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Objectives: To evaluate the effect of over-preparation of implant osteotomies on marginal bone loss and radiographic bone-
loss patterns around implants placed bilaterally in the posterior mandible. 
Materials and Methods: A prospective bilateral clinical study was conducted in 30 partially edentulous adults. Each patient 
received at least two implants placed bilaterally in the posterior mandible, selected due to its intermediate bone density 
where both standard and over-preparation approaches may be clinically indicated. A total of 62 bone-level implants were 
placed: 31 with the manufacturer’s standard osteotomy and 31 with an over-prepared osteotomy. Allocation was 
performed pragmatically based on intraoperative clinical judgement (including bone density and drilling resistance), rather 
than randomization, with over-preparation more frequently applied in denser bone to reduce excessive compression; this 
approach may introduce selection bias. Insertion torque and implant stability quotient were recorded at placement. The 
same operator performed all radiographs and prosthetic treatment. Standardised periapical radiographs were taken at 
prosthesis delivery, six months and twelve months. Marginal bone loss was measured from implant shoulder to first bone 
implant contact. Bone-loss patterns were classified as horizontal, vertical crater-like, circumferential, or combined vertical-
buccal defects. Paired and mixed-effects analyses were applied to this dataset. 
Results: Over-prepared sites showed lower primary stability (insertion torque approximately 21 ± 6 newton centimetres; 
implant stability quotient 61 ± 5) than in standard sites (38 ± 7 newton centimetres; 72 ± 4). Mean marginal bone loss at six 
and twelve months was greater at over-prepared osteotomy sites (about 1.28 and 1.70 millimetres) than at standard sites 
(about 0.72 and 0.95 millimetres). Over-prepared sites showed a higher frequency of vertical crater-like, circumferential, 
and buccal dehiscence related bone loss patterns, whereas standard osteotomy sites predominantly exhibited horizontal 
remodelling or minimal change. 
Conclusions: Within the limitations of this non-randomised bilateral study model, over-preparation of osteotomies appears 
associated with reduced primary stability and increased, more vertical marginal bone loss at six and twelve months. Over-
preparation should be avoided when possible, and alternative strategies considered when primary stability is at risk. 
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Introduction  

Marginal bone loss around dental implants is a key 
indicator of long-term success and is associated with peri-
implant disease and implant failure when excessive. Early 
marginal bone loss during the first year has been linked to 
later peri-implantitis in recent reviews.1,2 Most 
contemporary systems report mean marginal bone loss 
around 0.5–1.5 millimetres in the first year, with smaller 
annual changes thereafter, which is generally considered 
physiological.3–6 

Multiple factors influence marginal bone loss, including 
implant–abutment connection, abutment height, prostheses 
type and bone augmentation.5–8 Surgical variables such as 
drill diameter, speed, irrigation and template design also 
affect temperature rise during osteotomy and can contribute 
to thermal injury of the cortical crest.9–11 Temperatures 
above critical thresholds and excessive mechanical trauma 
have been associated with impaired osseointegration and 
increased bone resorption.9,11,12 

The relationship between insertion torque and marginal 
bone loss is complex. Systematic reviews and meta-analyses 

have not demonstrated a consistent difference in marginal 
bone loss between high versus low or moderate insertion 
torque values when other conditions are favourable.13–17 

However, most clinical studies report implants placed in 
osteotomies prepared according to manufacturer 
recommendations, without intentional over-enlargement. 

Over-preparation of osteotomies where the final drill 
diameter is larger than recommended may reduce frictional 
engagement between implant threads and bone, decrease 
insertion torque and implant stability quotient, and permit 
greater micromotion during healing. In clinical practice, over-
preparation of osteotomies may be intentionally performed 
in situations of high bone density to reduce excessive 
compression of the cortical bone, facilitate implant insertion, 
and achieve more controlled insertion torque. This approach 
may also help maintain microcirculation by creating space for 
vascularization within the peri-implant bone, thereby 
supporting physiological bone healing.18  The effect of such 
over-preparation on marginal bone loss and, particularly, on 
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the pattern of bone loss (horizontal versus vertical or 
circumferential) remains insufficiently explored. 

