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Abstract

Background: This retrospective study evaluated the success rates of dental implants placed
without primary stability in a private practice setting, utilizing three contemporary implant sys-
tems (Neodent GM Helix, Biotem AR, MegaGen AnyOne) and stability-oriented protocols.
Materials and Methods: Records from 63 patients receiving 97 implants (Neodent GM Helix,
n=35; Biotem AR, n=39; MegaGen AnyOne, n=23; 76 in maxilla, 21 in mandible) placed between
January 2021 and September 2024 in Qazvin, Iran, were reviewed. Absence of primary stability
was defined as insertion torque <10 N-cm and/or intraoperative spinning. Immediate placements
(n=23)received grafting; all implants were submerged, uncovered at approximately 3 months, and
loaded at approximately 4 months. Success was assessed using modified Albrektsson/Buser cri-
teria. Statistical analysis included Wilson 95% confidence intervals and Fisher’s exact or y? tests.
Results: Overall success rate was 95.9% (93/97; 95% CI 89.9-98.4%). success rate by system
was 97.1 % (34/35) for Neodent, 94.9% (37/39) for Biotem, 95.7% (22/23) for MegaGen with
no significant difference among the systems (P=0.91). Immediate placements achieved a 100%
success rate (23 out of 23 implants), compared to 94.6% for delayed placements (70 out of 74
implants), with no significant difference (P=0.58). Success rates were 96.1% in the maxilla
(73 out of 76 implants) and 95.2% in the mandible (20 out of 21 implants), with no significant
difference (P=1.00). Four early failures occurred (<4 weeks), all in delayed placements; no late
failures were observed. Systemic conditions (diabetes, hypertension, hypothyroidism) did not
increase failure rates (P=0.61). All implant failures occurred in posterior regions and delayed
timing of placement, while anterior and immediately placed implants achieved 100% success.
Conclusion: In carefully selected cases employing atraumatic techniques, socket grafting and
sealing for immediate sites, and conservative loading protocols, implants placed without pri-
mary stability demonstrated clinically acceptable success rates comparable to private practice
benchmarks. Nonetheless, the absence of mechanical primary stability remains a risk factor,
particularly in the posterior maxilla or type IV bone; these findings do not advocate replacing
primary stability. Prospective, multicenter studies with standardized Implant Stability Quotient
(ISQ) monitoring are recommended.[GMJ.2025;14:e4114] DOI:10.31661/gmj.v14iSP1.4114

Keywords: Dental Implants; Primary Stability; Secondary Stability; Osseointegration; Imme-
diate Placement; Bone Grafting

GMJ

Copyright© 2025, Galen Medical Journal.
This is an open-access article distributed
under the terms of the Creative Commons
Attribution 4.0 International License
(http://creativec org/licenses/by/4.0/)
Email:gmj@salviapub.com

= Correspondence to:
Hossein Salehivaziri, Department of Clinical Education,
Straumann Group North America 60 Minuteman Rd,
Andover, USA.
Telephone Number: +1 (872) 314-6489
Email Address: vaziri1994@yahoo.com




Etezadinia A, et al.

Introduction

Primary stability, defined as the mechani-
cal anchorage of a dental implant in bone
at place-ment, has long been considered a
prerequisite for successful osseointegration,
ensuring immo-bility during the critical heal-
ing phase [1, 2]. Branemark ef al. established
success rates of 95-98% for implants with
adequate stability, linking outcomes to mini-
mal micromotion (<100 pm) [2, 3]. However,
achieving primary stability is challenging in
low-density bone (e.g., type IV bone), im-
mediate extraction sites, the posterior max-
illa with thin cortical layers, or anatom-ical-
ly complex regions [4, 5]. Implants lacking
primary stability, evidenced by spinning or
in-sertion torque <10 N-cm, are at increased
risk of fibrous encapsulation, as excessive mi-
cromo-tion disrupts bone-implant integration
[6].

