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Abstract 

 
Background and Objectives: Dental implants have revolutionized oral rehabilitation. Primary 

implant stability (PIS) of dental implants is influenced by several factors, including bone quality, 

implant length and diameter. The reason for this research is to assess the correlation between (PIS) 

and implant dimensions (diameter and length) in relation to various bone types. 

Methods: In a cross-sectional observational study, 41 dental implants with different diameters and 

lengths were inserted into bones with different densities. Implant beds were prepared, and 

(PIS)was assessed using a novel damping capacity measurement device (AnyCheck) at the time 

of implant insertion. 

Results: Implants with a wider diameter exhibit a mean stability of 69.33 compared to a mean 

stability of 65 for implants with a narrower diameter. The disparity between these groups was 

statistically significant, with a p-value of 0.036, and longer implants exhibited greater stability, 

with a mean value of 70.79, compared to shorter implants, had a mean stability of 64.68. This 

difference was significant within statistical parameters, with a p-value of 0.018, Regarding bone 

quality, implants with good bone quality exhibited a mean stability of 69.6 compared to 67.43 for 

implants with poor bone quality, this observed difference did not reach statistical significance with 

a p- value of 0.82, with a 95%confidence interval. 

Conclusions: The findings indicate that increasing implant length and diameter significantly 

enhances (PIS), while bone quality did not significantly improved stability, underscoring the 

critical role of implant dimensions in achieving better treatment outcomes. 
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Introduction 
The field of clinical dentistry has expanded 

significantly with the science of dental 

implantology which became a key solution 

for restoring oral function in patients with 

complete or partial tooth loss. For both fixed 

and removable prostheses, the durability and 

reliability of dental implants over time have 

been extensively studied.1,2 Osseointegration 

is defined as "the apparent direct attachment 

or connection of osseous tissue to an inert, 

alloplastic material without intervening 

fibrous connective tissue.3 The absence of 

bone base movement in the axial, lateral, and 

rotational planes right after implant 

placement is known as PIS.4,5 PIS is one of 

the factors that influences the long- term 

survival of implants and the success of 

osseointegration, or its biometric stability 

immediately following insertion into the 

bone.4,6 The length, diameter, type of 

implants, amount and bone quality, the 

surgical procedure; and the size of the 

osteotomy in relation to the implant's 

diameter all play a role in implant primary 

stability.4,7 Often, dental implants come in a 

range of lengths from 6 mm to 20 mm. Since 

they approximately resemble the length of 

natural roots, 8mm to 15 mm implants are the 

most widely used sizes in dentistry.8,9 A 

normal- length implant is defined as the 

minimum implant length necessary to 

achieve consistent success, typically 

considered to range between 8- and 10-mm.10 

Many research investigations demonstrate 

that increasing the implant length 

substantially aids in reducing bone stress and 

enhancing implant stability in poor bone 

quality, such as type IV bone.11 The success 

rate of dental implant placement can be 

increased in high-quality bone by providing 

primary initial stability, promoting effective 

osseointegration during the healing process, 

and ensuring a more secure implant 

foundation.12 The jawbone structure is 

composed of two separate layers: an inner 

layer of porous cancellous bone with 

trabecular structures and an outer layer of 

dense cortical bone.13 Misch2 categorized 

bones as D1 to D4 based on how resistant 

they were to drilling. Furthermore, Misch 

suggested the use of computed tomography 

(CT) for the objective assessment of bone 

density measures in Hounsfield units (HU).14 

The objective of this study is to find out the 

effects of implant length and diameter on PIS 

and to identify the effect of bone type on 

primary implant stability. 

Patients and method 
In this cross-sectional observational study, 41 

dental implants of various diameters and 

lengths were placed different in bone 

densities. The study duration was 8 months 

from January 2024, carried out at Shorsh 

Teaching Dental Center in Sulaimani City. 

The surgical procedures were performed by a 

single surgeon, employing consistent surgical 

techniques and equipment to minimize errors 

associated with different operators. A total of 

30 participants took part in the study, 

comprising 10 males and 20 females, all aged 

between 30 and 60 years. The preparation of 

implant beds followed the specific guidelines 

provided by the manufacturer. To assess the 

PIS during their insertion, a novel device 

known as the Any Check was utilized, which 

measures PIS. The Implant Stability Quotient 

(ISQ), which ranges from 0 to 100 and is used 

to measure implant stability index, reflects 

greater stability and improved 

osseointegration with higher values. 

