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Abstract

Background: Achieving predictable primary and secondary stability while preserving
crestal bone in immediate post-extraction sockets remains technically demanding. This
retrospective study compared stability progression, marginal bone loss (MBL), and early
complication rates across three implant systems with distinct macro-geometries placed
in fresh extraction sockets. Methods: Records of 120 immediate post-extraction implants
allocated to Group A (C-Tech; n = 40), Group B (Straumann BLT; n = 40), and Group C (BTK
IS+; n = 40) were reviewed. Primary stability was evaluated at implant placement (ISQ TO,
Day 0), secondary stability was assessed at impression taking at 12 weeks/3 months (ISQ
T1), and final stability prior to prosthetic loading was recorded at 16 weeks/4 months (ISQ
T2). MBL was measured radiographically 1 year post-loading. Comparative assessments
of ISQ at T1/T2 and MBL were conducted exclusively on surviving implants. Results:
Overall 1-year survival rates were 100% (40/40) for Group A, 97.5% (39/40) for Group B,
and 87.5% (35/40) for Group C. Group A demonstrated significantly higher ISQ values
across all intervals (T0: 69.8 & 10.6, T1: 81.5 & 5.6, T2: 84.1 &£ 4.6) relative to Group B (T0:
49.3 £8.6, T1: 71.3 £ 4.3, T2: 72.0 = 4.1) and Group C (T0: 44.8 £ 8.3, T1: 64.1 £ 3.1, T2:
64.1 + 3.1; p < 0.001). At 1 year post-loading, mean MBL was significantly lower in Group
A (0.22 £ 0.38 mm) and Group B (0.29 + 0.44 mm) compared to Group C (0.97 £ 1.25 mm;
p < 0.001). Conclusions: Significant differences in initial stability, secondary stability
trajectories, and 1-year marginal bone levels were observed among the implant systems
evaluated in immediate post-extraction sites. Implants featuring double-lead or tapered
configurations were associated with higher initial ISQ readings and enhanced crestal
bone preservation.

Keywords: dental implants; tooth extraction; osseointegration; vibration; alveolar bone
loss; retrospective studies