Recent advancements in implant surface engi-
neering and surgical protocols have begun to
shift emphasis from sheer mechanical anchor-
age toward promoting biological integration
via sec-ondary stability [7]. Modern implant
designs, especially those with bioactive, hy-
drophilic, or microtextured surfaces, are being
marketed to enhance osteoblast adhesion, pro-
tein adsorption, and earlier bone formation [8,
9]. For instance, controlled clinical trials have
shown that bioac-tive / superhydrophilic sur-
faces can improve the transition from primary
to secondary stability, especially in compro-
mised bone quality [10]. Systematic reviews
of low-insertion torque im-plants report high
survival rates (e.g. >95 %) even with torques
<20-35 N-cm, suggesting that mechanical
deficits can in many cases be compensated by
favorable biology [11]. Animal and in vivo
histologic studies support that a well-designed
microtopography accelerates bone appo-si-
tion despite weaker initial anchorage [12].
Biomechanical and stability-tracking models
fur-ther indicate that secondary (biologic)
stability becomes the dominant contributor
to overall implant stability after about 3—4
weeks of healing [13].

Immediate implant placement into fresh ex-
traction sockets can preserve ridge contours
and shorten overall treatment timelines, but it
also complicates stability dynamics because
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the tran-sition from primary (mechanical) to
secondary (biologic) stability is critical in the
early weeks of healing [14, 15]. Contempo-
rary evidence shows that immediately placed
implants, when proper case selection and pro-
tocols are followed, achieve high survival,
with pooled 1-year sur-vival around 97%, and
randomized 10-year data in the esthetic zone
confirming excellent long-term outcomes [14,
15]. Clinical protocols commonly pair imme-
diate placement with grafting and socket-seal-
ing techniques to protect the clot and support
early healing, acknowledging that adequate
primary stability remains a prerequisite; cases
lacking sufficient mechanical stability are still
considered unsuitable in most protocols [13,
14].

Systemic conditions frequently seen in im-
plant candidates can be compatible with suc-
cessful osseointegration when well controlled.
In diabetes, a systematic review indicates that
patients with good metabolic control have
survival outcomes comparable to non-diabet-
ic individuals, though poor control increases
risk [16]. Medically treated hypothyroidism is
not associated with higher implant failure ver-
sus controls [17]. After myocardial infarction,
elective dental surgery is typically deferred
(~6 weeks after MI or bare-metal stent; longer
for drug-eluting stents) and coordinated with
cardiology [18]. For hypertension, a 2024
systematic review and meta-analysis found
no higher odds of implant failure compared
with normotensive patients, underscoring that
careful medical optimization and standard sur-
gical principles generally miti-gate risk [19].
Private practice, with its heterogeneous pa-
tients and workflow constraints, is a real-world
prov-ing ground for implant protocols. Large
observational series from private clinics show
high survival when standard surgical princi-
ples and stability-oriented workflows are fol-
lowed [20, 21]. For example, a prospective
case series of 4,114 SLA implants placed in
two private clinics reported predictable out-
comes while tracking stability with clinical
testing and resonance fre-quency analysis
[20]. Similarly, a multicenter study conduct-
ed in daily dental practice (non-academic
settings) documented high survival and suc-
cess rates for modern systems under rou-tine
care [21]. At the same time, private-practice
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survival analyses indicate that the absence of
primary stability is a significant risk factor for
failure, underscoring that biologic remodeling
cannot reliably compensate when initial me-
chanical anchorage is lacking [22].

In this study, we evaluate 97 implants (35
Neodent GM Helix, 39 BioTem AR, 23 Me-
gaGen AnyOne) placed in a private practice in
Qazvin, Iran. Because “no primary stability”
is a known risk [23], our a priori hypothesis
is that strict case selection, immediate place-
ment with graft-ing, and conservative, stabili-
ty-oriented protocols can still achieve survival
rates comparable to routine private-practice
outcomes (>95%), while acknowledging that
proceeding without pri-mary stability is gen-
erally not recommended in established guide-
lines. The <10 N-cm threshold (and “spin-
ning”) was chosen as a conservative opera-
tionalization of absence of primary stabil-ity,
consistent with literature linking low inser-
tion torque to increased risk of early compli-
ca-tions or failure [23-26].

Materials and Methods

Study Design

This retrospective study analyzed 97 den-
tal implants placed without primary stabil-
ity, defined as priori as insertion torque <10
N-cm and/or observable spinning during cov-
er-screw place-ment, in a private dental prac-
tice in Qazvin, Iran, between January 2021
and September 2024.

Data were derived from routine care and
analyzed in de-identified form. All patients
provided written consent for secondary use
of their anonymized records. All procedures
conformed to the Declaration of Helsinki [25].