In addition to the amount of marginal bone loss, the 
pattern of bone resorption is clinically relevant. Horizontal 
bone loss is often considered a more stable and physiological 
remodeling process, typically resulting in a uniform reduction 
of the crestal bone while maintaining peri-implant tissue 
architecture. In contrast, vertical or circumferential defects 
may lead to the formation of deeper peri-implant pockets, 
creating plaque-retentive areas that complicate oral hygiene 
and long-term maintenance. These defect configurations are 
more difficult to manage clinically and are more frequently 
associated with the initiation and progression of peri-implant 
diseases. Furthermore, the morphology of bone loss may 
influence treatment planning and prognosis, as vertical and 
circumferential defects often require more complex 
regenerative or surgical interventions compared to 
horizontal remodeling patterns.19,20 

The present study reports a prospective bilateral clinical 
series using Neobiotech implants with a 0.5 mm difference 
between drills, comparing standard and over-prepared 
osteotomies in the posterior mandible with six- and twelve-
month follow-up. 

Previous literature suggests that when thermal control is 
adequate and primary stability is acceptable, different drilling 
protocols (conventional, simplified, osseodensification or 
piezoelectric) do not necessarily increase marginal bone 
loss.12–15 However, these protocols generally respect the 
recommended implant osteotomy match. Limited data exist 
on what happens when the osteotomy is deliberately wider 
than recommended, which may occasionally occur in dense 
bone or inadvertently after repeated drilling. 

Neobiotech implant systems use drill steps with 0.5 mm 
increments. For a 4.0 × 10.0 mm implant, the manufacturer 
recommends a final drill diameter of 3.5 mm in most 
posterior mandible cases. Enlarging the osteotomy to 4.0mm 
reduces radial compression and likely decreases insertion 
torque, potentially modifying peri-implant bone response. 

Systematic reviews indicate that insertion torque alone is 
not a strong independent predictor of marginal bone loss 
when values remain within acceptable ranges and other 
factors such as bone quality, loading and prosthetic design 
are controlled.13–15 Furthermore, implants supporting fixed 
prostheses in non-augmented posterior sites may show 
similar marginal bone levels across different drilling 
approaches when thermal injury is minimized.5,6,13 

Materials and Methods 

Study Design and Ethical Approval 
This was a prospective bilateral comparative clinical study 

conducted in the posterior mandible. The study protocol was 
approved by the Al-Rafidain ethics committee (ID number: 
126/20 in 26 june 2025), and all patients signed informed 
consent. 

Participants 
Thirty adults (16 men, 14 women) with posterior 

mandibular partial edentulism were included. Each patient 
received two or more implants bilaterally (right and left 
sides), for a total of 62 implants. 

Inclusion and Exclusion Criteria  
Inclusion: 

 Age 20–75 years. 

 Healed posterior mandibular edentulous spans (≥3 
months). 

 Sufficient bone height and width for 4.0 × 10.0 mm 
implants without simultaneous augmentation. 

 Good oral hygiene (full-mouth plaque and bleeding index 
<20%). 
Exclusion: 

 Uncontrolled systemic disease or current antiresorptive 
medication. 

 History of head and neck radiotherapy. 

 Heavy smoking (>10 cigarettes per day). 

 Untreated periodontitis or parafunctional habits. 
Baseline characteristics are summarised in Table 1. 

 
Table 1. Baseline patient and implant characteristics 

Variable Value 

Number of patients 30 
Sex (men/women) 16/14 
Mean age ± standard deviation (years) 54.3 ± 8.9 
Smokers (<10 cigarettes per day), n (%) 6 (20.0) 
Total implants placed 62 
Implants per group (standard/over-prepared) 31/31 
Jaw region Posterior mandible (bilateral) 
Implant system Neobiotech, 4.0 × 10.0 mm 
Prosthesis type All fixed bridges 

 
Implant System and Osteotomy Protocols 
All implants were bone-level Neobiotech implants 

(Neobiotech Co., Ltd, Seoul, Korea), diameter 4.0 mm, 
length 10.0 mm, with a moderately rough surface. 

The Neobiotech drilling kit uses drills with 0.5 mm 
diameter increments. For 4.0 mm implants, the 
manufacturer recommends a final twist drill of 3.5mm in 

the posterior mandible. Two osteotomy protocols were 
used: 

 Standard osteotomy (control group): final twist drill 3.5 
mm to the full planned depth. 

