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ABSTRACT
Objectives: To evaluate the influence of implant thread depth on implant stability and positional accuracy in fully guided im-
mediate implant placement.
Materials and Methods: Fifty-four patients received a reference tapered (BLT), a standard-thread (MST), or a deep-thread im-
plant (MDT). Fifty-four implants were placed using fully guided surgery and evaluated over 1-year follow-up. Primary outcomes 
were implant stability (insertion torque, ISQ, ISV). Secondary outcomes included positional accuracy and marginal bone level 
(MBL) at 12 months.
Results: Primary and longitudinal stability were comparable across groups. Insertion torque was highest for MDT implants, 
followed by MST and BLT implants (BLT: 35.28 ± 11.18; MST: 40.00 ± 11.88; MDT: 43.89 ± 10.92 Ncm; p = 0.062). A higher pro-
portion of MDT implants achieved insertion torque ≥ 40 Ncm (MDT: 14/18; MST: 12/18; BLT: 8/18). Angular deviation differed 
among implant groups (MDT: 5.57° ± 3.71°; BLT: 4.73° ± 2.46°; MST: 3.58° ± 1.81°; p = 0.062). In subgroup analysis comparing 
implants differing only in thread depth (MST vs. MDT), angular deviation was significantly greater for MDT (p = 0.029), particu-
larly in molar sites. At 12 months, MBL did not differ significantly among groups.
Conclusions: In fully guided immediate implant placement, deeper-thread implants showed higher insertion torque values but 
were associated with greater angular deviation, while longitudinal stability and marginal bone levels remained comparable. 
Deeper-thread designs may be beneficial when enhanced primary stability is required, provided careful angulation control is 
ensured.
Trial Registration: cris.​nih.​go.​kr Identifier: KCT0009402; This clinical trial was not registered prior to participant recruitment 
and randomization
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1   |   Introduction

Extensive research has focused on optimizing dental implant 
thread design, particularly thread shape, height, width, and 
pitch [1]. These features are known to affect primary stability, 
load distribution, and stress transmission at the bone–implant 
interface, especially in low-density bone. However, much of the 
existing evidence is derived from in vitro research, including fi-
nite element analyses and synthetic bone models which may not 
adequately reflect clinical conditions [2, 3].

Among the limited in  vivo data, studies conducted in healed 
ridges suggest that increased thread depths may enhance pri-
mary stability, as indicated by higher insertion torque and im-
plant stability quotient (ISQ) values [4, 5]. Nonetheless, whether 
these findings translate to more complex clinical scenarios re-
mains unclear.

As immediate implant placement has become increasingly 
popular [6–8], the relevance of implant macro-design has 
gained greater attention. Immediate implant placement may 
shorten treatment time, but it also poses unique anatomical 
challenges related to extraction socket morphology, which can 
compromise both implant stability and positional accuracy 
[9, 10].

Although the biomechanical principles underlying thread de-
sign are well established, their clinical relevance in immedi-
ate implant scenarios remains underexplored. Most available 
studies focus on healed ridges or controlled experimental con-
ditions, which do not replicate the complexity of extraction 
sockets. Prosthetically driven implant placement is essential for 
optimal restorative design, reduction of biological complications 
[11, 12], and achievement of stable long-term esthetic and clini-
cal outcomes.

While advances in digital planning and guided surgery have im-
proved placement precision, they may also introduce angular or 
positional deviations, especially in anterior regions or sites with 
narrow alveolar bone anatomy [13].

To date, no clinical study has comprehensively evaluated the 
dual effect of thread depth on both primary stability and po-
sitional accuracy under immediate implant placement condi-
tions. In addition, the long-term biological consequences of 
deeper threads, including their influence on marginal bone 
levels (MBL), remain poorly understood. Therefore, the aim 
of this randomized controlled trial was to assess the effect of 
increased thread depth on (1) primary stability, (2) positional 
accuracy, and (3) MBL during and after immediate implant 
placement in challenging clinical scenarios, with a one-year 
follow-up period.