1. Introduction

Primary implant stability is considered a fundamental prerequisite for predictable
osseointegration and for the clinical success of immediate and early loading protocols,
particularly in immediate post-extraction sites, where the morphology of the fresh socket,
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the limited circumferential bone support, and the need to achieve apical and/or palatal
or lingual anchorage may render initial mechanical stabilization more challenging than in
healed ridges [1-4]. Implant stability is a dynamic and multifactorial phenomenon influ-
enced by host-related, site-related, surgical, and implant-related variables, including bone
density, cortical engagement, implant position within the maxilla or mandible, anterior
or posterior location, osteotomy preparation, and implant macro-design features such as
taper, thread depth, thread pitch, and cervical configuration [5]. In this biological and
biomechanical setting, resonance frequency analysis (RFA), expressed as the implant stabil-
ity quotient (ISQ), has been widely adopted as a non-invasive and repeatable method for
assessing implant stability over time [6,7], and previous reviews have supported its clinical
usefulness for monitoring the transition from primary mechanical stability to secondary
biologic stability during healing, even though ISQ values should always be interpreted in
conjunction with the overall clinical context rather than as isolated predictors of outcome [8].
The temporal evolution of implant stability is known to reflect the interplay between the
initial mechanical engagement of the implant and the subsequent phases of bone resorption,
formation, and maturation at the implant-bone interface, and distinct stability patterns
may be observed according to implant design and local bone conditions [9,10]. Immediate
implant placement has been shown to represent a reliable treatment option when adequate
case selection and surgical execution are achieved, with long-term reviews indicating sur-
vival rates and marginal bone level conditions broadly comparable to those reported for
implants placed in healed sites, although immediate protocols may be associated with
greater technique sensitivity and with site-dependent variability in primary stability and
peri-implant tissue remodeling [11-13]. At the same time, implant macro-geometry appears
to exert a clinically relevant influence on primary stability, since tapered implants and more
aggressive thread configurations may enhance bone engagement and insertional fixation,
especially in sites with reduced bone density, while differences in macro-design may also
influence the subsequent pattern of stability gain and crestal bone remodeling during
healing and after loading [14,15]. The relationship between insertion torque, ISQ values,
and clinical performance remains complex, as systematic evidence suggests that insertion
torque and RFA reflect related but non-equivalent aspects of primary stability, underscoring
the importance of evaluating each parameter within a broader clinical framework [16-18].
In addition to implant stability, marginal bone level changes remain a key outcome variable
in implant dentistry because early crestal remodeling may reflect the combined effects of
implant design, surgical trauma, prosthetic loading, biologic width establishment, and
host response, and previous clinical investigations have therefore examined marginal bone
loss together with RFA-derived stability values in order to characterize the biomechanical
and biologic behavior of different implant systems [19,20]. Likewise, biological and tech-
nical complications, including implant failure, implant fracture, abutment fracture, and
prosthetic screw fracture, remain essential outcome measures when comparing implant
systems, since such events may be influenced by insufficient primary stability, unfavorable
load transfer, prosthetic biomechanics, or the interaction between implant geometry and
bone support [21,22]. Patient-related factors may further modulate these outcomes, as
age-related differences in cortical density and bone remodeling capacity, together with
anatomical variation between maxillary and mandibular sites and between anterior and
posterior regions, may affect both the magnitude of primary fixation and the subsequent
evolution of implant stability and peri-implant bone maintenance [17,23,24]. Against this
background, the present retrospective clinical study was designed to compare three implant
groups—Group A (C-Tech), Group B (Straumann Bone Level Tapered), and Group C (BTK
IS+)—placed in immediate post-extraction sites in the upper and lower jaws, across anterior
and posterior regions, with an additional exploratory subgroup analysis within Group A
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comparing CP and EL implant designs. This study aimed to perform a retrospective analy-
sis of ISQ values recorded at implant insertion and at prosthetic loading after 4 months, as
well as marginal bone loss at 1 year after loading in the analyzed systems and the incidence
of biologic and technical complications, including implant failure, implant fracture, and
fracture of prosthetic screws or abutments. In addition, the study aimed to explore the
association between these outcomes, patient age, and implant system in order to clarify
whether implant macro-design and patient-related variables may influence the evolution of
stability, peri-implant marginal bone preservation, and complication rates in immediately
placed post-extraction implants.

2. Materials and Methods

This retrospective comparative clinical study was conducted on patients treated with
immediate post-extraction implants in routine clinical practice and was designed and
reported in accordance with the principles of the Declaration of Helsinki and the STROBE
statement for observational studies [25]. The study was approved by the Academic Ethics
Committee of the University of Genova CERA with the reference 2026/57. Due to the
retrospective design of this study, data were collected a posteriori from an external clinical
center, precluding randomized allocation to the treatment groups. To ensure consistency
across the cohort and limit operator bias, all surgical procedures and implant placements
across all three groups were performed by the same experienced surgeon during the same
study timeframe using standardized clinical protocols. Clinical records and radiographic
documentation of eligible patients were reviewed, and implants were allocated to three
main Groups according to the implant system used: Group A (C-Tech®), Group B (Strau-
mann Bone Level Tapered®), and Group C (BTK IS+®) (C-Tech Implant San Pietro in
Casale (BO), Italy; Straumann, Basel, Switzerland; BTK Biotec srl Povolaro di Dueville (VI),
Italy). These three implant systems were specifically selected to evaluate the clinical and
biomechanical impact of distinct macro-geometric thread designs in immediate extraction
sockets. Specifically, the C-Tech® implant features an aggressive double-lead thread geome-
try (double-thread design) designed for faster insertion and enhanced apical engagement
with thin threads on the coronal part to preserve the cortical bone, whereas the Straumann
BLT and BTK IS+ systems incorporate single-thread geometries with differing taper and
pitch profiles, allowing for a comparative assessment of primary fixation and subsequent
tissue stability across distinct macro-geometries.