 Over-prepared osteotomy (test group): final twist drill 
4.0 mm to the full planned depth (0.5 mm wider than 
recommended for that implant). 
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All osteotomies were prepared freehand (no guided 
surgery) using sharp drills at approximately 800 revolutions 
per minute with abundant external sterile saline irrigation. 

Allocation of Implants  
Cases were included and operated haphazardly 

(convenience sampling). The surgeon decided at chairside 
whether to use the standard or over-prepared protocol 
based on clinical judgement. There was no computer 
generated randomization and no blinding, to minimize 
baseline differences, implants were placed bilaterally 
within the same patients, thereby reducing inter-individual 
variability in bone quality and systemic factors. This split-
mouth–like design helps improve comparability between 
groups despite the absence of randomization. 

Every patient received implants prepared with at least 
one standard and at least one over-prepared osteotomy 
distributed bilaterally whenever possible, resulting in 31 
standard and 31 over-prepared implants. 

Surgical and Prosthetic Procedures 
All surgeries were carried out by the same experienced 

implant surgeon under local anaesthesia. using minimally 
invasive flaps or flapless approaches according to soft tissue 
conditions and available bone quantity. 

Primary Stability 

 Insertion torque was recorded in newton centimetres 
with a calibrated manual torque wrench. 

 Implant stability quotient was measured using an 
Osstell Beacon device (Osstell AB, Gothenburg, Sweden) 
in the buccolingual direction after implant placement. 
Implants with insertion torque lower than or equal to 15 

newton centimetres or implant stability quotient lower 
than 55 were allowed extended healing and not loaded 
early. 

After a healing period of approximately 8–10 weeks, all 
implants were restored with fixed restoration (cement 
retained crowns). Prosthetic treatment (impressions, 
framework try-in, delivery and occlusal adjustment) was 
performed by the same clinician who placed the implants. 

Radiographic Protocol and Marginal Bone Loss 
Measurements 

The operator also took all radiographs. Standardised 
periapical radiographs were obtained using the long-cone 
paralleling technique with customised holders and bite 
registration at: 

 Six months after loading. 

 Twelve months after loading. 

 Baseline: at prosthesis delivery. 
Digital measurements were taken from the implant 

shoulder (reference line) to the first visible bone–implant 
contact at mesial and distal aspects. The mean of mesial 
and distal values represented the marginal bone level for 
each implant. Marginal bone loss at each follow-up was 
calculated as the change in marginal bone level relative to 
baseline. 

Radiographic measurements were evaluated by an 
independent clinician holding an official certification in 
dental radiology, who was not involved in the surgical or 

prosthetic procedures and was blinded to the osteotomy 
protocol. To assess measurement reliability, repeated 
radiographic measurements were performed, and the 
intraclass correlation coefficient (ICC) was calculated. 

Statistical Analysis  
Data were analysed at implant level. Continuous 

variables (insertion torque, implant stability quotient, 
marginal bone loss) were described with mean and 
standard deviation. Categorical variables (bone-loss 
patterns) were presented as counts and percentages. 

Comparisons between standard and over-prepared 
implants within patients were explored with paired tests 
when appropriate. A mixed-effects (implant nested within 
patient) was used in the dataset to evaluate the effect of 
osteotomy type and time (six and twelve months) on 
marginal bone loss while accounting for the clustering of 
implants within patients. The significance level was set at 
0.05.  

Results 

Thirty patients (16 men, 14 women) completed the 
twelve-month follow-up. A total of 62 implants were 
placed: 31 standard osteotomy and 31 over-prepared 
osteotomy implants (Table 1). Females received 32 
implants and males 30 implants. All implants supported 
fixed bridge restorations. Insertion torque and implant 
stability quotient values are shown in Table 2. In this 
dataset, standard osteotomy implants demonstrated 
higher primary stability than over-prepared osteotomy 
implants: 

 Standard osteotomy: mean insertion torque 38 ± 7 
newton centimetres; mean implant stability quotient 72 
± 4. 