2   |   Materials and Methods

2.1   |   Study Design

This single-blinded, randomized controlled clinical trial eval-
uated the effects of implant thread design on primary stabil-
ity, positional accuracy, and marginal bone level (MBL) over 

a 12-month period. Ethical approval was obtained from the 
Institutional Review Board of Yonsei University Dental Hospital 
(IRB No. 2-2020-0101), and the study was conducted in accor-
dance with the Declaration of Helsinki and the International 
Council for Harmonisation Good Clinical Practice (ICH-GCP) 
guideline. Although the trial was retrospectively registered at 
the Clinical Research Information Service (CRiS; KCT0009402) 
due to an administrative oversight, all clinical procedures and 
outcome assessments were conducted according to a predefined 
protocol established before the first patient enrollment, and no 
protocol modifications were made after study initiation. Patients 
were not involved in the study design or outcome selection. 
Three implant systems with a self-tapping, tapered, and SLA 
surface were evaluated:

•	 Reference tapered implant (BLT): Thread depth 0.30 mm 
(∅4.8 mm); Bone Level Tapered (Straumann, Basel, 
Switzerland)

•	 Standard-thread implant (MST): Thread depth 0.40 mm 
(∅4.8 mm); BLUEDIAMOND Regular Thread (Megagen, 
Daegu, South Korea)

•	 Deep-thread implant (MDT): Identical macro- and micro-
design to MST, differing only in thread depth (0.65 mm; 
∅4.8 mm); BLUEDIAMOND Deep Thread (Megagen)

Patients aged ≥ 19 years requiring immediate implant place-
ment after tooth extraction were recruited from the Department 
of Periodontology, Yonsei University Dental Hospital. Inclusion 
criteria required extraction sockets suitable for immediate 
placement with bone quality sufficient to achieve ≥ 20 Ncm in-
sertion torque. Exclusion criteria included heavy smoking (> 20/
day), pregnancy or lactation, uncontrolled systemic diseases, 
recent cancer therapy, or antiresorptive medication use. All par-
ticipants provided written informed consent prior to enrollment 
and were followed for 12 months unless early withdrawal or im-
plant failure occurred. This study was reported in accordance 
with the CONSORT 2025 guidelines for randomized controlled 
trials.

2.2   |   Sample Size and Randomization

Sample size was calculated with G*Power 3.1 based on expected 
differences in ISQ values [14], assuming an effect size 0.65, 
α = 0.05, and power = 95%. Fourteen implants per group were re-
quired. To account for a potential 20% dropout rate, 18 implants 
per group were enrolled.

Block randomization was used to ensure balance allocation. 
Allocation concealment was achieved using sealed opaque enve-
lopes, opened by the surgeon immediately before implant place-
ment. Participants were blinded to group assignment.

2.3   |   Surgical Procedures

Pre-extraction cone-beam computed tomography (CBCT) data 
were merged with intraoral scans (Trios 4; 3Shape, Copenhagen, 
Denmark) to perform three-dimensional virtual implant plan-
ning using dedicated software (R2GATE Planning; Megagen). 

 17088208, 2026, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/cid.70145 by Y

onsei U
niversity M

ed L
ibrary, W

iley O
nline L

ibrary on [07/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3 of 12Clinical Implant Dentistry and Related Research, 2026

Implants were planned in prosthetically driven positions. 
Implant diameter and length were selected to achieve apical 
and/or proximal engagement of native bone.

Surgical guides (non-metal sleeve type) with tripod stabilization 
were fabricated using three-dimensional printing. In cases where 
complete seating of the surgical guide could not be achieved due 
to limited mouth opening or guide instability, the surgeon could 
convert to a freehand approach to ensure patient safety and opti-
mal implant positioning. Such cases were defined as protocol de-
viations and were excluded from positional accuracy analysis but 
retained in stability analyses under ITT principles.

Immediate implant placement was performed using a guided, 
flapless approach following tooth extraction. The overall sur-
gical workflow is illustrated in Figure  1. When flap advance-
ment was required, a sulcular incision with a vertical releasing 
incision was made. Socket management was standardized ac-
cording to clinical criteria based on defect morphology observed 
after tooth extraction and implant placement.

Spontaneous healing was selected for intact extraction sockets 
with complete buccal and lingual plate integrity and horizon-
tal gap distance ≤ 2 mm [15]. Gap defect management (grafting 
without membrane coverage) was performed when a horizontal 
jumping gap > 2 mm was present between the implant surface 
and socket wall, but without vertical dehiscence or loss of buc-
cal plate continuity [16]. Guided bone regeneration (GBR) was 
performed when vertical or combined defects were identified, 
including buccal plate dehiscence ≥ 3 mm in height, absence 
of buccal wall support, or non-contained defects requiring 
membrane stabilization. In such cases, a collagen membrane 
(BioGide; Geistlich, Switzerland) was applied to achieve defect 
containment. All socket management decisions were made 
according to these predefined criteria to minimize treatment 
heterogeneity.