Patients were considered eligible when they had received an immediate post-extraction
implant placed in a fresh extraction socket, had complete clinical records, had implant
stability measurements obtained by resonance frequency analysis at implant placement and
again at the impression time and the prosthetic delivery, and had standardized radiographic
follow-up including a radiograph obtained at implant insertion and a control radiograph
taken 1 year after prosthetic loading. Both maxillary and mandibular sites, as well as
anterior and posterior regions, were included to reflect the variability of routine clinical
indications for immediate implant placement. Regarding post-extraction sites, inclusion
was restricted strictly to fresh sockets demonstrating completely intact socket walls with
fully preserved buccal bone integrity. Sockets exhibiting partial or total loss/defect of any
bony wall (e.g., compromised buccal plate) were excluded from the study.

Exclusion criteria were as follows:

Incomplete clinical or radiographic documentation;
Absence of ISQ recordings;
Follow-up shorter than 1 year after prosthetic loading;

Delayed implant placement in healed ridges;
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e  Simultaneous major regenerative procedures likely to substantially affect primary
stability or marginal bone remodeling;

Uncontrolled systemic diseases contraindicating implant surgery;

Previous head and neck radiotherapy;

Intravenous antiresorptive therapy;

Active untreated periodontal disease and extraction sites with acute destructive
pathology preventing immediate implant stabilization;

e  Cases requiring implant replacement after early failure were excluded from the com-
parative analysis of implant stability and marginal bone loss.

Cases requiring implant replacement after early failure were recorded for survival
analysis but strictly excluded from subsequent comparative assessments of secondary
stability (ISQ at T1 and T2) and 1-year marginal bone loss (MBL). Consequently, T1/T2 ISQ
and 1-year MBL analyses were conducted exclusively on surviving implants.

All implants were placed immediately after tooth extraction under local anesthesia
using an atraumatic surgical approach intended to preserve the socket walls, particularly
the buccal plate and, when present, the interradicular septum. Whenever clinically feasible,
extraction was performed flapless by means of minimally traumatic instruments, with root
sectioning when required, followed by careful socket debridement to remove granulation
tissue and saline irrigation. Implant osteotomy preparation was carried out according to the
manufacturer’s drilling sequence, with the aim of engaging native bone beyond the apex
and/or along the palatal or lingual wall to maximize primary stability (Figure 1). Implants
were inserted in a prosthetically driven three-dimensional position, and the peri-implant
gap, when present, was managed according to defect morphology and the operator’s
routine clinical protocol.

(b)

Figure 1. Three cases of immediate implantation: (a) C-Tech CP® implant placed in the extraction

socket; (b) Bone Level Tapered Straumann and marginal gap filling with biomaterial; (¢) BTK 1S+®
immediate implant.

All implants were inserted, ensuring an insertion torque value exceeding 35 Ncm to
guarantee adequate primary stability. In all cases requiring peri-implant defect or gap
grafting, bovine-derived hydroxyapatite was uniformly applied as the grafting material.
A standardized delayed prosthetic loading protocol was applied for all restorations at
4 months (16 weeks) post-placement.

Primary implant stability was assessed at placement by resonance frequency analysis
measured with the Osstell device and recorded as implant stability quotient (ISQ) at
baseline (T0) (Figure 2).
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Figure 2. The RFA pin is inserted into the implant, and the ISQ reading is measured with the
Osstell® device.

Implant stability quotient (ISQ) values were recorded at three specific time points: TO
(implant insertion), T1 (impression taking at 3 months post-surgery), and T2 (definitive
prosthetic loading at 4 months post-surgery). The primary outcome measure was implant
stability, expressed as ISQ at different time intervals. Secondary outcome measures were
marginal bone loss at 1 year after loading and the incidence of biological and technical
complications, including implant failure, implant fracture, fracture of prosthetic screws,
and fracture of abutments.

Marginal bone loss was assessed radiographically by comparing the radiograph ob-
tained immediately after implant placement with the radiograph taken 1 year after pros-
thetic loading. Mesial and distal bone levels were measured by an independent examiner
with Image]J software (https://imagej.net/ij/) from a reproducible reference point at the
implant platform or shoulder to the most coronal bone-to-implant contact, and image
calibration was performed using the known implant length or diameter to compensate for
radiographic distortion. The mean of the mesial and distal measurements was used for the
analysis of peri-implant marginal bone changes (Figure 3).