 Over-prepared osteotomy: mean insertion torque 21 ± 
6 newton centimetres; mean implant stability quotient 
61 ± 5. 
The differences were statistically significant in paired 

comparisons (p < 0.001 for both variables). Three over-
prepared implants had insertion torque lower than or equal 
to 15 newton centimetres, and eight had implant stability 
quotient lower than 60 at placement. 

Marginal Bone Loss at Six and Twelve Months 
In this study, marginal bone loss increased between six 

and twelve months in both groups but remained higher at 
over-prepared osteotomy sites (Table 3). 

 At six months, mean marginal bone loss was 
approximately 0.72 ± 0.32 mm for standard osteotomy 
implants and 1.28 ± 0.45 mm for over-prepared 
implants. 

 At twelve months, mean marginal bone loss was 
approximately 0.95 ± 0.41 mm for standard osteotomy 
implants and 1.70 ± 0.63 mm for over-prepared 
implants. 
The mean paired differences between over-prepared 

and standard osteotomy implants were around 0.56 mm at 
six months and 0.75 mm at twelve months (p < 0.001 for 
both) (Figure 1). In the mixed-effects model, osteotomy 
type remained an independent predictor of higher marginal 
bone loss after accounting for patient clustering. The 
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intraclass correlation coefficient (ICC) demonstrated 
excellent reliability (ICC = 0.89). 

No implant failures occurred during the twelve-month 
follow-up. 

Bone-loss Patterns at Twelve Months 
Analysis of bone-loss patterns at twelve months is listed 

in Table 4 and. Demonstrated clear differences between 
osteotomy types. Standard osteotomy sites predominantly 
exhibited horizontal remodeling (65 % of implants) or 
minimal change (23 %), with only a few sites showing 
vertical crater-like defects (10 %) or circumferential funnel-
shaped defects (3%). In contrast, over-prepared osteotomy 

sites more frequently presented vertical crater-like defects 
(42 %), vertical defects with buccal dehiscence (16 %), and 
circumferential funnel-shaped defects (16 %), while 
horizontal remodeling occurred in only 26 % of implants 
and no sites showed minimal change. These findings 
indicate that over-preparation is associated not only with 
greater marginal bone loss but also with a shift toward 
more complex vertical and circumferential defect patterns 
(Figure 2), which may have clinical implications for 
maintenance and long-term implant prognosis 

The pattern distribution differed significantly between 
groups in this analysis. 

 
Table 2. Primary stability according to osteotomy protocol 

Variable Standard Over p-value (paired) 

Insertion torque (newton centimetres) 38 ± 7 21 ± 6 <0.001 

Implant stability quotient at placement 72 ± 4 61 ± 5 <0.001 

Implants with insertion torque ≤15 newton centimetres 0 3 0.08 

Implants with implant stability quotient <60 1 8 0.01 

 
Table 3. Marginal bone loss at six and twelve months 

Time-point 
Standard  

(n = 31) marginal bone loss 
Over-prepared 

(n = 31) marginal bone loss 
Mean paired difference p-value (paired) 

6 months 0.72 ± 0.32 1.28 ± 0.45 0.56 <0.001 

12 months 0.95 ± 0.41 1.70 ± 0.63 0.75 <0.001 

 
Table 4. Bone-loss pattern at twelve months  

Bone-loss pattern 
Standard  

(n = 31), n (%) 
Over  

(n = 31), n (%) 

Minimal change (<0.5 mm) 7 (22.6) 0 (0.0) 

Horizontal saucerisation 20 (64.5) 8 (25.8) 

Vertical crater-like defect 3 (9.7) 13 (41.9) 

Vertical with buccal dehiscence component 0 (0.0) 5 (16.1) 

Circumferential funnel-shaped defect 1 (3.2) 5 (16.1) 

 

 

Figure 1. Amount of crestal bone loss, A: day one, B: 6 months follow up, C: 12 months follow up. 

 

 

Figure 2. The different patterns of crestal bone loss in 12 months follow up, A: horizontal bone loss, B: crater like 
vertical bone loss. 

