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ABSTRACT  

Introduction: The clinical study's main goal was to determine the frequency of peri-implant 

inflammation and changes in the marginal bone level around dental implants with single-unit 

fixed dental prostheses (FDP) and the teeth next to them, in relation to the horizontal and 

vertical implant positions.  

Materials & Method: After following a conventional drilling procedure, internal hex 

implants were inserted at healed sites. RFA measurements were taken using the Osstell_ 

Mentor immediately following implant placement (primary ISQ) and postoperatively at 2, 3, 

4, 5, 6, 9, 12, 18, and 24 months. After implant insertion and at postoperative 4, 7, 10, 12, 18, 

and 24 months, periapical radiographs were performed to assess marginal bone loss (MBL).  

Results: The IT of various bone kinds indicated significant variances. Implants positioned in 

locations with bone density of D1 or D2 had considerably higher IT than those positioned in 

D3 or D4 regions. 63 implants had bone loss of less than 1 mm, 21 implants lost bone of less 

than 1 mm, and 6 implants lost bone of more than 2 mm. The most significant bone loss 

measured 2.68 mm. Only three of the implants—out of the six with bone loss greater than 2 

mm—presented with BOP. 

Discussion & Conclusion: Utilizing insertion torque and resonance frequency analysis, 

clinical testing of implant stability is simple to carry out. The findings of this study imply that 

bone density and implant diameter were important factors in determining IT/primary ISQ. 

Primary ISQ had less of an effect on MBL than bone density and IT. 

Keywords: Implant Insertion, Marginal Bone loss, Resonance Frequency, Survival, Torque 

 

INTRODUCTION  

A paradigm change in oral rehabilitation occurred when Brnemark et al. introduced the idea 

of osseointegration and dental implants in the late 1970s. Dental implant treatment's long-

term clinical performance can be impacted by both primary factors linked to various surgical 
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procedures and secondary factors connected to the development of marginal bone loss. Flap 

elevation is a common technique in implant surgery because it provides direct access to 

implant sites, enhances control over implantation angulation, and lowers the danger of bone 

fenestrations and dehiscences.
1-3

 

For implant therapy to be successful over the long term and to produce favourable aesthetic 

results, the peri-implant bone levels that were surgically attained must be maintained or 

improved. In particular during the first year after surgical implantation, the process of bone 

remodelling surrounding the implants has been thought of as a typical time-dependent 

phenomenon, to which clinical, individual, and device-related factors contribute.
4-6

 

With documented survival rates of 95.4% after 5 years of function, dental implant procedure 

provides relatively predictable results.1 Although implant survival rates are good, peri-

implant inflammation is a common occurrence and could ultimately lead to marginal bone 

loss. Early on after implant placement and/or occlusal stress, the peri-implant marginal bone 

loss is frequently seen radiographically and is commonly referred to as bone remodelling.
7,8

 

The healing process following surgical damage and/or physiological adaptation to function 

and the corresponding mechanical pressures have both been linked to such early marginal 

bone loss. Following this normal bone remodelling, marginal bone loss could develop as a 

result of plaque-induced peri-implant inflammation and lead to a progressive loss of 

osseointegration, posing a serious risk to the long-term efficacy of implant therapy.
9,10

 

This retrospective clinical study's main goal was to determine the frequency of peri-implant 

inflammation and changes in the marginal bone level around dental implants with single-unit 

fixed dental prostheses (FDP) and the teeth next to them, in relation to the horizontal and 

vertical implant positions.  

 

MATERIALS & METHOD 

The Department of Implant Dentistry in the dental college and affiliated medical facility was 

where the current study was carried out. The university's institutional committee granted its 

approval and the institute review board accepted the study protocol after receiving ethical 

clearance. For this prospective trial, patients who sought implant therapy were screened. Each 

eligible patient met the requirements for a single implant-supported crown and was somewhat 

dentate. Each participant signed an informed consent form after being told of the study's 

objectives in their native tongue. 

The following criteria were used to choose a total of 45 participants:  

Age above 20, absence of serious systemic disorders known to affect bone metabolism, 

abstinence from smoking or light smoking (less than one pack per day), managed periodontal 

disease, adequate oral hygiene, and presence of 2 mm keratinized tissue are all prerequisites.  

The following were the exclusion criteria: 1) active infection at implant sites; 2) severe 

bruxism; 3) uncontrolled periodontal diseases; 4) poor dental hygiene; 5) pregnancy; and 6) 

requirement for bone augmentation.  

Cone beam computed tomography (CBCT), a periapical film, and a panoramic radiograph 

were obtained for preoperative evaluation. After using a unique surgical template, the jaw 

was scanned using CBCT. On the basis of CBCT data, the implants were planned using 

Dicom data programme. The programme allows the clinician to choose the proper implant 

lengths and diameters for insertion as well as measure the average bone density in Hounsfield 

units at the implant sites. 