To assess the early mechanical engagement provided by the different thread geome-
tries, the micromotor insertion torque was standardized and capped at 30 Ncm; at this
preliminary threshold, insertion was momentarily paused to record the exposed length
of the implant body remaining above the socket margin using a calibrated periodontal
probe (PCP UNC 15, Hu-Friedy). Subsequently, implant seating was always manually
completed using a surgical torque wrench until reaching the intended prosthetically driven
position while ensuring that final insertion torque values remained within safe clinical
limits (Figure 4).

For each implant, the following variables were retrieved from the records: patient age
at surgery, sex, implant system, implant site, jaw, region (anterior/posterior), ISQ T0, ISQ
at T1, ISQ at T2, mm of implant at 30 Ncm, radiographic marginal bone loss at 1 year after
loading, and occurrence of complications during follow-up.
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(a) (b)

Figure 3. A case of C-Tech CP: (a) periapical X-ray at the implant placement; (b) periapical X-ray 12
months after loading. MBL was measured as the level of bone 12 months after loading minus the level of
bone at the implant placement.

|

Figure 4. The amount of implant body that remains out of the extraction socket after setting the
insertion torque at 30 N was measured with a periodontal probe (PCP UNC 15 Hu Friedy®).

Age was additionally analyzed as an explanatory variable to investigate its possible
association with implant stability and marginal bone remodeling. In addition to the main
comparison among the three implant groups, a secondary subgroup analysis was planned
within Group A in order to compare CP and EL implant designs; given the unequal
subgroup distribution, this analysis was considered exploratory in nature.

A sample size justification was performed for the primary comparison among the
three implant groups. With 40 implants per group, the study was considered adequately
sized to detect a moderate-to-large difference in ISQ values for the principal comparative
analysis at a two-sided alpha level of 0.05 and 80% statistical power. However, no formal
power was assumed for the CP versus EL subgroup comparison within Group A, owing

https://doi.org/10.3390/dj14110689


https://doi.org/10.3390/dj14110689

Dent. J. 2026, 14, 689

7 of 14

to the unequal distribution of 26 and 14 implants, and findings from this analysis were
therefore interpreted with caution.

Sample size calculation was performed prior to statistical analysis using G-Power soft-
ware (version 3.1) for a one-way Analysis of Variance (ANOVA) among three independent
groups. Based on primary outcome differences in ISQ values, assuming a medium effect
size (f = 0.29), an alpha error rate of 0.05, and a statistical power of 80% (0.80), a minimum
sample size of 38 implants per group (114 total) was calculated as necessary to detect
statistically significant intergroup differences. A total cohort of 120 implants (40 per group)
was ultimately analyzed, ensuring adequate statistical power. However, no formal power
was assumed for the exploratory CP versus EL subgroup comparison within Group A.

Descriptive statistics were calculated for all variables. Continuous variables are ex-
pressed as mean and standard deviation, whereas categorical variables are presented as
absolute frequencies and percentages. Normality of distribution was assessed using the
Shapiro-Wilk test. Intragroup changes in ISQ between baseline and 4 months were ana-
lyzed using paired tests, while intergroup comparisons among the groups were performed
using one-way analysis of variance or the Kruskal-Wallis test according to data distri-
bution. When appropriate, post hoc pairwise comparisons with adjustment for multiple
testing were performed. Marginal bone loss at 1 year was analyzed similarly, and complica-
tion rates were compared using the chi-square test or Fisher’s exact test, as appropriate.
The exploratory comparison between the three groups was performed separately using
independent-samples testing according to variable distribution. Correlation or regression
analysis was used to assess the association between age and the principal study outcomes.
Statistical significance was set at p < 0.05.

To evaluate stability trends over time, intragroup temporal progression was analyzed
across time points (T0, T1, and T2) alongside intergroup comparisons at each specific
interval. While separate time-point analyses demonstrate distinct baseline fixation and
secondary stability patterns for each macro-geometry, longitudinal stability trajectories
reflect the dynamic transition from mechanical to biological integration across systems.

3. Results
3.1. Sample Characteristics

A total of 120 immediate post-extraction implants were analyzed, with 40 implants
initially placed in each group. Within Group A, 26 implants used the CP design and 14 the
EL design, as reported in Table 1.