Patient Selection

Clinical success endpoints were anchored to
classic implant success frameworks [1, 24].
The primary outcome was implant success,
defined per modified Albrektsson/Buser cri-
teria as no clinical mobility, no pain or sup-
puration/infection, and no peri-implant radio-
lucency on periap-ical radiographs, with the
implant in function at >6 months after loading
[1, 24].

Inclusion criteria: (1) Placement of a Neo-
dent GM Helix, BioTem AR, or MegaGen
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AnyOne implant; (2) no primary stability
intraoperatively (defined as insertion torque
<10 N-cm and/or observable spinning during
cover-screw placement) [23-26]; (3) age >18
years; (4) complete clinical/radiographic re-
cords for >6 months or until failure.
Exclusion criteria: (1) Uncontrolled systemic
conditions (e.g., poorly controlled diabetes,
ac-tive chemotherapy), (2) heavy smoking
(>10 cigarettes/day), (3) untreated periodon-
titis, (4) incomplete records.

A total of 63 patients (34 female, 29 male;
25-73 years) with 97 implants met criteria.
Lack of primary stability was an intraopera-
tive finding, not planned.

Implant Characteristics

Implant systems included Neodent GM He-
lix (JJGC Industria e Comércio de Materiais
Denta-rios S.A., Curitiba, Brazil), BioTem
AR System (BioTem, Seoul, South Korea),
and MegaGen AnyOne (MegaGen Implant
Co., Ltd., Gyeongbuk, South Korea).
Neodent GM Helix (Grand Morse) is a hybrid
tapered body designed for under-osteotomy
and primary stability, 16° Morse-taper con-
nection with platform switching [27, 28].
BioTem AR System has internal connection
with hex + Morse-taper geometry; v-shaped
mac-ro-threads; bone-level design for a range
of bone qualities (manufacturer specifica-
tions) [29, 30].

MegaGen AnyOne has tapered, knife-thread
macro-design with internal Morse-taper; cal-
cium-incorporated SLA (CaTiO nano-layer)
surface marketed to promote early apposition
[31,32].

Context for stability and surfaces: ISQ serves
as a clinical indicator of implant stability;
ret-rospective clinical data and literature re-
views suggest that bioactive or hydrophilic
surfaces may accelerate the transition from
primary to secondary stability, and that select-
ed low-torque cases can still achieve high sur-
vival rates [9, 33, 11].

Surgical Protocol

A single periodontist performed all surgeries
under local anesthesia (2% lidocaine with
1:100,000 epinephrine; prilocaine 30 mg
with felypressin 0.03 IU; or 4% articaine with
1:200,000 epinephrine). Pre-surgical planning
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included clinical examination, panoramic ra-
diog-raphy, and CBCT for site assessment.
Surgery was performed freehand (no guides),
aligning implant positioning to prosthetic and
anatomic requirements. Osteotomies followed
manufac-turer guidance; under-preparation
was used in low-density bone (Lekholm—Zarb
type I1I/IV) to improve engagement [34, 35].

Twenty-three immediate implants were placed
into fresh extraction sockets. When a jumping
gap remained, sockets received demineral-
ized cortico-cancellous particulate (500—1000
um) and a gelatin sponge (ROEKO Gelata-
mp) to seal the socket and stabilize the clot
[36]. All im-plants were placed as two-stage
(submerged) and sutured with resorbable or
non-resorbable ma-terial. Peri-operative med-
ications included amoxicillin 500 mg, TID
for 7 days (or clindamycin 300 mg, TID for
penicillin-allergic patients) and ibuprofen 400
mg PRN; note that evidence supports at least a
single pre-operative dose of amoxicillin to re-
duce early failures, while bene-fits of extend-
ed post-operative courses are less certain [37].

Post-surgical Care and Follow-up

Patients were instructed to rinse with 0.12—
0.2% chlorhexidine gluconate twice daily for
1-2 weeks, consistent with common post-sur-
gical protocols [38, 39]. Follow-up visits were
sched-uled at 2 weeks (for suture removal),
4 weeks, 6 weeks, and 3 months, with ad-
ditional appoint-ments as needed for pros-
thetic planning. At approximately 3 months,
second-stage (uncover-ing) surgery was per-
formed. Standardized periapical radiographs
were obtained to confirm the absence of
peri-implant radiolucency before placement
of healing abutments.

