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The Interrelation between Cortical Bone Thickness and Primary and Secondary Dental Implant Stability: A Systematic Review
The correlation between cortical bone thickness and the Implant Stability Quotient (ISQ): A Systematic Review 


ABSTRACT
The advent of implantology, marked by Professor Per-Ingvar Branemark’s concept of osseointegration, revolutionised tooth replacement. A key indicator of successful osseointegration is implant stability, which can be categorised into primary stability (initial mechanical fixation) and secondary stability (biological integration through bone remodelling). The overall success of a dental implant is largely dependent on achieving both forms of stability. This systematic review investigates the correlation between cortical bone thickness and the Implant Stability Quotient (ISQ), a key metric for assessing the stability and osseointegration of dental implants. Recognising the critical role of implant stability in the long-term success of dental prostheses, the review explores the biological and mechanical factors underpinning primary and secondary stability. It emphasises the significance of osseointegration, first conceptualised by Branemark, and the increasing use of resonance frequency analysis (RFA) as a non-invasive method for monitoring implant integration through ISQ values. Advances in imaging technologies, such as CT and CBCT, have improved preoperative assessment of cortical bone thickness, a parameter hypothesised to influence ISQ by enhancing mechanical engagement. However, inconsistencies in imaging data and variations in study outcomes have led to inconclusive findings regarding this relationship. By systematically evaluating current literature, the review aims to determine whether cortical bone thickness can serve as a reliable predictor of implant stability. The findings suggest a potential association but underscore the need for further standardised, high-quality research to validate cortical bone thickness as a predictive tool in implant dentistry.
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INTRODUCTION
Tooth loss is a widespread oral health issue resulting from causes such as dental caries, periodontal disease,7 trauma, systemic conditions, and poor oral hygiene.1 Beyond the functional impact on chewing and speech, missing teeth also lead to aesthetic concerns and progressive bone loss in the jaw, ultimately affecting facial structure and overall quality of life.18 “Oral diseases affect nearly 3.5 billion people universally. Of them, approximately 2.3 billion and 530 million present with dental caries of the permanent and primary (baby) dentitions, respectively. The prevalence of severe tooth loss declined from 4.4% in 1990 to 2.4% in 2010 and 158 million people worldwide were edentulous in 2010” (Amarasena et al., 2021). To address these challenges, dentistry has evolved to offer dental implants as a reliable and long-lasting solution that mimics the function and appearance of natural teeth.14
The advent of implantology, marked by Professor Per-Ingvar Branemark’s concept of osseointegration, revolutionised tooth replacement.4 “Osseointegration refers to the direct structural and functional connection between living bone and the surface of a load-bearing implant”.12 A key indicator of successful osseointegration is implant stability, which can be categorised into primary stability (initial mechanical fixation) and secondary stability (biological integration through bone remodelling). The overall success of a dental implant is largely dependent on achieving both forms of stability.26
[bookmark: _GoBack]To assess implant stability, various techniques are available, among which Resonance Frequency Analysis (RFA) has gained prominence due to its non-invasive, objective, and repeatable nature. “RFA provides values in terms of the Implant Stability Quotient (ISQ), ranging from 0 to 100, with higher values indicating greater implant stability”.11, 13 The gradual improvement of resonance frequency analysis techniques has created modern diagnostic systems that have become a priority for dental surgeons to determine the primary stability of implants (Oshurko et al., 2023). 
Recent advancements in radiographic imaging, such as CT and CBCT, have enabled clinicians to evaluate bone quality before implant placement.36 Among the many bone characteristics, cortical bone thickness has emerged as a critical factor influencing implant stability (Dudhani et al., 2021). Studies suggest that implants placed in areas with thicker cortical bone generally exhibit higher ISQ values due to enhanced mechanical anchorage.19 However, the accuracy of bone density measurements from CBCT gray values remains debatable, leading to uncertainty about their clinical reliability.27
Despite these insights, limited literature directly explores the correlation between cortical bone thickness and ISQ, leaving a gap in understanding how this parameter can predict implant success. 33 Therefore, this systematic review aims to analyse and consolidate existing evidence on the relationship between cortical bone thickness and implant stability as measured by ISQ, with the goal of improving preoperative planning and clinical outcomes in dental implantology.
MATERIAL AND METHOD
PROSPERO PROTOCOL AND REGISTRATION:
The study protocol was registered on the PROSPERO database. The PROSPERO registration number for the protocol for this study is CRD42024511318. 
REVIEW QUESTION:
How does cortical bone thickness affect implant stability?
PICO:
Based on the review question, the PICO was formulated. i.e., the Population Intervention Comparison Outcome format was used.
P-Completely or partially edentulous patients treated with dental implant, whose alveolar bone conditions were assessed using radiographic examination
I-Placement of dental implant
C- Placement of dental implant with comparison among different bone thicknesses
O- Stability of dental implant
Searches:
Search will be made in: MEDLINE via PubMed, Cochrane Library, Google Scholar and related journals, books and bibliographies will also be screened, and a manual search of hard copies of journals available in the institute library will also be done. 
MeSH words, text words and Boolean operators will be used. Inclusion criteria are articles published between 2000 to 2024, in the English language, which include randomised control clinical trials and case series with more than 5 participants.
INCLUSION CRITERIA
1. Clinical studies
2. Case reports 
3. Case series 
4. Animal studies
EXCLUSION CRITERIA 
1. Articles not fulfilling inclusion criteria 
2. In vitro studies.
KEYWORDS AND CONCEPT TABLE: The concept table was made based on PICO criteria, which includes the key concepts, controlled vocabulary terms, as well as free text terms. The Medical Subject Headings, i.e., MeSH Terms, were obtained by searching the key concepts in the MeSH database, which is the NLM controlled vocabulary thesaurus used for indexing articles for the PubMed database. The free text terms were obtained after a thorough evaluation of related articles, thesaurus and dictionaries, as well as entry terms and subheadings of the relevant MeSH terms.
Table 1: Concept Table
	PICO 
	POPULATION 
	INTERVENTION 
	COMPARISON 
	OUTCOME 