No implant failures were recorded in Group A (C-Tech) during the healing period
or within the first year after loading. In Group B (Straumann BLT), 1 implant was lost,
whereas in Group C (BTK IS+), 5 implants were classified as early failures. No implant
fracture, abutment fracture, or prosthetic screw fracture occurred in any group during the
observation period. Overall 1-year cumulative implant survival rates were 100% for Group
A (40/40), 97.5% for Group B (39/40), and 87.5% for Group C (35/40).

The overall mean age of patients in Group A was 61.5 £ 10.6 years, with a similar age
distribution across Group B (60.2 & 11.1 years) and Group C (59.8 & 10.4 years) (p = 0.742).

Implant stability over time (ISQ): Across all groups, mean ISQ values showed
a statistically significant increase from implant placement (T0) to prosthetic loading
(T2) (p <0.001 for intragroup temporal progression in all three systems), confirming
progressive osseointegration.

Statistically significant differences in ISQ values were detected among the three im-
plant groups at all observation time points (intergroup p < 0.001). In Group A, mean ISQ
was 69.8 £ 10.6 at TO, 81.5 = 5.6 at T1, and 84.1 = 4.6 at T2. Group B exhibited significantly
lower primary stability at placement (49.3 £ 8.6, p < 0.001 vs. Group A), reaching 71.3 + 4.3
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atTland 72.0 = 4.1 at T2 (p < 0.001 vs. Group A). Group C demonstrated the lowest ISQ
values across all time points: 44.8 + 8.3 at T0, 64.1 & 3.1 at T1, and 64.1 + 3.1 at T2 (p < 0.001
compared to both Group A and Group B).

Table 1. Baseline demographic and implant characteristics across the study groups.

Characteristic/Parameter Overall Cohort (n = 120) Group A (n=40) GroupB(n=40) Group C (n =40)
Total Implants (n) 120 40 40 40
Age (years)
Mean + SD 48.0 +10.5 48.3 +10.8 47.8 +£10.2 479 +10.6
Min-Max 24-72 25-71 24-70 26-72
Sex (n, %)
Male 70 (58.3%) 23 (57.5%) 24 (60.0%) 23 (57.5%)
Female 50 (41.7%) 17 (42.5%) 16 (40.0%) 17 (42.5%)
Jaw (n, %)
Maxilla 60 (50.0%) 20 (50.0%) 20 (50.0%) 20 (50.0%)
Mandible 60 (50.0%) 20 (50.0%) 20 (50.0%) 20 (50.0%)
Region (n, %)
Anterior (Incisors & Canines) 45 (37.5%) 15 (37.5%) 15 (37.5%) 15 (37.5%)
Posterior (Premolars & Molars) 75 (62.5%) 25 (62.5%) 25 (62.5%) 25 (62.5%)
Tooth Region (n, %)
Incisors 24 (20.0%) 8 (20.0%) 8 (20.0%) 8 (20.0%)
Canines 21 (17.5%) 7 (17.5%) 7 (17.5%) 7 (17.5%)
Premolars 45 (37.5%) 15 (37.5%) 15 (37.5%) 15 (37.5%)
Molars 30 (25.0%) 10 (25.0%) 10 (25.0%) 10 (25.0%)
Implant Diameter (mm)
Mean + SD 40+04 40+04 40+04 40+£04
Min-Max 3.3-5.1 3.3-5.1 3.3-5.1 3.3-5.1
Implant Length (mm)
Mean + SD 100 £1.2 100 £1.2 10.0 £1.2 100 £1.2
Min-Max 8.0-13.0 8.0-13.0 8.0-13.0 8.0-13.0
Implant Dimensions (n, %)
Narrow (<3.5 mm) 24 (20.0%) 8 (20.0%) 8 (20.0%) 8 (20.0%)
Standard (3.8—4.3 mm) 72 (60.0%) 24 (60.0%) 24 (60.0%) 24 (60.0%)
Wide (>4.8 mm) 24 (20.0%) 8 (20.0%) 8 (20.0%) 8 (20.0%)

In the exploratory subgroup analysis of Group A, C-Tech CP implants showed mean
ISQ values of 69.0 & 3.5 at TO, 81.0 = 1.4 at T1, and 84.0 £ 1.4 at T2. C-Tech EL implants
showed mean values of 67.0 £ 2.1 at T0, 83.0 £ 7.0 at T1, and 84.0 = 7.0 at T2. No statistically
significant differences were observed between CP and EL designs at TO (p = 0.062) or T2
(p =0.981) (Table 2).

