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Abstract

This narrative review synthesizes evidence on temporary prostheses following implant surgery,
integrating surgical timing (immediate/early vs. delayed placement and loading), primary stability
and bone quality determinants, and restorative choices (prosthesis types, abutments, materials,
digital fabrication including 3D printing) by searching PubMed and Web of Science (2000-2024)
using MeSH and free-text terms related to implants, loading protocols, and provisionalization; five
pre-2000 landmark papers provided historical context. Ninety-six human studies (clinical trials,
cohorts, systematic reviews; >6-month follow-up) met inclusion criteria. In selected cases,
immediate loading achieved implant survival comparable to delayed loading, with small
differences in early marginal bone loss (=0.1-0.3 mm at 1 year). Papilla preservation relied
primarily on adjacent bone morphology and 3D implant positioning. Provisional restorations
critically shaped the emergence profile and peri-implant soft tissues. Digital workflows offered
efficient, clinically acceptable provisionals but required investment, training, and guide accuracy.
Evidence favors protocol-driven case selection and occlusal control for optimal outcomes.



Graphical Abstract
N Temporary Prostheses Following Implant Surgery:

Bridging Surgical and Restorative Phases

Temporary prostheses are the pivotal link that unites surgical success
with long-term restorative excellence.

2  SURGICAL = RESTORATIVE
Z  PHASE z PHASE

Immediate vs TEMPORARY Types of Provisionals
Delayed Loadin -
y g | PROSTHESES (Fixed/Removable)
Primary Stability AS THE Abutment Materials
(ISQ/IT) PIVOTAL (Titanium, PEEK, Zirconia)
Bone Quality LENK Fabrication
(Milling vs 3D Printing)
SDmplant KEY TAKEAWAYS
Positioning

Digital Workflows

Emergence Profile

Comparable Superior i Protocol-Driven
‘ o ’ Implant Soft Tissue Case
Survival Shaping Selection

)

[ Y ) CLINICAL ‘ Optimize soft Protect hardand | /) Enhance patient ‘ Guide the path
tissue architecture soft tissues during satisfaction and from surgery

A% |\pLICATIONS | 1l

and aesthetics healing long-term outcomes | to final success

Key words: computer-aided design, dental implants, implant-supported dental prosthesis,
osseointegration, temporary dental prosthesis, three-dimensional printing.

Introduction

Tooth loss is one of the main factors affecting patients’ oral function, esthetics, and overall quality
of life.! The primary causes of edentulism include caries, periodontal disease, and trauma.>* Loss
of teeth compromises mastication, phonetics, and facial appearance,' and when located in the
anterior region, it can significantly affect social interactions and self-confidence.*”

Treatment options for replacing missing teeth depend on multiple factors, such as the patient’s age,
the number and location of missing teeth, bone quality and quantity, esthetic expectations, and
financial capacity.® These options include fixed tooth-supported prostheses (bridges or resin-
bonded bridges), removable dentures, and implant-supported fixed or removable restorations.®
Implant-supported fixed prostheses have become a predictable and well-documented treatment for
both single and multiple tooth replacements.® Continuous progress in prosthetic materials, implant
surface technology, digital planning tools, and surgical techniques has further improved the long-
term success of implant therapy.®

Temporary (provisional) prostheses play a crucial role during the healing phase between implant
placement and delivery of the definitive restoration. They preserve esthetics and occlusal function,
protect surgical sites, and most importantly, guide soft tissue maturation. Properly contoured
provisional restorations support the papilla and shape the emergence profile, and the key factors
influencing peri-implant tissue stability and long-term esthetic outcomes.'*'® They also improve



phonetics and patient comfort, contributing to psychological well-being and treatment
acceptance.* '®

Several contemporary implant placement and loading protocols have been developed to shorten
treatment duration and improve outcomes.'’” Immediate loading, defined as the placement of a
prosthesis within 72 hours after implant insertion,?® has been widely investigated as a means to
reduce recovery time and enhance patient satisfaction.”® When adequate primary stability is
achieved, immediate loading protocols can achieve success rates comparable to conventional
delayed loading, with osseointegration rates exceeding 95% in many clinical studies.?** Success
depends on surgical precision, implant stability, bone density, occlusal control, and appropriate
patient selection.?* In complex conditions, such as bone grafting sites or patients with systemic risk
factors like diabetes, osteoporosis, or heavy smoking, delayed loading and cautious
provisionalization remain advisable.?***