When clinical stability and healthy peri-im-
plant tissues were evident, healing abutments
were connected and soft-tissue condition-
ing initiated. Prosthetic loading commenced
at approxi-mately 4 months, consistent with
consensus recommendations for early loading
in appropriate-ly selected cases [40, 41].

Study Outcome

At the >6-month post-loading evaluation,
each implant was assessed for success, de-
fined ac-cording to modified Albrektsson/
Buser criteria [1, 24]; Implants not meeting
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all criteria or re-moved for any reason were
classified as failures:

1. Absence of clinical mobility;

2. Absence of pain, suppuration, or peri-im-
plant infection;

3. Absence of peri-implant radiolucency on
periapical radiographs; and

4. The implant remaining in functional occlu-
sion without complication.

Data Collection

From patient charts we extracted: demograph-
ics (age, sex); medical history (systemic con-
di-tions, smoking); implant details (system,
diameter, length, site/position); intraoperative
stabil-ity (insertion torque <10 N-cm); place-
ment type (immediate vs delayed); jaw/region
(maxil-la/mandible; anterior/posterior); and
outcomes (success/failure, time-to-failure,
reason for fail-ure). Failures were classified as
early (<3 months post-placement) or late (=3
months).

Statistical Analysis

Analyses were conducted per implant. De-
scriptive statistics summarized continuous
variables as mean + SD and categorical vari-
ables as counts (%). Success rates were re-
ported overall and stratified by implant sys-
tem, placement type, jaw/region, and patient
characteristics; 95% con-fidence intervals for
proportions used the Wilson score method;
The Wilson score method was used to calcu-
late 95% confidence intervals for success pro-
portions, providing more accurate and reliable
interval estimates than the traditional Wald
method, particularly for proportions near 0 or
1 and in smaller sample sizes; It produces a
95% confidence interval that reflects the range
within which the true population success rate
is likely to lie, with 95% confidence [42, 43].

Results

Participant and Implant Characteristics

Sixty-three patients (34 female, 54.0%; 29
male, 46.0%; mean age 49.2 + 12.7 years;
range 25-73) received 97 implants. All pa-
tients were non-smokers. Controlled sys-
temic conditions were present in 35 patients
(55.6%): diabetes (17 patients; HbAlc <
6.5%), hypertension (21 pa-tients), thyroid
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Table 1. Implant Success Rate Stratified based on Gender, System, Placement Timing, Jaw and Region,
and Systemic Diseases

. Total Success Failure Success N
Variable Category N) (n) (n) % 95% CI P-value
Overall (implants) 97 93 4 95.88 89.87-98.38 —
Overall (patients) 63 60 3 95.2 86.91% —98.37% —
Gender Female 34 33 1 97.1 85.08% — 99.48% 021
(patients) Male 29 26 3 89.7 73.61% — 96.42% '
Neodent GM 55 34 1 97.14  85.47-99.49
Helix
Implant BioTem AR 39 37 2 9487  83.11-98.58 0.91
system
MegaGen 23 22 1 9565  79.01-99.23
AnyOne
Placement Immediate 23 23 0 100 85.69-100 0.58
timing Delayed 74 70 4 94.59 86.91-97.88 ’
Macxilla 76 73 3 96.05 89.03-98.65
Jaw ] 1.00
Mandible 21 20 1 95.24 77.33-99.15
. Anterior 27 27 0 100 87.54-100
Region ) 0.28
Posterior 70 66 4 94.29 86.21-97.76
Diabetes 30 28 2 93.33 78.68-98.15
Hypertension 35 34 1 97.14 85.47-99.49
Thyroid 25 25 0 100 86.68-100
deficiency
Systemic  p;0\pp 2 2 0 100 —
disease (per 0.61
implant) Healthy 36 34 2 94.44 81.86-98.46
Thyroid 25 25 0 100 86.68-100
deficiency
Prior MI 2 2 100 —
Healthy 36 34 94.44 81.86-98.46

deficiency (14 patients), and prior myocardial
infarction (1 patient, also hyper-tensive); 28
patients (44.4%) were systemically healthy.
Systemic conditions were not mutually exclu-
sive.