Customized healing abutments were designed using CAD 
software (Exocad DentalCAD; Exocad GmbH, Germany) and 
milled from prefabricated titanium blocks (BX5 milling ma-
chine; Megagen). Abutments were designed to seal the socket 
entrance and were selectively modified in cases requiring flap 
advancement to optimize soft tissue margins. Customized heal-
ing abutments were connected, and transmucosal healing was 
achieved in all cases.

Final insertion torque was recorded intraoperatively. Implant 
stability was assessed using resonance frequency analysis (ISQ; 
Osstell AB, Sweden) and damping capacity analysis (ISV; Any-
Check, Neobiotech, Korea). Postoperative intraoral scans were 
obtained using scan bodies for positional accuracy analysis. 
Sutures (6–0 monofilament; Monosyn, B. Braun) were placed 
when flaps were raised and removed after 10–14 days.

2.4   |   Prosthetic Procedures

Prosthetic management followed standard clinical protocols 
according to implant site and functional requirements. In an-
terior sites, removable provisional dentures were used during 
the initial healing period when appropriate to avoid loading of 
the implants. Definitive restorations were delivered ~3 months 
after surgery. They were predominantly screw-retained single 
crowns. However, in selected anterior cases where screw-
retained restoration was not feasible due to implant angula-
tion or limited prosthetic space, cement-retained crowns were 
provided. After delivery of the definitive prosthesis, removal 
was not routinely performed solely for research measurements 
in order to avoid unnecessary prosthetic complications and 
patient discomfort. In particular, removal of cement-retained 
restorations or small anterior crowns was avoided when it 
was considered clinically unfavorable. Consequently, some 
resonance frequency analysis (ISQ) measurements could not 

FIGURE 1    |    Clinical workflow of the study. (A) After atraumatic tooth extraction (B) after immediate implant placement (C) bone grafting or 
guided bone regeneration (GBR) was performed if needed. (D) Two weeks postoperative check-up with stitch out (E) representative follow-up photo 
of 12 months. Periodic follow-ups were conducted at 1 month, 3 months (prosthesis delivery), 6 months, and 12 months.
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be obtained at later follow-up visits. These missing measure-
ments reflect prosthetic workflow considerations rather than 
implant stability-related events.

2.5   |   Outcome Measures

Primary outcomes were measures of implant stability, includ-
ing insertion torque (intraoperative) and ISQ and ISV values ob-
tained immediately after placement and at 1, 3, 6, and 12 months 
postoperatively.

Secondary outcomes included positional accuracy of implant 
placement and marginal bone level (MBL) at 12 months. Positional 
accuracy was assessed by superimposing presurgical planning 
data with postoperative intraoral scans using 3D inspection soft-
ware (Geomagic Control X, 3D Systems, USA). Initial alignment 
and automatic best-fit registration were performed using stable ad-
jacent tooth surfaces as reference landmarks. The implant region 
and extraction socket area were excluded from the alignment pro-
cess to minimize bias related to surgical site changes. Deviations 
at the platform, apex, vertical position (mm), and angulation (°) 
were measured. All measurements were performed by a calibrated 
examiner blinded to implant group allocation.

MBL was assessed on standardized periapical radiographs 
obtained 12 months after implant placement. MBL was de-
fined as the vertical distance from the implant platform to the 
first bone-to-implant contact at the mesial and distal aspects. 
Measurements were calibrated using known implant length to 
correct for magnification. Negative values indicated bone lev-
els coronal to the implant platform, whereas positive values in-
dicated bone levels apical to the platform. MBL measurements 
represent absolute bone levels at the 12-month follow-up and 
were not calculated as changes from baseline radiographs. 
Measurements were performed in triplicate, and the mean value 
was used. All radiographic and 3D analyses were conducted by 
a single calibrated examiner (N.Y.K). Early implant failure was 
defined as lack of osseointegration confirmed clinically and ra-
diographically before prosthetic loading.

2.6   |   Statistical Analysis

Statistical analyses were performed using SPSS version 25 (IBM 
Corp., Armonk, NY, USA). Data normality was assessed using 
the Shapiro–Wilk test, and homogeneity of variances using 
Levene's test. For normally distributed data with homogeneous 
variances, one-way analysis of variance (ANOVA) was applied. 
Welch's ANOVA was used for normally distributed data with un-
equal variances, and the Kruskal–Wallis test for non-normally 
distributed data.