Although numerous studies have addressed surgical and restorative aspects of implant therapy,
most have examined these components in isolation. Existing reviews have primarily focused on
loading timelines and implant survival, or on isolated restorative elements such as mechanical fit
and material properties, but have rarely addressed the critical role of temporary prostheses during
the healing phase, in which surgical placement decisions directly influence restorative soft tissue
management and long-term esthetic predictability. Several reviews published between 2020 and
2024 support this observation, reporting limited holistic analyses of provisional-driven tissue
conditioning and workflow efficiency.! 10121516

Therefore, this narrative review aims to bridge these surgical (e.g., immediate versus delayed
loading, bone quality, and primary stability) and restorative perspectives (e.g., prosthesis types,
abutment materials, fabrication methods, and digital workflows) by synthesizing how temporary
prostheses serve as the pivotal link for optimizing peri-implant health, soft tissue stability, and
overall treatment success.

This review highlights the clinical significance of temporary prostheses for periodontists and
implant specialists, emphasizing peri-implant soft tissue stability, esthetic predictability, and
treatment workflow optimization.

Search Strategy

This narrative review was conducted using standard qualitative synthesis methods and PRISMA
principles to enhance transparency and reproducibility.

Electronic searches were performed in PubMed and Web of Science (ISI) databases for studies
published between January 2000 and December 2024. The search strategy combined MeSH and
free-text terms, including “Immediate Dental Implant Placement,” “Immediate Dental Implant
Loading,” “Dental Implants,” “Provisional Prosthesis,” and “Implant-Supported Prostheses,”
using Boolean operators AND/OR. Five seminal pre-2000 studies were also reviewed to provide
historical context for tooth loss classification and early implant loading concepts.

Eligibility Criteria

Studies were included if they met the following conditions:

- Published in English and conducted on human adults (>18 years)

- Reported data on temporary prostheses, implant loading protocols, or related clinical outcomes,
including implant survival, marginal bone loss, soft tissue response, or esthetic results

- Represented clinical trials, prospective/retrospective cohort studies, or systematic reviews with
at least 6 months of follow-up



Exclusion Criteria

- Animal or in vitro studies

- Mini or zygomatic implants

- Case reports with inadequate data

- Non-peer-reviewed materials such as abstracts, letters, or conference proceedings

Study Selection and Data Extraction

The database search yielded 918 records (PubMed, n=431; Web of Science Core Collection,
n=487) prior to duplicate removal. After removing duplicates (n=86), 832 records remained for
title and abstract screening. Following this screening, 623 records were excluded. Full-text
assessment was performed for 209 articles, of which 113 were excluded due to failure to meet
inclusion criteria. Ultimately, 96 publications were included in the qualitative synthesis,
comprising 91 eligible human studies published between 2000 and 2024, identified through the
electronic database search, and 5 landmark pre-2000 articles selected independently of the
database search to provide historical and conceptual context.

Study selection was performed independently by two reviewers. Disagreements were resolved
through discussion and, when necessary, consultation with a third reviewer. Extracted data
included study design, sample size, implant site and protocol, loading strategy, follow-up duration,
outcome measures, and principal findings. A flow diagram illustrating the study selection process
is provided as Figure 1.

Organization of Findings

Included materials were categorized into two major dimensions, surgical and restorative, for
structured synthesis.

- The surgical phase section examined protocols for immediate and delayed implant placement,
initial stability, loading criteria, bone quality, and the role of temporary prostheses in preserving
esthetics and the emergence profile.

- The restorative phase section discussed types of temporary prostheses and abutments, material
selection, fabrication techniques (milled and 3D-printed), and torque recommendations for
temporary abutments.

Analytical Approach

No quantitative or statistical meta-analysis was performed, as this review aimed to provide a
qualitative synthesis of evidence. Critical appraisal of study quality and evidence strength was
conducted qualitatively throughout the Results and Discussion, using an adapted hierarchy of
evidence that prioritized higher-level study designs (e.g., randomized trials and systematic
reviews). Formal risk-of-bias tools were not applied due to the narrative scope and heterogeneity
of the included literature.

Ethical Considerations
Ethical approval was not required, as the review involved previously published studies and no
human or animal subjects.

Table Referencing
All tables and summary charts include numerical superscript references within their footnotes.



Surgical Phase

Immediate Implant Placement and Loading Protocols

The following timing definitions are commonly used.'***"%’

- Immediate implant placement: same day as extraction

- Early implant placement: 14 months after extraction

- Delayed implant placement: >6 months after extraction

- Immediate loading: provisional or definitive prosthesis within 1 week of placement
- Early loading: 1 week—2 months

- Delayed loading: >2 months

When biologic prerequisites are met (adequate bone, atraumatic extraction, ability to secure
primary stability), immediate/early placement and immediate/early loading can achieve outcomes
comparable to delayed protocols.'®? Aiquel et al.?’ reported a survival rate of 95-98% for both
immediate and delayed loading, with marginal bone loss (MBL) of ~0.5-1.2 mm at 1-4 years.”
Critical appraisal: Many included studies had modest sample sizes and heterogeneous protocols,
which limits external validity.?