	1





	COMPLETELY OR PARTIALLY EDENTULOUS PATIENTS TREATED WITH DENTAL IMPLANT WHOSE ALVEOLAR BONE CONDITIONS WERE ASSESSED USING RADIOGRAPHIC EXAMINATION 
	PLACEMENT OF DENTAL IMPLANT






	PLACEMENT OF DENTAL IMPLANT WITH COMPARISON AMONG DIFFERENT BONE THICKNESSES

	SUCCESS RATE  
STABILITY OF DENTAL IMPLANT
  



ELECTRONIC SEARCH:
  Electronic search in MEDLINE via PubMed, Cochrane Library, and Google Scholar search engines for articles published from 2000 to 2024 was conducted.
  The terms mentioned in the concept table were used to formulate a search strategy. The terms were combined using suitable Boolean operators (AND, OR, NOT). Phrase searching, truncation, wild cards and proximity operators were used wherever deemed necessary. A similar search strategy was applied in all the electronic searches. 
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Table 2: Data Extraction based on review of literature

	
	Author and year of publication
	Study design
	Number of patients
	Age of patient [range]  
	Implant site
	No. of implants placed
	Cortical Bone thickness
	Implant stability

	1
	Ikuya Miyamoto, 2005
	Prospective study.
	50
	24-76 years
	Edentulous region(Single, partial, complete).
	225
	Mean mandible thickness was 2.22 ± 0.47 mm
Mean maxilla thickness was 1.49 ± 0.34 mm
	Mandibular implants had a significantly higher ISQ value than maxillary implants

	2
	Joe Merheb, 2009
	Clinical trial
	24
	58 years (avg)
	Completely edentulous Mx And Md
	136
	Cortical thickness was scored at four sites of implant–bone contact, distributed around the implant mean was calculated.
	Significant linear relations were found between RFA or PTV scores and HU values (P<0.05), or cortical bone thickness (P<0.05), both at insertion as well as at loading


	3
	Kenko Tanaka, 2018
	Prospective study
	113
	55.8±13.3 years
	Edentulous Mx and Md(Single, partial, complete).
	229
	The mean mandible thickness was 1.740±0.64 mm
The mean maxilla thickness was 1.207±0.34 mm.
	Mandibular implants had significantly higher mean ISQ values (PS: 72.23±8.59, SS: 79.00±5.09; n=117) than maxillary implants (PS: 66.27±9.36, SS: 72.78±5.72; n=111) for both PS and SS (Student's t-test; P<0.01)

	4
	Maria Angeles Fuster-Torres, 2011
	Restrospective
	33
	58.3 years (mean age)
	21
	128
	Mean bone density=  623 ± 209 HU
In mandible (717 ± 204 HU)
The maxilla (490 ± 128 HU) 
	There was a statistically significant relationship between bone density values for implant sites in the anterior mandible (r = 0.562, P < .05), and RFA values

	5
	Pobploy Petchmedyai, 2016
	Clinical trial
	8
	Mean 53 years
	PM
M 
	12
	Mean crestal cortical bone thickness and buccolingual bone thickness at 5 mm below the alveolar crest were 1.423 ± 0.65 mm and 6.954±1.37 mm, respectively.
	Mean ISQ values were 73.33 ± 6.14.

	6
	Julie Roze´, 2009
	Experimental 
	3
	53-80 years
(cadavers)
	Mx And Md Ant and post region
	22
	Significant differences in cortical thickness were. found between the mandibular and maxillary bones. Cortical bone was significantly thicker in posterior than in anterior sites
	Implant stability quotients (ISQ) ranged from 50 to 70%

	7
	Wook-Jin Seong, 2009
	Experimental
	4 
	Mean 83.25 years
(cadavers)
	Edentulous Md and Mx
	50
	The mean mandible thickness was more than
The mean maxilla thickness
	Mandibular bone had higher initial implant stability and physical properties than maxillary bone. Initial implant stability was higher in the anterior region than in the posterior.
 EM was higher in the posterior region than in the anterior.



