holst, S.; Karl, M. Parameters of implant stability measurements based on resonance frequency and damping capacity: A comparative finite element analysis. Int. J. Oral Maxillofac. Implants 2010, 25, 532–539. [Google Scholar]

	



Friberg, B.; Sennerby, L.; Linden, B.; Gröndahl, K.; Lekholm, U. Stability measurements of one-stage Brånemark implants during healing in mandibles. A clinical resonance frequency analysis study. Int. J. Oral Maxillofac. Surg. 1999, 28, 266–272. [Google Scholar] [CrossRef]

	



Miyamoto, I.; Tsuboi, Y.; Wada, E.; Suwa, H.; Iizuka, T. Influence of cortical bone thickness and implant length on implant stability at the time of surgery clinical, prospective, biomechanical, and imaging study. Bone 2005, 37, 776–780. [Google Scholar] [CrossRef]

	



Kumasaka, A.; Okamoto, T.; Kataoka, T.; Kaibuchi, N.; Fujii, T. Relationship between assessment of bone with computed tomography and movement evaluation. J. Jpn. Soc. Oral Implant 2012, 25, 708–716. [Google Scholar]

	



Fukutome, J.; Iwata, H.; Takamori, H.; Tosue, T. The correlation between the bone mineral density of cancellous bone and the bone quality in the jaw bone of implant patients. J. Jpn. Soc. Oral Implant 2008, 21, 13–20. [Google Scholar]

	



Coppieters, M.; Stappaerts, K.; Janssens, K.; Jull, G. Reliability of detecting ‘onset of pain’ and ‘submaximal pain’ during neural provocation testing of the upper quadrant. Physiother. Res. Int. 2002, 7, 146–156. [Google Scholar] [CrossRef] [PubMed]

	



Takechi, M.; Ohta, K.; Minami, M.; Shigeishi, H.; Kamata, N. Effect of cortical bone on dental implant stability quotient values. J. Jpn. Soc. Oral Implant 2008, 21, 319–326. [Google Scholar]

	



Naitoh, M. Diagnostic imaging for dental implant treatment. Jpn. J. Oral Maxillofac. Surg. 2009, 55, 2–7. [Google Scholar] [CrossRef]

	



Stoppie, N.; Pattijin, V.; Cleynenbreugel, T.V.; Wevers, M.; Sloten, J.V.; Ignace, N. Structual and radiological parameters for the characterization of jawbone. Clin. Oral Implants Res. 2006, 17, 124–133. [Google Scholar] [CrossRef] [PubMed]

	



Shapurian, T.; Damoulis, P.D.; Reiser, G.M.; Griffin, T.J.; Rand, W.M. Quantitative evaluation of bone density using the Hounsfield index. Int. J. Oral Maxillofac. Implants 2006, 21, 290–297. [Google Scholar] [PubMed]

	



Morita, Y.; Kanda, S. Understanding the properties of the jaw bone through computed tomography value. Quintessence 2010, 29, 168–174. [Google Scholar]

	



Hoshino, M.; Kuroda, T.; Takamori, H.; Youe, T. The correlation of bone density between whole body and jaw in impant patients. J. Jpn. Soc. Oral Implant 2005, 18, 273–279. [Google Scholar]

	



Turkyilmaz, I.; Tozum, T.F.; Tumer, C.; Ozbek, E.N. Assessment of correlation between computerized tomography values of the bone, and maximum torque and resonance frequency values at dental implant placement. J. Oral Rehabil. 2006, 33, 881–888. [Google Scholar] [CrossRef]

	



Arai, K.; Iwata, M.; Saratani, K.; Tanaka, M.; Kawazoe, T. Influence of stiffness of the circumference of implant on the result of a wireless resonance frequency analyzer. J. Jpn. Soc. Oral Implant 2007, 20, 433–438. [Google Scholar]

	



Arai, K.; Terauchi, R.; Umezaki, Y.; Kaida, K.; Kashiwagi, T.; Kashiwagi, K.; Baba, S.; Tanaka, M.; Kawazoe, T. Effect of dental implant size on intraosseous stability. J. Osaka Dent. Univ. 2014, 48, 79–85. [Google Scholar]