Longitudinal changes in implant stability (ISQ and ISV) were an-
alyzed using linear mixed-effects models to account for repeated 
measurements and missing data. An interaction term between 
thread group and time was initially included (thread group × 
time). Because no significant interaction was observed, the final 
models were fitted without interaction terms (ISQ: p = 0.399 
[ITT], p = 0.730 [PP]; ISV: p = 0.284 [ITT], p = 0.264 [PP]).

To specifically evaluate the effect of thread depth, a predefined 
subgroup analysis compared the standard-thread and deep-
thread groups, which differed only in thread depth. Depending 
on data distribution, comparisons were performed using inde-
pendent t-tests or Mann–Whitney U tests. A 2-sided p-value 
< 0.05 was considered statistically significant.

3   |   Results

3.1   |   Demographic Results

Baseline demographics are summarized in Table 1. The mean 
age was 60.8 ± 12.84 years. Gender distribution was balanced, 
and 90.7% were non-smokers. Fourteen percent of patients had 
controlled diabetes (HbA1c ≤ 6.8%). Most implants (63.0%) were 
placed in the mandible, especially in molar sites (53.7%). Bone 
graft usage was similar across groups and did not differ signifi-
cantly among groups (p > 0.05).

A total of 54 patients were enrolled and randomized to three 
groups (BLT, MST, MDT; n = 18 each, Figure 2). The study was 
conducted from August 2021 to May 2025.

Baseline ISQ/ISV was not recorded for 1 MDT implant. 
Although the implant met the initial stability criterion (> 30 
Ncm), its fixation relied primarily on a thin interradicular sep-
tum, which posed a risk of displacement during measurement. 
All other planned outcomes were collected. On participant in 
the BLT group was lost to follow-up and excluded from follow-up 
measurements. Three early implant failures occurred (MST: 1; 
MDT: 2). Serial ISQ measurements after prosthesis delivery 
were missing in 10 cases because the restoration could not be 
removed (BLT: 4; MST: 2; MDT: 4).

All 54 implants were included in intention-to-treat (ITT) anal-
ysis. For per-protocol (PP) analysis of ISQ, ISV, and MBL, early 
failures and cases with missing measurements were excluded. In 
three cases (BLT: 2; MDT: 1), conversion to freehand placement 
was required due to intraoperative guide instability or insuffi-
cient seating caused by limited mouth opening or mechanical 
distortion. According to the study protocol, these cases were 
considered protocol deviations and excluded from positional ac-
curacy analyses, but were retained in intention-to-treat analyses 
for stability outcomes.

3.2   |   Clinical Findings

All implants achieved an insertion torque of ≥ 20 Ncm and 
demonstrated clinical stability without rotational or pivotal 
movement during manual tightening. Transmucosal healing 
was uneventful, except for the 3 early failures. Minor postop-
erative symptoms such as swelling and pain resolved within 
2 weeks. The peri-implant mucosa healed without complica-
tions, and mucosal margin levels remained stable throughout 
the 12-month follow-up. No epithelial sloughing was ob-
served during early healing, and the surrounding soft tissues 
provided adequate sealing around the customized healing 
abutment.
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3.3   |   Implant Stability

The MDT group exhibited the highest mean insertion torque 
(43.89 ± 10.92 Ncm), followed by MST (40.00 ± 11.88 Ncm) 
and BLT (35.28 ± 11.18 Ncm). Although this difference ap-
proached statistical significance (p = 0.062), it represents an 
intergroup difference among implant systems. In the com-
parison of implants identical except for thread depth (MST 
vs. MDT), insertion torque was numerically higher in MDT. 
Analysis of insertion torque distribution further showed 
that, in the MDT group, all but five cases achieved 50 Ncm 
(Figure 3).

Longitudinal implant stability (ISQ and ISV) analyzed using 
linear mixed-effects models did not differ significantly among 
groups at any follow-up point (immediately, and at 1, 3, 6, and 
12 months after implant placement). Stability tended to in-
crease consistently over time, across all thread designs, with 
the greatest gains observed between 1 and 3 months and be-
tween 3 and 12 months after implant placement (Figure  4). 
These findings were consistent in both ITT and PP analyses 
(Table 2).