Preparation protocols varied based on 

implant size and standard techniques for 

implant bed preparation, emphasizing proper 

drilling methods. Precautions were taken to 

prevent overheating of bone tissue during 

drilling. Patients were selected as a 

candidates in our research, included patient 

criteria are (medical clearance for implant 

therapy ,sufficient bone volume at intended 

sites ,maintained oral hygiene standard) 

while excluded patient criteria are( 
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inadequate oral hygiene, insufficient bone 

volume minimum requirements:8mm length 

and 3mm diameter , insertion torque below 

25N/cm significant osseous defect, 

uncontrolled diabetes, immunocompromised 

status, coagulat ion disorders , history of 

radiation /chemotherapy, pregnancy). The 

preoperative analysis comprises a thorough 

review of the patient's complete medical 

history, followed by a comprehensive clinical 

examination. This is supplemented by 

clinical photographs that document the state 

of the patient. Subsequently, all participants 

underwent Cone Beam Computed 

Tomography (CBCT) to ensure consistency 

across the study. A designated radiography 

center, along with a qualified radiologist, was 

engaged to meticulously interpret and report 

the radiographic data, specifically focusing 

on the assessment of bone volume and the 

bone density classification (D1, D2, D3, D4). 

41 implant beds were prepared, with different 

diameters and lengths in different bone types 

densities according to the (CBCT) report; 

each preparation followed the manufacturer’s 

recommended protocol in which the 

preparations were specifically designed to 

suit a range of implant lengths and diameters, 

employing the established d method of 

implant bed preparation known as the drilling 

technique. Adherence to the manufacturer's 

suggested drilling protocol was meticulously 

observed, with careful measures 

implemented to prevent overheating the bone 

throughout the procedure, since high 

temperatures could potentially harm the bone 

cells. To prevent the risk of overheating, bone 

drills were precisely sharpened and operated 

at controlled speed and force. Continuous 

saline irrigation was applied at the implant 

site to further reduce heat generation.15 The 

implants were precisely positioned, ensuring 

the fixture was fully seated in its designated 

location using the specific screwing 

instrument from the corresponding implant 

system. After placing the implant fixture into 

its designated site by a ratchet, optimum 

torque was recorded for each implant. After 

securing the implant abutment to the implant 

fixture using a torque of 25 N/cm, the 

AnyCheck® device (Neobiotech Co., Ltd., 

Seoul, South Korea) was used. PIS is 

measured by this device as in this, Figure (1). 

 

 
 

Figure (1): implant stability meter 

that measures the stiffness of the alveolar 

bone and the implant interface 

 

The patient was positioned upright during the 

measurement procedure in compliance with 

the manufacturer’s instructions. The ISQ 

value was calculated by taking three separate 

measurements for each implant, serving as a 

metric for evaluating the stability index of 

bone-to-implant integration. A metal rod of 

the AnyCheck device, was precisely oriented 

perpendicular to the long axis of the implant 

abutment, with the start button situated at the 

top for optimal access. The tip of the tapping 

rod made gentle contact with the implant 

abutment, positioned at an angle ranging 

from 0° to 30°. The average of the three 

recorded measurements was then noted as 

PIS. The Kurdistan Higher Council of 

Medical Specialists ethics approval. (Issue 

No.: 1563, Date: 8/9/2022). Data analysis 

was conducted using SPSS Statistics 

software (version 26, IBM Corp). The 

Shapiro- Wilk test was used to assess the 

normality of continuous variables, and results 

indicated non- normal distribution. 
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Therefore, non-parametric tests were applied. 

Specifically, the Mann-Whitney U test was 

used to compare PIS values across different 

groups based on implant length (short vs. 

long), implant diameter (narrow vs. 

standard), and bone quality (good bone 

quality vs poor bone quality). A p-value < 

0.05 was considered statistically significant, 

and 95% confidence intervals were reported 

where applicable. 

Result 
The study involved 41 implants and assessed 

how the bone quality, implant diameter, and 

implant length individually affected implant 

stability. Given that the samples did not 

follow a regular distribution, we employed 

nonparametric tests for analysis. As detailed 

in Table (1), when comparing implant 

diameters, implants with a wider diameter 

exhibited a mean stability of 69.33, compared 

to a mean stability of 65 for implants with a 

narrower diameter. with a p-value of 0.036, 

the Mann-Whitney U test indicates 

statistically significant difference between 

these groups. 