 

SURGICAL PROCEDURES 

After following a conventional drilling procedure, internal hex implants were inserted at 

healed sites. The preoperative CBCT examination performed by the same dentist who 

implanted all of the implants graded bone density (D1 to D4) according to Misch's 
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classification. Additionally, the bone density was confirmed by drilling feeling during 

osteotomy in accordance with Lekholm and Zarb's categorization. 30 rpm was the pace at 

which the implants were implanted using a surgical motor. Using a torque wrench, which 

allowed for the recording of the final insertion torque value, the implants were placed. The 

buccal alveolar crest level and the implant platform were put at the same elevation. 

RFA measurements were taken using the Osstell_ Mentor immediately following implant 

placement (primary ISQ) and postoperatively at 2, 3, 4, 5, 6, 9, 12, 18, and 24 months 

(secondary ISQ). For data processing, a sensor called Smart Peg was fastened to the implant 

fixture. The implant stability quotient (ISQ), which has a scale from 1 to 100, is a numerical 

measure used to represent RFA values. A low ISQ score indicates low implant stability, 

whereas a high value indicates excellent stability. Every time an implant was measured, it 

was in the buccal, lingual/palatal, mesial, and distal directions. The mean of the four 

measurements was then noted. 

All implant-supported crowns arrived four to five months after surgery. Screw-retained 

crowns or cement-retained crowns with lingual/palatal notches were created to make 

retrieving them easier for ISQ measurements. 

 

MARGINAL BONE LOSS 

After implant insertion and at postoperative 4, 7, 10, 12, 18, and 24 months, periapical 

radiographs were performed to assess marginal bone loss (MBL). To precisely assess MBL, 

standardised radiographs were taken using the paralleling approach and a placement jig made 

for each participant. Based on the ratio of the image to the actual length of the implant fixture 

placed, radiographic magnification was calibrated. It was measured how far the implant 

platform was from the marginal bone. At the planned follow-ups, the MBL was defined as 

the average of the mesial and distal values for each fixture. 

 

STATISTICAL ANALYSIS 

SPSS Statistics 22.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. T-test and 

analysis of variance (ANOVA) for multiple pairwise comparisons were performed to 

determine statistically significant differences. 

 

ASSESSMENT OF PERI-IMPLANT DISEASE 

Periimplantitis and peri-implant mucositis were evaluated for presence. BOP-free implants 

were seen as healthy. The broad disease definitions for peri-implant mucositis and peri-

implantitis were based on BOP and marginal bone loss parameters, where peri-implant 

mucositis was defined as the "presence of the clinical signs of inflammation of the 

periimplant mucosa that is bleeding upon probing with gentle force at the time of review 

examination without marginal bone loss" and peri-implantitis as the "presence of BOP in 

addition to loss of supporting bone. When one or more implant sites displayed BOP without 

concurrent bone loss, peri-implant mucositis was determined to be the cause. Based on two 

case definitions—(i) bone loss of more than 1 mm and a positive BOP, and (ii) bone loss of 

more than 2 mm and a positive BOP—peri-implantitis was identified. 

 

RESULTS  

The 45 patients who were a part of the current study ranged in age from 30 to 70, with a 

mean age of 52.06 years. The study's participants were 23 males and 25 women. None of the 

patients had any history of any particular habits. Twenty patients received care in the maxilla 

area, and 25 received care in the mandible area. In 45 patients, a total of 100 implants were 

inserted. The implants were distributed as follows: The maxillary anterior region received 25 

implants (25%), the maxillary posterior region 20 implants (20%), the mandibular anterior 
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region received 25 implants (25%), and the mandibular posterior region received 30 implants 

(30%).  

Following are the implant distributions based on bone density: In the D1 bone, 6 (6%) 

implants were inserted; in the D2 bone, 34 (34%) implants; in the D3 bone, 42 (42%) 

implants; and in the D4 bone, 18 (18%) implants. According to the CBCT bone study, 

implants with varying lengths of 10, 11, and 13 mm and varied diameters of 3, 3.5, 4, and 5 

mm were employed. The implants had a 100% survival rate during the 2-year follow-up since 

neither movement nor significant problems (such as screw or fixture fracture) were 

discovered. 

Table 1 displays the mean IT and primary ISQ of implants for various ages, genders, bone 

densities, implant diameters, and implant lengths. Compared to younger participants, patients 

over 50 reported lower results for the IT and primary ISQ. However, there were no 

statistically significant differences between the age groups in terms of mean IT and primary 

ISQ (P > 0.05). 

The differences between the genders in IT and primary ISQ were negligible. Males had 

higher primary and IT scores than females, but there were no discernible differences between 

the sexes (P > 0.05). The range of 20 to 50, with a mean of 30.50 5.25 Ncm. 

The IT of various bone kinds indicated significant variances. Implants positioned in locations 

with bone density of D1 or D2 had considerably higher IT than those positioned in D3 or D4 

regions. Significantly greater IT values were seen in implants with bigger diameters. 