3.4   |   Positional Accuracy

MDT group showed the greatest angular deviation (5.57° ± 3.71°) 
compared to the other two groups (4.73° ± 2.46°, 3.58° ± 1.81° for 
BLT and MST group, respectively). Although overall intergroup 
differences approached statistical significance (p = 0.062), this 
represents variation among implant systems.

Subgroup analysis of matched implants (those differing only in 
thread depth, MST vs. MDT) showed that the MDT group had 
significantly greater angular deviation than the MST group 
(p = 0.029) indicating an effect of increased thread depth on an-
gular accuracy. This effect was more pronounced when molar 
sites were analyzed separately. Notably, the four largest angular 
deviations (10.40°, 9.42°, 9.32°, and 9.20°), all occurring in man-
dibular molar sites, were observed exclusively in the MDT group.

Vertical deviation was lowest in MDT (0.49 ± 0.54 mm) and 
highest in BLT (1.04 ± 0.86), but this difference did not reach 
statistical significance (p = 0.12). Platform and apex deviations 
did not differ significantly across groups (p = 0.45 and 0.46, re-
spectively) (Table 3 and Figure 5).

TABLE 1    |    Patient demographic characteristics of the study population.

BLT group (n = 18) MST group (n = 18) MDT group (n = 18) Total

Sex

Male 11 (61.1) 6 (33.3) 10 (55.6) 27 (50)

Female 7 (38.9) 12 (66.7) 8 (44.4) 27 (50)

Age 60.8 ± 11.63 62.3 ± 13.86 59.4 ± 13.50 60.8 ± 12.84

Smoking

Non smoker 18 (100) 15 (83.3) 16 (88.9) 49 (90.7)

Current smoker 0 (0) 3 (16.7) 2 (11.1) 5 (9.3)

Diabetes

On treatment 4 (22.2) 2 (11.1) 2 (11.1) 8 (14.8)

Never 14 (77.8) 16 (88.9) 16 (88.9) 46 (85.2)

Type of jaw

Mx 7 (38.9) 8 (44.4) 5 (27.8) 20 (37.0)

Mn 11 (61.1) 10 (55.6) 13 (72.2) 34 (63.0)

Surgical site

Anterior 3 (16.7) 2 (11.1) 4 (22.2) 9 (16.7)

Premolar 7 (38.9) 6 (33.3) 3 (16.7) 16 (29.6)

Molar 8 (44.4) 10 (55.6) 11 (61.1) 29 (53.7)

Extraction socket management

Spontaneous healing 5 (27.8) 4 (22.2) 5 (27.8) 14 (25.9)

Gap defect 9 (50) 8 (44.4) 9 (50) 26 (48.1)

GBR 4 (22.2) 6 (33.3) 4 (22.2) 14 (25.9)

Note: All diabetes patients are well controlled status showing HbA1C ≤ 6.8%. All current smoker patients smoke less than 10 cigarettes/day. The number in parentheses 
is the percentage of each variable.
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3.5   |   Radiographic Analysis and MBL

At 12 months, overall MBL was −0.40 ± 0.63 mm (BLT), 
−0.53 ± 0.85 mm (MDT), and −0.68 ± 0.84 mm (MST), with 
no significant differences between the groups (p = 0.65). 

Bone levels at the 12-month follow-up were generally located 
coronal to the implant platform across all implant groups. 
No significant intergroup differences were detected for me-
sial (p = 0.88) or distal (p = 0.60) bone levels (Table  3 and 
Figure 6).

FIGURE 2    |    Study design flowchart.

FIGURE 3    |    Box-and-scatter plots and stacked bar chart of insertion torque. (A) Box and scatter plots of insertion torque. (B) Stacked bar chart 
showing the distribution of insertion torque values, with MDT exhibiting a higher proportion at 50 Ncm.
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4   |   Discussion

This randomized clinical trial evaluated the combined effects 
of implant thread depth and guided surgery on primary and 
short-term implant stability, positional accuracy and marginal 
bone stability in immediate implant placement. The main find-
ings were as follows: (1) primary and longitudinal stability did 
not differ meaningfully among implant designs, although the 
deeper-thread implants (MDT) showed a higher proportion of 
sites achieving elevated insertion torque thresholds (≥ 40 Ncm); 
(2) deeper-thread implants (MDT) were associated with greater 
angular deviation, while overall placement accuracy remained 
within clinically acceptable limits across all sites; and (3) MBL 
remained stable over 12 months, with no differences attributable 
to thread depth.