Factors Influencing Immediate Loading Feasibility

a) Primary Stability

Primary (mechanical) stability at placement is a key predictor of successful osseointegration and
early function.®® It depends on bone anatomy/quality, implant macro-design, and surgical
technique.®' Stability tends to be higher in the mandible than in the maxilla.* Excess micromotion
increases the risk of early failure; higher primary stability improves predictability of immediate
loading.??

Quantitative notes used clinically: Many protocols proceed to immediate loading at ISQ (RFA)
26570 and/or IT >30-35 Ncm, but thresholds vary by system and case. These thresholds are
widely used in clinical protocols; evidence remains heterogeneous across studies.

Critical appraisal: Observational designs and operator/device variability limit cross-study
comparability.

b) Stability Assessment (IT, RFA, Periotest)

Chairside measures include insertion torque (IT), resonance frequency analysis (RFA), and
Periotest.** IT is influenced by implant design and bone density and is not an absolute predictor of
MBL or failure.* A systematic review found no consistent association between higher IT (=50
Ncm) and increased MBL relative to lower/moderate IT.*¢ RFA provides a non-invasive baseline;
serial increases in ISQ suggest maturation of the implant—bone interface.*”® Periotest values (—8
to +50) reflect mobility but have variable reliability due to multiple confounders.*”3°

Critical appraisal: Heterogeneity in devices, timing, and cutoffs complicates pooled interpretation.

¢) Bone Quality and Site Preparation

Low bone density compromises primary stability and survival.* Failures are more frequent in type
IV bone (=35%) than in types I-III (=3%).*" Nonetheless, osteoporosis/osteopenia is not an
absolute contraindication.** Technique modifications, undersized osteotomy, osseodensification,
step osteotomy, lateral condensation and design changes (thread geometry, length/diameter) can



improve primary stability.***® Increased length and/or diameter increase contact area and may
enhance osseointegration.*

Critical appraisal: Evidence spans in vitro/bench studies, retrospective cohorts, and small clinical
series; effect sizes depend on jaw, site morphology, and implant system.

Immediate versus Delayed Placement/Loading: Indications, Qutcomes, Trade-offs

Indications for immediate placement include avulsion where repositioning is impossible, non-
restorable caries/fractures, root resorption, and failed endodontic therapy. Contraindications
include inability to achieve primary stability (e.g., major wall defects, poor bone quality), acute
infection/active periodontitis at the site, esthetic zones requiring staged augmentation, and
unfavorable root angulation.* 52

When biologic and mechanical prerequisites are met, immediate loading reduces treatment time
and surgical stages, with survival comparable to that of delayed loading.?"">** A meta-analysis
reported first-year MBL lower by ~0.1-0.3 mm with immediate versus delayed loading.>? Patient-
reported outcomes frequently favor immediate protocols due to shorter edentulous periods.
Critical appraisal: Several contributing studies were retrospective and/or from high-experience
centers, introducing selection and performance bias; occlusal control and parafunction are
potential confounders.

In fresh sockets, increasing the gap between the implant and socket wall reduces coronal bone-to-
implant contact (BIC) and shifts it apically; nonetheless, selected immediately loaded cases may
show higher BIC and less bone loss than their delayed counterparts when stability and occlusion
are controlled.>*

Critical appraisal: Findings derive from controlled conditions; generalization to grafted, thin-
walled, or parafunctional cases should be approached with caution.

Surgical Considerations Specific to Inmediate Loading

Immediate loading (<72 h) has been associated with >95% osseointegration in appropriately
selected cases.?**>* Key steps include atraumatic extraction, 3D implant positioning respecting
the buccal plate, copious irrigation during osteotomy, avoidance of buccal plate perforation,
grafting of residual gaps when indicated, and non-functional occlusion of the provisional during
early healing.’>* Systemic risk factors (e.g., uncontrolled diabetes, heavy smoking,
immunodeficiency, malnutrition) argue for cautious or delayed loading.**

Critical appraisal: Most evidence consists of prospective cohort studies and case series; definitions
of “non-functional” loading and occlusal schemes vary, limiting comparability.