 

Table (1): Comparing the implant stability between wider-diameter and narrower-diameter 
implants with their p-value 

 Implant stability  

Mean Mean rank Median p-value type of test 

Implant 

diameter 
Wide implant diameter 69.33 23.66 71 

0.036 
Mann- 

Whitney U test 
Narrow implant diameter 65 15.27 67 

 

Our study additionally assessed the impacts 

of implant length on stability. We found that 

longer implants have greater stability, with a 

mean value of 70.79, compared to shorter 

implants, which had a mean stability of 

64.68. with a p-value of 0.018, According to 

the Mann-Whitney U Test This difference is 

statistically significant, Table (2). 

 

Table (2): Comparing the implant stability between long implant length and short implant length 

with their p-value 
 

 Implant stability  

Mean Mean rank Median p-value type of test 

Implant length Long implant length 70.79 25.09 70.5 0.018 Mann-Whitney 

U test Short implant length 64.68 16.26 66 
 
 

When it came to the quality of bone, implants 

placed in high- quality bone showed higher 

mean stability than those placed in lower-

quality bone. However, this observed 

difference did not reach statistical 

significance. The reported p-value was 0.82 

accompanied by a 95% confidence interval, 

Table (3) and Figure (2). 

 

Table (3): Comparing the implant stability between wide implant diameter and narrow implant 

with their p-value 

 Implant stability  

Mean Mean rank Median p-value type of test 

Type of bone Good bone quality 69.6 21.75 69.5 0.82 Mann-Whitney U test 

Poor bone quality 67.43 20.76 69 
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Figure (2): Bar chart demonstrating the mean stability of implants among different type of 

bones, implant diameters and implant length 

 

Discussion 
Achieving primary implant stability is a 

fundamental objective in the clinical 

procedure of implant placement. This 

stability is crucial for determining the 

optimal timing for implant loading and plays 

a significant role in enhancing the overall 

success rate of implants.7 PIS mostly depends 

on how the implant and surrounding bone 

interact. An important factor determining 

implant overall stability is the contact 

between the bone and implant structure. The 

bone quality and the implant, more especially 

the implant length and diameter, are thought 

to have an effect on implant stability.16 The 

findings of this research indicate that implant 

length significantly affects PIS longer 

implants demonstrated higher stability, with a 

mean value of 70.79, compared to shorter 

implants, which showed a mean stability of 

64.68. With a p-value of 0.018 the difference 

was statistically significant the reason behind 

this is longer implant offers a larger surface 

area for osteointegration and can attach more 

bone which increase PIS, similar finding was 

reported by Barikanie et al. concluded that 

primary stability significantly increased with 

implant length increase.14 Regarding implant 

diameter in this study, implants with a wider 

diameter exhibited a mean stability of 69.33, 

compared to a mean stability of 65 for 

narrower implants. with a p-value of 0.036, 

this difference was statistically significant the 

reason behind this result is that the implant 

diameter is considered the most critical 

parameter for stress and load distribution and 

stress is applied to the implant shoulder and 

According to Ostman et al. since wider 

implants are more appropriately engaged 

with the buccal and lingual cortical plates, 

they exhibit more primary stability. while 

concerning bone quality, implants inserted in 

high-quality bone showed higher mean 

stability compared to those inserted in low-

quality bone. However, this difference was 

not statistically significant, with a p-value of 

0.82 the reason behind this result is the lack 

of statistical significance may be attributed to 

insufficient data, Since difficulties 

encountered throughout the clinical data 

collection process prevented the inclusion of 

further patients in our research ,However 

stability seen in high quality bone explained 

by existence of the cortex of bone 
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Furthermore, a finite element analysis by 

Winter et al. found a significant relationship 

between PIS and implant length, especially in 

cases with poor bone density.17 Similar 

findings were reported by Ostman et al. 

Based on the finding of this study, the high 

primary stability seen in high- quality bone 

may be explained by the existence of the 

cortex of the bone, which is 10-20 times more 

stiff than cancellous bone, consistent with 

numerous clinical studies.18,19,20 

Conclusion 
In this vivo study found that implants with 

greater (PIS) are longer in length and wider 

implants in dimension, and are placed in 

high-quality bone. while in our study bone 

quality did not significantly improved 

implant primary stability. 
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