All implants achieved insertion torque values within a clinically 
acceptable range (20–50 Ncm). Deeper-thread implants showed 
a consistent tendency toward higher initial stability, reflected by 
a greater proportion of sites reaching elevated torque threshold 
(≥ 40 Ncm). This observation is consistent with biomechanical 
principles suggesting that increased thread depth enhances 
bone-implant interlocking and thereby increases primary stabil-
ity [17] as well as with previous studies in healed ridges [4, 5] or 
synthetic bone models [14].

The anatomical variability inherent to extraction sockets likely 
contributed to these findings. Immediate implant placement 
often involves irregular socket walls, limited apical engagement, 

and thin and inconsistent septal bone, all of which can influence 
insertion torque independently of implant design. In mandibu-
lar molar sites, initial stability may rely primarily on a narrow 
septum. In such situations, implants may be inadvertently dis-
placed during seating, resulting in reduced initial torque de-
spite appropriate drilling protocols and implant geometry [18]. 
These site-specific challenges may limit the clinical expression 
of any theoretical mechanical advantage associated with deeper 
threads. Accordingly, in immediate implant placement, primary 
stability appears to be driven largely by local anatomy rather 
than thread depth alone.

Longitudinal stability, assessed using ISQ and ISV, increased 
steadily across all implant designs, indicating predictable os-
seointegration regardless of thread depth. The pronounced 
increase in stability between 1 and 3 months is in line with previ-
ously reported timelines for early bone remodeling [19, 20], and 
supports the feasibility of prosthetic loading at 3 months even 
under immediate placement protocols. The absence of differ-
ences among thread designs at any follow-up interval suggests 
that once early healing is established, thread depth has limited 
influence on the trajectory of longer-term implant stability.

Guided surgery yielded platform, apex, and angular devia-
tions within clinically acceptable ranges for all three implant 
designs, comparable to values reported in previous meta-
analyses and clinical studies (entry deviation: ~1.2 mm; apex: 
~1.5 mm; angular: 3°–5°) [9, 21, 22]. Importantly, earlier stud-
ies evaluated guided surgery in healed ridges, whereas the 

FIGURE 4    |    Median ISQ and ISV values across follow-up visits.
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present trial examined fully guided placement in extraction 
sockets, where socket morphology may compromise place-
ment accuracy. Experimental and cadaveric studies have 
demonstrated that early contact with cortical socket walls can 
deflect the implant from its planned trajectory [23–25]. The 
comparable overall positional accuracy across implant de-
signs in the present study suggests that guided surgery may 
mitigate, at least in part, the anatomical variability inherent 
to immediate implant placement.

Despite similar overall accuracy, deeper-thread implants 
demonstrated greater angular deviation than standard-thread 
implant in the subgroup analysis where macro geometry was 
otherwise identical. This finding is clinically relevant because 
residual socket walls particularly the palatal/lingual walls or 
interradicular septal may redirect the implant during insertion. 
Deeper threads may engage these structures more aggressively, 
increasing susceptibility to off-axis guidance and angular drift, 
particularly at low rotational drill speeds [13]. The occurrence of 

TABLE 3    |    Positional accuracy and marginal bone level measurements.

Positional accuracy (V2) Marginal bone level (V7)

Horizontal 
deviation (mm)

Vertical 
deviation 

(mm)

Angular 
deviation 
(degree)

Overall 
(mm) Mesial (mm) Distal (mm)Platform Apex

BLT 1.30 ± 0.80 1.71 ± 0.87 1.04 ± 0.86 4.73 ± 2.46 −0.40 ± 0.63 −0.56 ± 0.74 −0.24 ± 0.74

MST 1.01 ± 0.51 1.49 ± 0.70 0.64 ± 0.57 3.58 ± 1.81 −0.68 ± 0.84 −0.79 ± 1.05 −0.58 ± 0.95

MDT 1.13 ± 0.71 1.85 ± 0.94 0.49 ± 0.54 5.57 ± 3.71 −0.53 ± 0.85 −0.52 ± 1.03 −0.54 ± 0.93

p 0.46* 0.45* 0.12‡ 0.062† 0.65‡ 0.88‡ 0.60*

Note: Values are presented as average ± SD.
*p-value for ANOVA.
†p-value for Welch's ANOVA test.
‡p-value for Kruskal-Wallis test.