	



Shiigai, T. Bone conditions and early, immediate loading implants. Pract. Prosthodont. 2005, 38, 146–157. [Google Scholar]

	



Sennerby, L.; Meredith, N. Implant stability measurements using resonance frequency analysis: Biological and biomechanical aspects and clinical implications. Periodontology 2000 2008, 47, 51–66. [Google Scholar] [CrossRef] [PubMed]

	



Hong-Gi, Y.; Seong-Joo, H.; Jai-Young, K.; Seong-Kyun, K.; Su-Young, L. Effect of bone quality and implant surgical technique on implant stability quotient (ISQ) value. J. Adv. Prosthodont. 2011, 3, 10–15. [Google Scholar]

	



Javed, F.; Almas, K.; Crespi, R.; Romanos, G.E. Implant surface morphology and primary stability: Is there a connection? Implant Dent. 2011, 20, 40–46. [Google Scholar] [CrossRef] [PubMed]

	



Elias, C.N.; Rocha, F.A.; Nascimento, A.L.; Coelho, P.G. Influence of implant shape, surface morphology, surgical technique and bone quality on the primary stability of dental implants. J. Mech. Behav. Biomed. Mater. 2012, 16, 169–180. [Google Scholar] [CrossRef] [PubMed]

	



Oue, H.; Doi, K.; Oki, Y.; Makihara, Y.; Kubo, T.; Perrotti, V.; Piattelli, A.; Akagawa, Y.; Tsuga, K. Influence of implant surface topography on primary stability in a standardized osteoporosis rabbit model study. J. Funct. Biomater. 2015, 6, 143–152. [Google Scholar] [CrossRef] [PubMed]








[image: Materials 13 02605 g001 550] 





Figure 1. Selection of patients. 
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Figure 2. Computed tomography (CT) measurement methods. Gutta-percha point (GP): CT value at gutta-percha point. Cortical bone thickness: the thickness of cortical bone at alveolar crest. Cortical bone CT value: mean of 3 CT measurements of the cortical bone at alveolar crest. Cancellous bone CT value: mean CT value for 10 mm2 ROI set in the cancellous bone. 
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Figure 3. Correlation of each examined factor with the implant stability quotient (ISQ) value in all subjects (n = 247). A. Cortical bone thickness. B. Cortical bone CT value. C. Cancellous bone CT value. D. Insertion torque value (ITV). E. Implant diameter. F. Implant length. 
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Figure 4. Correlation of each examined factor with the ISQ value in upper jaws (n = 154). A. Cortical bone thickness. B. Cortical bone CT value. C. Cancellous bone CT value. D. ITV. E. Implant diameter. F. Implant length. 
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Figure 5. Correlation of each examined factor with the ISQ value in lower jaws (n = 93). A. Cortical bone thickness. B. Cortical bone CT value. C. Cancellous bone CT value. D. ITV. E. Implant diameter. F. Implant length. 






Figure 5. Correlation of each examined factor with the ISQ value in lower jaws (n = 93). A. Cortical bone thickness. B. Cortical bone CT value. C. Cancellous bone CT value. D. ITV. E. Implant diameter. F. Implant length.
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Table 1. Subjects.






Table 1. Subjects.





	

	
Male

	
Female

	
Total




	
Cases of Implant Treatment

	
36

	
62

	
98




	
Number of Implants

	
92

	
155

	
247




	

	
Maxilla

	
Mandible

	
Total




	
Number of Implants

	
154

	
93

	
247




	
Implant Length

	
Implant Diameter

	
Total




	
Narrow (3.5 mm)

	
Regular (4.3 mm)

	
Wide (5.0 mm)




	
8 mm

	
5

	
17

	
4

	
26




	
10 mm

	
22

	
48

	
28

	
98




	
13 mm

	
32

	
65

	
15

	
112




	
16 mm

	
7

	
4

	
0

	
11




	
Total

	
66

	
134

	
47

	
247
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Table 2. Multiple regression analysis of all subjects using the ISQ value as an objective variable.