Interdental Papilla with Immediate Loading

Papilla height correlates primarily with the proximal bone crest of the adjacent tooth rather than
with loading timeline per se.>® Prospective data up to ~1.5 years show no significant differences in
papilla height between immediate and delayed loading.’”*® After extraction, bundle bone
resorption results in transverse and vertical remodeling, more pronounced buccally, regardless of
placement timing or technique.*>%°

Critical appraisal: Follow-up durations are often short- to mid-term; evidence in thin biotypes and
high smile lines is limited.

Emergence Profile and Soft Tissue Architecture



The emergence profile (subgingival contour) governs peri-implant soft tissue form and
esthetics.’®!'! Three functional zones are described: esthetic (E), biologic (B), and crestal (C)."?
Optimal 3D implant position preserves designed dimensions across E/B/C; malposition propagates
hard/soft tissue discrepancies and compromises esthetics. Adequate soft tissue thickness is also
critical: >2 mm vertical thickness supports crestal stability, and ~2—3 mm of horizontal thickness
helps mask underlying components.®"¢

Critical appraisal: Evidence is largely observational and expert-driven; randomized comparisons
of zone-specific contouring strategies are scarce. See Table 1 for E/B/C characteristics
(abbreviations defined in the legend).

Figure 2 summarizes the interrelationship between these surgical determinants and subsequent
prosthetic decision-making during provisionalization.

Restorative Phase

Types of Temporary Prostheses

Temporary prostheses are broadly removable or fixed (Figure 2).1*"'¢'7!® Each option balances

chair time, emergence profile control, cost, and patient comfort (Tables 2 and 3).

1. Removable provisionals (flippers, Essix).”*™'7 A pre-existing removable prosthesis can be
relined with a soft liner.’” Typical advantages are low cost and rapid
fabrication/adjustment.'*'#1¢'!7 Limitations include no emergence profile shaping,'® risk of
pressure on grafted/surgical sites if not relieved,’” and plaque accumulation (notably with
Essix), necessitating strict hygiene.'® Essix appliances are short-term options due to occlusal
wear, compromised esthetics, and limited chewing.!® After surgery, ensure no tissue contact;
when delivered immediately, continuous wear for 24-48 h helps prevent inflammatory
swelling that can prevent proper seating.'¢'s®

Critical appraisal: Evidence is largely case series and expert protocols; patient adherence and

hygiene are key confounders.

2. Fixed tooth-supported temporaries (resin-bonded, archwire-supported, provisional
bridges).'*'*!” Appropriate when adjacent teeth can support a pontic (e.g., anterior cases in
younger patients with sensitivity concerns).** Properly designed provisionals shape peri-
implant soft tissue at the surgical site."”

Critical appraisal: Indications are well described, but comparative trials against implant-supported

provisionals for soft tissue metrics are limited.

3. Fixed implant-supported provisionals (provisionals on the implant). These can preserve
hard/soft tissues, facilitate emergence profile and papilla conditioning, and improve comfort
and esthetics during healing.!¢'6%¢¢

Quantitative note: Where reported, early function shows survival comparable to delayed loading

with MBL differences =0.1-0.3 mm in year 1, favoring immediate loading in selected cases.*

Critical appraisal: Outcomes depend on primary stability, occlusal control, and biotype; many

studies are single-center cohorts.

Abutments for Implant-supported Provisionals

Available options include plastic provisional abutments with machined titanium bases, titanium
provisional abutments, PEEK provisional abutments, and custom (titanium/zirconia) abutments
(Figure 2).67¢8



o Titanium provisional abutments: common, cost-effective, straightforward; typically cement-
retained only.®"°

o Plastic provisional abutments: inexpensive; intraoral trimming without heat; usable for screw-
or cement-retained provisionals.®>¢

e Custom abutments (Ti/Zr): indicated for angulation, variable tissue height, or esthetic
demands; strongest mechanical performance and long-term suitability; higher cost/lab time.**"
71

e Zirconia abutments: esthetic, in one-piece or two-piece with Ti base; wear/fracture risk higher
than titanium in posterior load.””?

o PEEK provisional abutments: favorable handling/biologic properties; mixed mechanical data
(similar strength to Ti in one study; weakest in another lab study).6® 7477

Critical appraisal: Much of the comparative mechanical evidence is in vitro; clinical validation is

limited and system-specific.

Recommended Abutment Torque for Provisionals

Reported values vary by implant system and component: 15-20 Ncem is commonly used for
provisional abutments.'*77"7°

« Castellon et al.”’: 20 Ncm

e Makarov et al.”® (Straumann): 15 Ncm

« Sandoval-Guevara et al.” (Nobel Biocare): 15 Ncm

Critical appraisal: Heterogeneity in designs and screws precludes a universal torque; follow
manufacturer specifications and consider screw size/material.