FIGURE 5    |    Schematic illustration and box-and-scatter plots for positional accuracy. (A) Schematic illustration of deviation measurements. (B–F) 
Box and scatter plots of positional accuracy.
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pronounced angular deviation (≥ 9°) exclusively in mandibular 
molar sites, in the MDT group highlights the for careful angula-
tion control when using deeper-thread implants in anatomically 
engagement with irregular socket walls. Three cases required 
intraoperative conversion to freehand placement due to guide 
instability or insufficient seating. These cases were excluded 
from positional accuracy analyses to avoid methodological bias. 
The occurrence of such conversions indicates that fully guided 
immediate implant placement may occasionally require intra-
operative modification.

Increased angular deviation may have relevant prosthetic and 
biological implications. Even moderate deviations can alter the 
trajectory of screw access channels, require prosthetic com-
pensation through angled abutments, or modify the restor-
ative emergence profile. Particularly in posterior molar sites, 
where interradicular septal support is limited, small angular 
discrepancies may be amplified during implant seating and 
could affect restorative space management. Furthermore, ex-
cessive restorative emergence angles have been compromised 
peri-implant tissue stability [26–28]. Although the angular de-
viations observed in the present study remained within ranges 
commonly reported for guided surgery and did not translate 
into detectable marginal bone changes at 12 months, the find-
ings suggest that deeper-thread designs may require height-
ened angulation control, especially in anatomically complex 
molar sites.

All implant thread designs demonstrated stable MBL at the 12-
month follow-up. Because MBL were evaluated as absolute bone 
levels at the 12-month examination, direct assessment of bone 
changes from implant placement was not performed. Stable 
MBL are well documented in healed ridges [29], whereas out-
comes following immediate implant placement remain debated 
[7], with higher risks reported in damaged extraction sockets. 
In the present study, MBL remained well preserved regardless 
of thread depth or the use of simultaneous bone augmentation, 
consistent with a recent clinical trial [30]. Although micro thread 
configurations have been associated with favorable marginal 
bone maintenance [31], the current findings suggest that under a 
guided immediate placement protocol, thread depth alone does 
not meaningfully influence early marginal bone stability.

Early implant failures occurred in the MST (1) and MDT (2) 
groups, consistent with reports indicating higher early fail-
ure rates for immediate placement compared with healed sites 
[6, 7, 32]. Compromised socket conditions, including limited 
bone volume and damaged socket walls, are known to impair 
primary stability and increase the risk of early osseointegration 
failure [33, 34]. In the present study, early failures appeared 
more closely related to local anatomical conditions than to im-
plant thread design, in line with recent observations [35, 36].

This study has limitations primarily related to the heterogeneity 
of the extraction sockets. Variability in socket damage, residual 

FIGURE 6    |    Periapical radiographs and box-and-scatter plots demonstrating marginal bone level. (A–D) Serially taken periapical radiographs. (E) 
Box and scatter plots of MBL at the 12-month follow-up.
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bone volume, and defect morphology may have influenced out-
comes independently of implant design, limiting the ability to 
isolate the effect of thread depth. Although criteria were applied, 
managing for residual variability in socket morphology may still 
represent a potential confounding factor inherent to immediate 
implant placement studies. Future studies with stratified socket 
classifications or controlled defect models would further clarify 
the role of thread design in immediate implant placement.

The BLT implant was included as a well-established implant 
system serving as a clinical reference comparator. Because BLT 
implants differ in macro-design and manufacturer from MST 
and MDT implants, comparisons involving BLT implants reflect 
differences between implant systems rather than isolated effects 
of thread depth. Therefore, interpretation of thread depth effects 
should rely primarily on the matched comparison between MST 
and MDT implants, while the three-arm comparison provides a 
broader clinical context and should be interpreted with caution.

5   |   Conclusion

Within the limitations of this study, implants with different 
thread depths demonstrated comparable primary and short-
term stability, as well as stable MBL, when placed using a fully 
guided immediate implant protocol. Although deeper-thread 
implants exhibited a tendency toward higher insertion torque, 
they were also associated with greater angular deviation, par-
ticularly in molar sites. Deeper-thread designs may therefore be 
considered as a potential option when enhanced primary stabil-
ity is required, but their use in extraction sockets warrants care-
ful attention to angulation control.
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