Table 2. Multiple regression analysis of all subjects using the ISQ value as an objective variable.





	
Explanatory Variable

	
Unstandardized Coefficient

	
Standardization

	
p Value

	
95% Cofidence Interval




	
B

	
Standard Error

	
β






	
Constant

	
35.748

	
2.544

	

	

	




	
Cortical bone thickness (mm)

	
32.892

	
2.404

	
0.695

	
0.000

	
28.151–37.634




	
Cancellous bone CT value (HU)

	
0.005

	
0.002

	
0.132

	
0.010

	
0.001–0.009








(n = 247).
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Table 3. Multiple regression analysis of the upper jaw using the ISQ value as an objective variable.






Table 3. Multiple regression analysis of the upper jaw using the ISQ value as an objective variable.





	
Explanatory Variable

	
Unstandardized Coefficient

	
Standardization

	
p Value

	
95% Cofidence Interval




	
B

	
Standard Error

	
β






	
Constant

	
30.851

	
3.694

	

	

	




	
Cortical bone thickness (mm)

	
36.736

	
3.848

	
0.650

	
<0.001

	
29.114–44.358




	
Cancellous bone CT value (HU)

	
0.007

	
0.003

	
0.159

	
0.021

	
0.001–0.013








(n = 154).
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Table 4. Multiple regression analysis of the lower jaw using the ISQ value as an objective variable.






Table 4. Multiple regression analysis of the lower jaw using the ISQ value as an objective variable.





	
Explanatory Variable

	
Unstandardized Coefficient

	
Standardization

	
p Value

	
95% Cofidence Interval




	
B

	
Standard Error

	
β






	
Constant

	
39.808

	
4.928

	

	

	




	
Cortical bone thickness (mm)

	
19.868

	
3.300

	
0.555

	
<0.001

	
13.293–26.442




	
Cancellous bone CT value (HU)

	
3.138

	
1.157

	
0.250

	
0.008

	
0.834–5.442








(n = 93).














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
- GP

= cortical bone
CT value

cortical bone ®.
thickness

= cancellous bone
CT value






nav.xhtml


  materials-13-02605


  
    		
      materials-13-02605
    


  




  





media/file8.jpg
w (uw) ghu

<0001

g88gg-°

s 7
15Q value

30

10

i

30

10

O (NH) duoq snojaue)

1SQ value





media/file2.png
Patients who underwent implant placement surgery at the Department of Oral and
Maxllofacial Feconstmctive Surgery, Hiroshima Umiversity Hospital between

September 2013 and March 2017 (n=168)

excinded

Patients with poorly controlled I;.

diabetes (n=2)

excluded

Patients who needed bone grafting due to
msufficient bone width and height (n=43)

excludad I

excluded

Edentulous patients (n=3)

Patients with conframdications for minor
oral surgical procedures (o=3)

excluded I

L

Patients who performed CBCT scan ‘
(n=17)

Patients analyzed n this study (n=98)






media/file5.jpg
15 F=0807
16 p<oo0 o
14

12

1
o8
06
04
02

2 w0 0 w0

Cancellous bone (HU)

15Q value

w
o
0 ow w W o
150 vlue
=01
55| peooor
PR —
Eas
T —
N -
s
P
Bas
o 0 0 0 100
15Qualse
P oo
o

15Q value





media/file3.jpg
- Gp

= cortical bone
CT value

= cancellous bone
CT vale






media/file9.png
-

Thickness (mm)

==

Cortical bone (HU)

1.5

0.5

10

1,800
1,600
1.400
1,200
1,000

&00

600

r=10.751
p < 0.001

g;_.i--i-?fw.;