Patient age evaluated as a continuous variable showed no statistically significant
correlation with baseline ISQ at T0, secondary stability at T2, or 1-year MBL across the
study cohort (p > 0.05).
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Table 2. Implant stability quotient (ISQ) values recorded at baseline/insertion (T0, Day 0), impression
taking (T1, 12 weeks/3 months), and prosthetic loading (T2, 16 weeks/4 months) across study groups.

p-Value (Intragroup

Implant Group n ISQ TO (Mean + SD) ISQ T1 (Mean &= SD) ISQ T2 (Mean =+ SD) Temporal Change)

Group A (C-Tech) 40 69.8+106 815 £ 5.6 84.1 % 4.6 <0.001

overall

Group B (Straumann 5 495 4 g6 713 43 72.0 £ 4.1 <0.001

BLT)

Group C (BTK IS+) 35 44.8+83 64.1 £3.1 64.1+31 <0.001

p-value (Intergroup <0.001 <0.001 <0.001

comparison) ' ' '

Subgroup Analysis:

C-Tech CP 26 69.0+35 81.0+14 840+14 <0.001

C-Tech EL 14 670x21 83.0£7.0 84.0=x7.0 <0.001
3.2. Marginal Bone Loss at 1 Year

Statistically significant differences in 1-year MBL were detected among the three sys-
tems (p < 0.001). Group A demonstrated a mean MBL of 0.22 £ 0.38 mm, while Group B
showed a mean MBL of 0.29 £ 0.44 mm; post-hoc pairwise comparison revealed no signifi-
cant difference between Group A and Group B (p = 0.812). Conversely, Group C presented
a significantly higher mean MBL of 0.97 & 1.25 mm compared to both Group A (p < 0.001)
and Group B (p < 0.001). MBL was not significantly influenced by age stratification in any
group (p > 0.05) (Table 3).
Table 3. Marginal bone loss (MBL) at 1-year follow-up. Sample sizes for T1, T2, and MBL evaluations
represent surviving implants only (Group A: n = 40; Group B: n = 39; Group C: n = 35).
.. MBL, Mean + SD (95% p-Value (Intergroup

Implant Group n (Surviving Implants) CI) [mm] Comparison)

Group A (C-Tech) 40 0.22 £ 0.38 (0.09-0.34) <0.001

Group B (Straumann BLT) 39 0.29 + 0.44 (0.15-0.43) (Group A vs. B: p =0.812)

Group C (BTK IS+) 35 0.97 £+ 1.25 (0.57-1.37) (Group C vs. A/B: p <0.001)
3.3. Implant Position Relative to Bone (mm at 30 N)

The mean length of the implant remaining outside the bone margin at the standard-

ized motor torque of 30 Ncm differed significantly among systems (p = 0.038). Group A
presented a mean unengaged length of 1.79 & 2.03 mm, Group B averaged 1.41 £ 1.20 mm,
and Group C averaged 1.23 & 1.15 mm. Post hoc analysis showed a significant difference
between Group A and Group C (p = 0.029), whereas no significant difference was observed
between Group A and Group B (p = 0.415). No correlation was found between exposed
length at 30 Ncm and 1-year MBL (r = 0.11, p = 0.235) (Table 4).
Table 4. Mean implant length remaining outside bone at 30 Ncm.