DESCRIPTION OF SELECTED STUDIES:
The characteristics of the included studies are reported in above tables for study characteristics of included studies. Of the 7 finally selected studies, 2 were prospective study, 1 was retrospective, 2 were clinical trial, 2 were experimental studies. The present systematic review, studies including a total of 235 patients of which implant placement was done in different regions of maxilla and mandible. The implant stability of implants placed in different regions of jaw were evaluated for primary and secondary stability. 
Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all included studies.
Graph 1: Bias graph report 1
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Graph 2: Bias graph report 2
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DISCUSSION
Edentulism, whether partial or complete, has a profound impact on a patient's quality of life and overall health.3 It affects mastication, speech, facial aesthetics, and can even influence systemic health due to impaired nutrition.1 Dental implants have emerged as the preferred modality for replacing missing teeth, offering superior outcomes in terms of function, appearance, and long-term bone preservation.2 The success of dental implants depends heavily on achieving and maintaining implant stability, which is influenced by both primary mechanical engagement and secondary biological osseointegration.5
Implant stability is commonly assessed through various clinical and diagnostic methods, including insertion torque values, Periotest values (PTV), and notably, Resonance Frequency Analysis (RFA).14 RFA is a widely accepted, non-invasive method that measures the Implant Stability Quotient (ISQ), providing a numerical value indicative of the stiffness of the bone-implant interface. High ISQ values are associated with better stability and successful osseointegration.12
This systematic review aimed to evaluate the influence of cortical bone thickness on implant stability, particularly as measured by ISQ values. Cortical bone, being dense and compact, provides critical mechanical support during the initial phase of implant placement.23 Its thickness is believed to play a key role in enhancing primary stability, which in turn sets the stage for successful osseointegration and secondary stability.16
Studies included in this review support a positive and statistically significant correlation between cortical bone thickness and ISQ values:
· Miyamoto et al.13 observed a strong positive linear relationship between cortical bone thickness and ISQ values at the time of surgery, suggesting that local bone quality, more than implant dimensions, determines primary implant stability.13 They also noted the clinical utility of combining CT imaging and RFA for predicting implant outcomes.
· Joe Merheb et al.19 conducted a clinical trial that reinforced this finding. They found a strong correlation between cortical bone thickness and primary implant stability, aligning with other clinical reports. Their findings indicated that RFA and PTV could be predicted based on bone-related factors, particularly cortical thickness.
· Kenko Tanaka et al.29 evaluated both primary and secondary stability using RFA and observed higher ISQ values in the mandible compared to the maxilla. This difference was attributed to greater cortical bone thickness in the mandible. The study found mean ISQ values of 69.34 ± 9.43 for primary stability and 75.99 ± 6.23 for secondary stability, indicating that cortical thickness contributes significantly to both phases.
· María Ángeles Fuster-Torres et al.40 used CBCT imaging to analyze bone density and correlated it with insertion torque and RFA values. They found a statistically significant relationship in the anterior mandible, supporting the link between bone density and implant stability.
Histological and cadaver-based studies further clarify the biological aspects of implant stability:
· Julie Roze’s13 histomorphometric study on human cadaver jaws confirmed that cortical bone thickness is crucial for primary stability. Using standard clinical CT, cortical thickness could be assessed preoperatively, reinforcing its value in treatment planning.
· Wook-Jin Seong et al.,39 in their study on cadaver jaws, found that composite apparent bone density had the strongest correlation with initial implant stability (r = 0.82). They noted that both bone density and implant stability varied across different jaw regions, underlining the importance of site-specific bone characteristics.
Collectively, these findings indicate that cortical bone thickness plays a significant role in implant stability, especially in the primary phase immediately after implant placement. Thicker cortical bone provides a more rigid interface, enhances mechanical locking, and contributes to higher ISQ values, indicating stronger stability. However, the presence of conflicting data suggests that bone quality is a multifactorial parameter. Factors such as bone density, vascularity, microstructure, and cellular activity (especially of osteoblasts) also influence the success of osseointegration.
In conclusion, this systematic review supports the notion that cortical bone thickness is an important predictor of implant stability. Clinical and radiographic assessment of cortical bone prior to implant placement can significantly improve treatment planning and outcome prediction. Nevertheless, further research—particularly studies that incorporate bone microarchitecture, histology, and standardised imaging techniques—is essential to fully understand the multifaceted relationship between bone characteristics and implant success.

CONCLUSION
This systematic review aimed to assess implant stability in different bone thicknesses. An electronic search of PubMed, Cochrane, and Google Scholar databases for articles published from January 2000 to July 2024 and a manual search of hard copies of journals available in the institute library was done by two independent reviewers. Based on the results of this systematic review, it can be concluded that cortical bone thickness strongly increased implant stability in humans. 
The following are the conclusions drawn from studying various studies:
· Implants placed in the Mandibular arches had a significantly higher ISQ value than maxillary implants. 
· There was a strong linear correlation between cortical bone thickness and resonance frequency analysis.
· There was a statistically significant relationship between bone density values and insertion torque measurements for implant sites in the anterior mandible, as well as between bone density and RFA values
· The mandibular group had significantly higher mean ISQ values than the maxillary group for both Primary Stability and Secondary Stability
· [bookmark: _Hlk171427761]ISQ values were more for secondary stability as compared to primary stability. 
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