 
Discussion  

This bilateral clinical series with Neobiotech implants 
suggests that over-preparation of osteotomies (final drill 
4.0 mm for a 4.0 mm implant) is associated with lower 

insertion torque and implant stability quotient at 
placement and with greater marginal bone loss and more 
vertical bone-loss patterns at six and twelve months. 
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Interpretation and relation to the literature 
The marginal bone loss values for standard osteotomy 

implants are in line with ranges reported for bone-level 
implants supporting fixed prostheses in non-augmented 
posterior sites.3–6 The higher marginal bone loss at over-
prepared osteotomy sites may reflect reduced mechanical 
engagement and increased micromotion during early 
healing, especially in dense posterior mandibular bone. 

Systematic reviews of insertion torque and marginal 
bone loss indicate no clear advantage of very high over 
moderate torque when other variables are controlled,13–

15 but these studies do not typically include osteotomies 
that are significantly wider than recommended. Over-
preparation may push torque and stability below the 
lower range considered safe for immediate or early 
loading, particularly in clinical situations with additional 
risk factors. 

It is important to recognize that low insertion torque 
can result from several factors, including bone quality, 
cortical thickness, implant design, or surgical technique, 
not solely from over-preparation. Previous studies have 
shown that implants placed with lower or moderate 
insertion torque may still achieve stable osseointegration 
without significant additional marginal bone loss.21,22 
Therefore, although reduced torque may contribute to 
increased bone loss in our study, it is not the only 
determinant, and careful surgical planning and 
appropriate implant selection remain critical to preserving 
peri-implant bone. 

Experimental and scoping reviews on heat generation 
during osteotomy have shown that drill diameter, depth, 
rotational speed, irrigation and drill wear all contribute to 
temperature rise.9,11,23 Using a larger final drill in dense 
cortical bone might require longer drilling time and higher 
friction, potentially increasing local thermal stress in the 
crestal zone where marginal bone preservation is most 
critical. 

The predominance of vertical and circumferential 
bone-loss patterns at over-prepared sites is clinically 
important. Vertical and crater-like defects are more 
difficult to maintain, may favour plaque retention and are 
often associated with peri-implantitis.1,2,9 Recognising that 
over-preparation can predispose to these patterns may 
help clinicians adjust their surgical protocols. 

Within the constraints of this design, the following 
practical implications can be considered: 

 For Neobiotech 4.0 × 10.0 mm implants, it is advisable 
to respect the manufacturer’s recommended final drill 
diameter of 3.5 mm in most posterior mandibular sites 
instead of enlarging the osteotomy to 4.0 mm without 
clear indication. 

 When an osteotomy becomes over-prepared and 
primary stability is low, clinicians may need to consider 
changing implant diameter or length, allowing longer 
healing, avoiding immediate loading or re-planning the 
case rather than forcing placement under inadequate 
stability. 

 Because the same clinician performed all radiographs 
and prostheses, attention to standardisation (same 

holder, angulation and exposure) is essential to reduce 
measurement variability.  

Limitation 
This study has limitations that should be considered. 

Implant allocation was based on intraoperative clinical 
judgment, taking into account bone density and cortical 
thickness to optimize primary stability, rather than 
randomization. While bilateral placement within the same 
patients helped minimize inter-individual variability and 
improve internal comparability, this approach may still 
introduce some selection bias. Additionally, the sample 
size was relatively accepted and focused on the posterior 
mandible because this area mostly needed for judgment, 
which may limit the generalizability of the findings. 
Despite these limitations, the careful standardization of 
surgical and prosthetic procedures, as well as rigorous 
measurement protocols, supports the reliability of the 
study outcomes. Future studies with larger, randomized 
samples are warranted to confirm these observations. 

Conclusion 

1. Over-prepared osteotomies prepared with a 4.0 mm 
final drill for 4.0 × 10.0 mm Neobiotech implants 
showed lower insertion torque and implant stability 
quotient than standard osteotomies with a 3.5 mm 
final drill. 

2. Over-prepared osteotomy sites exhibited greater 
marginal bone loss at six and twelve months compared 
with standard osteotomy sites. 

3. Over-prepared osteotomies were associated with a 
higher proportion of vertical and circumferential 
bone-loss patterns, while standard osteotomy sites 
mainly showed horizontal remodelling or minimal 
change. 
Surgeons should avoid unnecessary over-preparation 

and consider alternative strategies when primary stability 
is inadequate. 
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