30 50 70 90
ISQ value

r=0.170
p<0.05

10 30 50 70 90

ISQ wvalue

ITV (Nem)

us

Diameter (mm)

r=10.253
50 p=<0.01
45 L1
40 ®
35 ® e
30 --I'.-..
o+ ulsts rmETT=S
25 ep..0° @
20
15
10
10 30 50 70 90
ISQ wvalue
r=0.200
55 P <0.05
5 & N O B
S
45
*® #»
4 .I-l.i-...-...
oot e o
35 ¢ © e
3
25

10 30 50 70 90
ISQ value





media/file1.jpg
Patients who uaderweat implant lacesment surgery atthe Depsrtuneatof Oral and
Maxillofacil Reconstructive Surgery, Hiroshiza University Hospital between.
‘September 2013 and March 2017 (=168)

excluded
Parients who needed bone gafing due 1o
["{ sufficientbone width nd height (=33
excluded
Patients with poory contolled
diabetes (02)
excluded [ hents with conmaindicaions for minor
oralsurgial pocedures (u=3)
excluded
Edentilous patiens @=5) _e————|
excluded [ pytients who performed CBCT scan
(@e17)

Patients analyzed in thisstudy (@=98)






media/file7.jpg
S

Thickness (mm)

=

Cortical bone (HU)

1.800
1.600
1400
1200
1,000

10

30

50

15Q value
r=0170
p<005

7

30

50
1SQ value

0

%0

ITV (Nem)

1 30 s 70 %
15Q value

L]

Diameter (mm)

10 3% s 70 s
1SQ value





media/file10.png
>

Cancellous bone (HU)

10

r=0.355
p < 0.001

30 50 70 90
ISQ wvalue

Length (mm)

£ o o0

18
16
14
12
10

10

30 50 70 90
ISQ wvalue





media/file12.png
-

Thickness (mm)

we

Cortical bone (HU)

o

Cancellous bone (HU)

15

0.5

50

1,700
1,500
1,300
1,100
900
700
500

1,200
1,000
800
600
400
200

50

50

r=0.571
p < 0.001

o Q#

60 70 80 90
ISQ value

60 70 &0 90
ISQ value

® " .".-
oafa’

--.. EF

60 70 80 90
ISQ value

D
70
60 &
= 2
Eig e @ eme
E $ e »ED cEElsehy
30 =
E - eo8 O W oW
n 2
10
0
50 60 70 a0 90
ISQ value
E = ().350
55 p<0.001
5 € @ 32 ¢ aeit SN
*“é 45 ee®®”
o ©ow gipe el
~._.Er 4 -'l"’-.
i
E 35 co_o® mo o
g 3
o3
LA
50 60 70 80 o0
ISQ value
F
18
E 16 -. a3
= & e OGN0 &0 &) o) Gl e
ol 12 @
"cga 10 & W SRR
& B e & o 0 e @
e
4
50 60 70 80 90

ISQ wvalue





media/file0.png





media/file11.jpg
-

Cortical bone (HU) & ‘Thickness (mm)

a

Cancellous bone (HU)

1700
1500
1300
1100
%0
700
500

1200

0
15Q value

)

50

%0

TV (Nem)

m

diameter (mm)

-

Length (mm)

o © W ® %
15Q value





media/file6.png
i

Thicness (mm)

e

Cortical bone (HU)

Cancellous bone (HU) »

1.800
1.600

1.200
1.000
800
600
400
200

40 60
ISQ wvalue
r=10.163
p<0.05

40 60
ISQ value

ISQ value

80

80

80

100

100

100

o

ITV (Ncm)

s

Diameter (mm)

Length (mm)

r=10.355
70 < 0.001
60 g | )
50
40
w
30 o
S 88 P
*
10
0
= = 50 70 90
ISQ value
r=0.371
i p<0.001
: & SRS ERDED
e
4.5
e ® .#
4 .I-... b
ll....‘ ._-
35 . L ®e "
e @
3
25
2
- - 60 80 100
ISQ value
r=-0.139
18 p<0.05
16 -
e
14
©e 00 COMENNNENNER
1'} II.'.'.II-‘..-'-IIF'.
10 #® Eey IR
6
. . - %0 100

ISQ wvalue