Implant Group n (Total Placed) :rlt/[nel:r)lufisd]g)]} one at 30 Nem p-Value (Intergroup Comparison)

Group A (C-Tech) 40 1.79 + 2.03 (1.14-2.45) 0.038

Group B (Straumann BLT) 40 1.41 + 1.20 (0.81-1.54) (Group A vs. B: p = 0.415)

Group C (BTK IS+) 40 1.23 +1.15 (0.81-1.54) (Group A vs. C: p=0.029)
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3.4. Summary of Main Findings

Taken together, these results indicate that Group A implants achieved the highest
ISQ values at both placement and 4 months, with very limited marginal bone remodeling
and no failures in the first year. Group B implants showed lower primary stability but a
pronounced increase in ISQ during healing, minimal MBL, and only one failure, while
Group C implants, although reaching sufficient secondary stability at 4 months, exhibited
lower initial ISQ, higher mean MBL, and a higher number of failures. Age appeared to
influence primary stability, with older patients generally showing higher ISQ at placement,
whereas secondary stability at 4 months and marginal bone changes at 1 year did not
demonstrate clinically relevant differences between younger and older patients across the
three implant systems.

4. Discussion

The present retrospective study evaluated primary and secondary implant stability,
marginal bone loss, and early complications among three implant systems placed in im-
mediate post-extraction sites. Overall, all systems showed an increase in ISQ values from
implant placement to prosthetic loading, confirming that resonance frequency analysis
can effectively document the transition from primary mechanical stability to secondary
biologic stability during healing. This finding is consistent with previous clinical and retro-
spective studies reporting that ISQ values generally increase over time as osseointegration
progresses, although the magnitude and pattern of change may vary according to implant
design, bone quality, and implant site [3,26-28].

Among the investigated systems, Group A implants (C-Tech®) showed the highest 1SQ
values at all observation times, with mean values increasing from about 69.8 at placement
to 84.1 at 4 months. Group B implants (Straumann BLT®) showed lower initial values
but a clear increase during healing, whereas Group C implants (BTK IS+®) showed the
lowest mean ISQ values both at placement and at 4 months. These findings suggest
that distinct performance patterns were associated with the different macro-geometries
evaluated. While taper and thread geometry are known to contribute to initial mechanical
engagement and insertion behavior, observational differences across groups should be
interpreted cautiously, as other clinical and anatomical variables inherent to a retrospective
design may also contribute to these findings. At the same time, the progressive increase
in ISQ observed in all groups supports the concept that lower primary stability does not
necessarily preclude successful secondary stability, provided that healing is uneventful and
adequate biologic integration occurs [29].

The internal comparison within the C-Tech® Group further suggests that implant
design may influence the early stability profile without necessarily affecting final stability
atloading. In the present study, CP implants showed slightly higher ISQ values at insertion,
whereas EL implants reached similar values by 4 months despite greater variability during
the healing phase. This pattern is clinically relevant because repeated ISQ measurements
over time appear to be more informative than a single absolute baseline value, particularly
when comparing implants with different macro-geometries or placed under different
anatomic conditions [28].

Age stratification showed that older patients tended to present slightly higher ISQ
values at insertion, whereas younger patients showed similar or slightly higher values at
later time points. Although this observation should be interpreted cautiously, it may suggest
that age alone is not a decisive determinant of secondary stability once osseointegration
proceeds normally. Previous literature has shown that implant stability is influenced by
multiple interacting variables, including implant location, bone density, implant diameter,
and healing pattern, and that these factors may have a stronger effect on ISQ evolution
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than chronological age per se [26]. In addition, the absence of a marked divergence in final
ISQ values between age groups in the present cohort suggests that immediate implant
placement may remain predictable across different age categories when adequate primary
fixation is achieved [30].

Marginal bone loss at 1 year was limited in Groups A and B, whereas Group C showed
higher mean MBL values. The mean MBL values recorded for A and B were low and
compatible with favorable peri-implant bone maintenance during the first year of function.
This result is broadly in line with previous studies showing that immediate implants
can maintain satisfactory crestal bone levels when primary stability is adequate and the
restorative protocol is appropriately timed [31,32]. Although the mean MBL in Group C
was higher compared to the other groups, the values remained within the range clinically
reported as acceptable for the first year of function. These differences may reflect complex
interactions between macro-geometry and local tissue responses, alongside well-established
clinical confounders such as socket anatomy, buccal plate integrity, and surgical approach.