However, implant length had no discernible effect on IT. 

The principal stability measurement's mean ISQ was 60.064.20 (interquartile range: 50 to 

80). High bone density (D1 or D2) and D4 bone density showed clear major ISQ differences. 

Primary ISQ between the diameters varied significantly (P 0.05), as well. The primary ISQ of 

implants with bigger diameters was higher. The principal ISQ was not significantly different 

across the range of implant lengths. After the surgery, for the first six months and beyond, 

there were no discernible changes in the secondary ISQ. Age, gender, bone density, and 

implant length differences in secondary ISQ at 6 and 24 months after surgery were minimal. 

Secondary ISQ was more influenced by implant diameter, but the differences were not 

significant. 

High positive associations between IT/bone density and primary ISQ/implant diameter were 

found using correlation analysis. IT/implant diameter, IT/primary ISQ, and primary ISQ/bone 

density all showed moderately positive associations. There was just a slender association 

between primary ISQ and implant length. A very slight association between IT and implant 

length was also discovered. 

At the immediate postoperative period, 4, 7, 10, 12, 18, and 24 months, minimal bone loss 

was recorded. Despite the fact that there was a statistically significant difference between the 

two time points (4 and 7 months), the MBL concentration at this time was so low that the 

difference might not have been clinically significant. In addition, no notable variations in 

MBL postoperative 1 year could be found.  

A total of 400 probing measurements were taken of the 100 implants in total. Average 

probing depths were 2.95 mm at the site level, 2.90 mm at the implant level, and 2.99 mm at 

the patient level, respectively. At least one implant site had BOP in 50 implants, or 50% of 

the total. As a result, the prevalence of peri-implant mucositis at the implant level was 50% 

and at the patient level it was 66.7% when one or more sites had BOP. It is possible to see a 

higher prevalence with various numbers of BOP-positive locations. 

With an ICC of 0.99, the inter-rater agreement for calibrating radiographic measures was 

quite good. Ten of the 100 implants had radiographs that were either unavailable or 

unsuitable for measurements. The remaining 90 implants' radiographic bone loss was 

computed. 63 implants had bone loss of less than 1 mm, 21 implants lost bone of less than 1 
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mm, and 6 implants lost bone of more than 2 mm. The most significant bone loss measured 

2.68 mm. Only three of the implants—out of the six with bone loss greater than 2 mm—

presented with BOP. As a result, the prevalence of peri-implantitis was 1.5% at the implant 

level and 3% at the subject level when it was defined as bone loss 2 mm and positive BOP.  

 

DISCUSSION  

In modern dentistry, missing teeth is matters of indifference as their best alternatives 

available is dental implant which is highly successful, long-lasting, comfortable, and also 

function like natural tooth. Dental implants made up of titanium have a unique property to 

fuse with the living bone called as “osteophilic property (osseo‑ bone, philic‑ loving)” thus 

becoming a part of the jawbone. Studies are going on in the field of dental implantology to 

achieve higher success rate for the patients seeking the surgery thus providing a better quality 

of life.
11,12

 

The replacement of missing teeth with implant-supported restorations has become an 

accepted treatment modality for partially and totally edentulous patients. According to 

clinical studies, the long-term survival of dental implants has exceeded 96%, which makes it 

a more accepted and sought treatment by our patients. A stable and aesthetic implant 

restoration can be achieved only through careful consideration of the biological principles of 

peri-implant hard and soft tissue healing, as well as the selection of an appropriate implant 

type and position.
13-15

 

Maligned implants often complicate the clinical laboratory procedures employed for 

fabrication of superstructures. Due to improper load distribution, an overall increase in stress 

concentration on supporting structures may occur. This may compromise the maintenance of 

the bone implant interface. Excellent outcomes with dental implants can be achieved by 

guided implant placement.
16,17

 

Inaccurate positioning of dental implants can cause aesthetic, biologic and prosthetic 

complications as high rates of crestal bone loss, screw loosening and fracture of prosthetic 

components. The advent of cone beam computed tomography (CBCT) has played a role in 

the development of guided surgery techniques.
18-20

 

Resonance frequency analysis (RFA) of implant stability was first proposed by Meredith in 

1996.23 It is a noninvasive and safe analytical tool for measuring implant stability at different 

time points with high reliability. RFA has been introduced into many basic researches to 

improve devices and has attracted considerable scientific interest. Application of RFA to 

assess implant stability during any period, to evaluate the effect of various types of loading, 

and to early diagnose implant failing can benefit clinical implant therapy and follow-ups. 

Together with IT measurement, RFA may provide more accurate and valuable information 

about the status of bone-implant interface and real implant stability. 

 

CONCLUSION  

Utilising insertion torque and resonance frequency analysis, clinical testing of implant 

stability is simple to carry out. The findings of this study imply that bone density and implant 

diameter were important factors in determining IT/primary ISQ. Primary ISQ had less of an 

effect on MBL than bone density and IT. 
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