Implants were distributed by system as fol-
lows: Neodent GM Helix (35/97, 36.1%),
BioTem AR (39/97, 40.2%), and MegaGen
AnyOne (23/97, 23.7%). Diameters ranged
from 3.5 to 5.0 mm, and lengths from 8 to 13
mm. Most implants were placed in the max-
illa (76/97, 78.4%) and in posterior regions
(70/97, 72.2%; premolar—molar). Immediate
placement with simulta-neous grafting (de-
mineralized cortico-cancellous particulate
and gelatin sponge) occurred in 23 implants
(23.7%); the remaining 74 (76.3%) were de-

layed placements without grafting. All pro-
cedures were two-stage (submerged), and
primary stability was characterized by in-
sertion torque < 10 N-cm and/or spinning in
every case. Follow-up reached > 6 months
post-loading for 88 implants (90.7%) and ex-
actly 6 months for 9 implants (9.3%).

The overall implant success rate was 95.88%
(93/97 implants; Wilson 95% CI [89.87%,
98.38%]). Success rates stratified by implant
system, placement timing, jaw, region, and
sys-temic condition (per-implant allocation)
are presented in Table-1. No statistically
significant differences in failure rates were
observed across gender (Fisher’s exact test,
P=.21), implant systems (Fisher’s exact test,
P=.91), placement timing (Fisher’s exact test,
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Table 2. Details of Implant Failures

Success of Dental Implants Placed Without Primary Stability

Failure Implant . Patient Implant Size / Time to
# System Tooth / Region  Placement Characteristics Components Failure
Right )
1 Neodent' mandibular 1st  Delayed 38F, healthy 3.75 > 10 mm; 2 3 weeks
GM Helix mm cover SCrew
premolar
Richt maxilla 63M, controlled 4.0 x 10 mm;
2 BioTem AR lsf remolar y Delayed diabetes non-micro-thread 3.5 weeks
p (HbAlc 5.9%) SLA
Richt maxillar 63M, controlled 5.0 x 8.5 mm;
3 BioTem AR g Y Delayed diabetes (same  non-micro-thread 3.5 weeks
Ist molar
as #2) SLA
MegaGen Left maxillary 51M, controlled 4.0 x 10 mm;
4 AnyOne canine Delayed hypertension full-arch case 4 weeks

P=.58), regions (Fisher’s exact test, P=.28)
jaw (Fisher’s exact test, P=1.00), or system-
ic condition groups (Pearson’s y* test, P=.61).
All implant failures occurred in posterior re-
gions and delayed timing of placement, while
anterior and immediately placed implants
achieved 100% success.

Failure Analysis

Four early failures occurred (all < 4 weeks
post-placement; no late failures). All fail-
ures were in delayed placements. Details of
the failed implants are provided in Table-2.
No preceding in-fection, suppuration, or pa-
tient-reported pain was documented. Two fail-
ures occurred in the same patient. No peri-im-
plantitis or other postoperative complications
were recorded, and fol-low-up compliance
was 100%. Given clustering of two failures
in one patient, patient-level success (count-
ing any failure once per patient) was 95.2%
(60/63 patients).

Discussion

In this private-practice cohort of implants
placed without primary stability, overall suc-
cess was 95.88%, which is consistent with
contemporary real-world series from private
clinics when sta-bility-oriented protocols are
followed (like large private-practice cohorts
and multicenter daily-practice studies) [20,
21]. At the same time, success analyses from
private practice warn that absence of primary
stability increases failure risk, a context that

frames our result as encourag-ing but still
protocol-dependent [22]. Mechanistically, the
result aligns with the view that bio-logic (sec-
ondary) stability becomes increasingly im-
portant during early healing, provided at-rau-
matic surgery and stable wound conditions are
maintained [14, 9].