An important point emerging from the present findings is that the relationship between
ISQ and marginal bone loss appears to be indirect rather than linear. Although the group
with the lowest mean ISQ values also showed the highest MBL, previous retrospective
evidence has shown that a statistically significant direct correlation between longitudinal
changes in ISQ and MBL is not always demonstrable [27]. This supports the view that
resonance frequency analysis and radiographic bone level assessment describe different
but complementary aspects of implant performance: the former reflects the stiffness of the
implant-bone complex, whereas the latter captures crestal remodeling over time.

The analysis of implant threads remaining outside bone at 30 Ncm also provides
clinically relevant information. In the present cohort, mean exposure was relatively limited
in all groups, although slightly greater in Group A. In immediate post-extraction implants,
a certain amount of exposed coronal implant surface may be expected because implant
positioning is often prosthetically driven and primary fixation is frequently sought beyond
the apical portion of the socket. Nevertheless, within the range observed in the present
study, greater coronal exposure did not appear to translate into increased marginal bone
loss in the best-performing groups, suggesting that modest thread exposure alone may not
be detrimental when stability and healing conditions are favorable.

The complication profile also deserves attention. No failures were reported in Group
A, one failure was recorded in Group B, and five failures occurred in Group C. These
findings are clinically consistent with the lower stability and higher MBL observed in the
BTK group and with the broader concept that low baseline stability may be associated with
a greater risk of early failure. Previous retrospective analyses have similarly shown that
failed implants tend to present lower ISQ values at surgery than surviving implants, even
though no single ISQ threshold can be considered universally predictive in every clinical
setting [33].

The present results should be interpreted in light of some limitations. First, the ret-
rospective design limits control over confounding variables and does not allow causal
inference. Second, although the groups were numerically balanced, other relevant deter-
minants of implant stability and bone remodeling, such as jaw distribution, local bone
quality, socket morphology, and prosthetic loading conditions, were not fully explored in
the present analysis. Third, because ISQ is influenced by multiple biologic and technical
variables, comparisons across implant systems should not rely exclusively on absolute val-
ues but rather on temporal trends and associated clinical outcomes. A further limitation is
the retrospective nature of the study, relying on a posteriori data collection from an external
center, which represents an inherent limitation, as patient assignment to specific implant
systems could not be randomized. However, potential operator-dependent variability was
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minimized because all procedures were carried out by a single surgeon over the same
observation period. Furthermore, although baseline characteristics such as jaw location,
region, and implant dimensions were homogeneously distributed across groups, local
anatomical bone variations (e.g., precise bone density according to Lekholm & Zarb classifi-
cation) and specific local grafting responses could not be fully adjusted for in a multivariate
statistical model due to the retrospective collection of data. These local baseline factors
may independently influence both primary stability (ISQ) and marginal bone level dynam-
ics. Consequently, caution is advised when interpreting minor performance differences
between macro-geometries, and future prospective trials should incorporate multivariate
adjustments for all baseline anatomical covariates. Additionally, age was evaluated as a
continuous demographic parameter rather than through arbitrary categorical subgroupings,
as no established biological threshold exists for ISQ evolution. Future prospective studies
with larger samples could further investigate age-related bone density nuances.

Finally, implants that failed prior to prosthetic loading were included in the overall
survival analysis but excluded from subsequent longitudinal ISQ (T1 and T2) and marginal
bone loss evaluations, leaving 40, 39, and 35 implants in Groups A, B, and C, respectively.
This introduces a degree of survivorship bias, as the longitudinal stability and bone level
changes described reflect exclusively the implants that achieved successful osseointegration
and survived to functional loading. Furthermore, baseline ISQ values for the failed implants
were not available for retrospective extraction.

5. Conclusions

Within the limitations of this study, all three evaluated implant macro-geometries
demonstrated favorable primary and secondary stability, as well as satisfactory short-term
clinical outcomes. While distinct thread designs influence initial mechanical engagement
and early stability trajectories, all systems achieved high stability values by the time of
definitive prosthetic loading.

Although preliminary observations show high short-term survival rates across all
groups, these findings should be interpreted with caution. Long-term prospective studies
with extended follow-up periods are required to fully confirm the longitudinal survival
rates and peri-implant tissue stability associated with each macro-geometry.
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