In our study, all implant failures occurred in
posterior regions and delayed timing of place-
ment, while anterior and immediately placed
implants achieved 100% success. Moreira et
al. reported significantly higher primary and
secondary stability in the anterior maxilla
compared with pos-terior regions of the jaws,
consistent with our findings [47]. This differ-
ence of anterior and pos-terior success rate
is attributed to lower bone density and more
challenging bone conditions in posterior ar-
eas, which reduce implant stability. Similarly,
a retrospective case series by Lee et al. [48]
examining 169 implants with manual rota-
tion indicative of low primary stability found
cumulative survival rates of approximately
94.7% at long term follow up, reinforcing that
os-seointegration is possible without conven-
tional mechanical fixation when healing pro-
tocols are controlled, although they observed
that more complex surgical factors might
elevate failure risk, this echoes our report of
early failures occurring predominantly in de-
layed placements or posterior regions. Cobo
Vazquez et al. [49] conducted a cohort study
analyzing 2,400 implants, 92 of which were
placed without primary stability, and reported
that the absence of primary stability did not
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significantly influence implant survival at 12
months, though there was a trend toward early
loss in certain classes of instability; this aligns
with your overall high success rate (95.9%)
Surface and connection design likely con-
tributed. Our three systems employ micro-
tex-tured/hydrophilic or bioactive surfaces
and conical (Morse-taper) internal connec-
tions intended to favor early bone response
and minimize microleakage; this is coherent
with literature link-ing such surfaces to faster
transition from primary to secondary stability
[9] and with systemat-ic evidence that low-
torque cases can still achieve high survival
under appropriate protocols [11]. We refrain
from attributing causation to a specific brand
feature; rather, the comparable performance
across systems in this series suggests that
sound surgical and restorative control may be
at least as critical as implant model selection
[20-22].

A key finding was 100% success in imme-
diate placements (23/23). This is compatible
with pooled evidence showing high survival
for immediate implants in selected indica-
tions [14, 15]. Our protocol paired immediate
placement with socket grafting and a gelatin
sponge seal, which is supported as a means
of stabilizing the clot / socket seal in alveolar
ridge preservation and immediate protocols,
potentially improving early stability of the
wound environment [46]. By contrast, all four
early failures occurred in delayed placements,
echoing reports that outcomes in healed ridges
still depend on local bone quality and surgical
mechanics [34, 22]. The posteri-or maxilla is
traditionally challenging due to type IV bone
and thin cortices [13]; our failures clustered in
maxillary sites (3/4), consistent with that ten-
dency. The anterior vs posterior dif-ference
in our data (100% vs 94.3%) should be inter-
preted cautiously due to sample size, but is di-
rectionally compatible with known anatomic/
biomechanical gradients (bone density, corti-
cal support, and loading patterns) [13, 20].
Systemic conditions appeared well-managed
in this cohort and did not associate with poor-
er outcomes: diabetics showed 93.3% suc-
cess, consistent with evidence that well-con-
trolled dia-betes yields survival similar to
non-diabetics [16]; hypertension showed high
survival, in line with a recent systematic re-
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view/meta-analysis [19]; medically treated
hypothyroidism is not considered a contrain-
dication [17]; and routine timing/clearance af-
ter myocardial infarction was respected [18].
While our data are reassuring, larger samples
with formal per-patient mod-eling would bet-
ter isolate medical risk contributions.

Clinical Implications

Within cautious indications, immediate place-
ment with grafting and socket sealing may be
a reliable approach even when intraoperative
primary stability is absent or minimal—pro-
vided that atraumatic technique, wound sta-
bilization, and conservative loading timelines
are followed [14, 15, 40, 46]. The comparable
performance of the three systems sug-gests
clinicians can prioritize protocol quality (at-
raumatic extraction, under-preparation in soft
bone, soft-tissue management, and prudent
loading) over brand-specific claims [9, 34,
20-22]. Prospective studies should (i) quanti-
fy early micromotion thresholds and biologic
surrogates, (ii) compare socket-grafting/seal
materials in immediate protocols, and (iii)
test accelerated loading in strictly selected
low-stability cases [1, 40].

Conclusion

In this private-practice cohort, dental implants
placed without primary stability achieved an
overall 95.88% success, including 100%
success in immediate placements and 93.33—
100% in patients with well-controlled system-
ic conditions. Within the constraints of care-
ful case selec-tion, atraumatic surgery, socket
grafting/sealing for immediate sites, and con-
servative loading (uncovering at ~3 months;
loading at ~4 months), clinically acceptable
outcomes were obtained despite low intraop-
erative torque/spinning.

These findings suggest that, in selected
low-stability scenarios, predictable osseointe-
gration is feasible when stability-oriented pro-
tocols and modern implant surfaces/connec-
tions are com-bined. However, the absence
of primary stability remains a risk factor; our
results should not be interpreted as a whole-
sale replacement for mechanical stability but
rather as evidence that bio-logic/soft-tissue
management and prudent loading can miti-
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gate risk in real-world settings. Pro-spective,
multi-center studies with standardized stabili-
ty metrics (e.g., ISQ trajectories) are warrant-
ed to confirm generalizability and to compare
biomaterials and loading timelines head-to-
head.
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