Abutment Materials (Titanium vs. PEEK; Zirconia Noted Above)

Titanium (commercially pure or Ti alloys) remains the standard for strength, corrosion resistance,
and interface precision; potential gray show-through in thin tissues is an esthetic limitation.””"”®
PEEK offers a lower elastic modulus, radiolucency, and favorable handling/biologic behavior;
however, mechanical performance varies across studies.”*’¢ Clinical translation: PEEK is
reasonable for short-term esthetic zones but should be avoided in high-stress situations.® 74776
Critical appraisal: Most data are bench/case series; high-quality head-to-head clinical trials are
scarce.

Temporary Prosthesis Materials (PMMA, Composite, Metal-Ceramic/Ceramic, PEEK, Natural

Tooth)

e PMMA vs. UDMA: PMMA favored for chemistry/handling; UDMA for faster fabrication and
possibly periodontal friendliness.*

o PEEK provisionals: clinically acceptable strength with occasional veneer/pink resin debonding
manageable chairside.?!

e Natural-tooth options: use of an extracted crown in Essix® or as an implant provisional (or
using the prior all-ceramic crown) is feasible with proper bonding protocols.*

Critical appraisal: Most reports are case series/case reports; follow-up is often short-term;

standardized outcome measures (MBL, PES/WES, PROMs) are reported inconsistently. Table 4

summarizes key outcomes across studies.

Fabrication Methods



Removable provisionals: Essix formed on a model; can incorporate extracted natural teeth to

enhance esthetics.?®?

Fixed implant provisionals

o Castellon et al.”” describe four pathways: (1) pre-surgical prep of abutment/crown with guided
placement; (2) chairside abutment + immediate impression and laboratory-made provisional;
(3) chairside modification of prefabricated abutment and pickup with acrylic; (4) one-piece
systems with 2 mm of occlusal clearance (not for angled needs).”

e Milled same-day full-arch workflows with stabilizing pins and 15 Ncm re-fixation have shown
1-year functionality with low mechanical events (one implant loss in 55).7

e Decision aids can prioritize options (e.g., time to delivery, need to avoid occlusal contacts) and
often select Essix when no functional loading is desired.®*

o Conversion of existing dentures to screw-retained interim prostheses is achievable; use of
PEEK fasteners may reduce later fracture risk.®

e Six practical methods (pre-index/acrylic, polycarbonate shell, reuse of prior crown, reuse of
laminate, use of extracted crown facade, lab composite) are detailed for single-unit situations.*?

Critical appraisal: Protocols are well described but primarily observational; outcomes depend on

occlusal control and soft-tissue biotype.

Printing vs. Milling for Provisionals

Across studies, both printed and milled provisionals achieve clinically acceptable properties;

relative performance varies by resin and workflow.

o Fracture strength: printed > milled/self-cured in one study;*® milled > printed in another 2024
study; both acceptable.?”

e Wear: self-cured shows highest wear; printed surfaces smoother after wear than milled.?®

e Marginal fit: printed and milled superior to self-cured.®”

e Color stability and surface hardness/plaque: self-cured PMMA shows the greatest color change
and highest plaque; printed lowest color change and plaque in the same study; sealants are
recommended for color stability over time.*

Critical appraisal: Test conditions differ (printers, resins, post-cure, CAM parameters); direct

clinical generalization should be approached with caution.

Digital Dentistry and Immediate Loading

Digital workflows (intraoral scanning, CAD/CAM, guided surgery, and print/mill) can reduce
fabrication time and costs compared with conventional methods for both single- and multi-unit
implant restorations.” For single crowns, especially posterior implants, fully digital, monolithic
restorations on prefabricated Ti bases are robust.*’*> Guided approaches in immediate placement
rely on an accurate tooth-supported fit; tooth mobility, scan/manufacture errors, and large support
surfaces can increase deviations, while selective support points and metal guides may improve
stability.****

All-on-4 protocols leverage CBCT-based planning and same-day provisionalization (steps outlined
in Results—Surgical), offering fewer grafts, shorter treatment duration, and faster recovery.”
Critical appraisal: Most digital evidence comes from prospective cohort studies with center-level
experience; randomized trials on soft tissue/esthetic endpoints remain limited.

Summary of Evidence and Clinical Implications



This review underscores practical pathways for provisionalization in implant therapy, guiding
clinicians toward evidence-based decisions that optimize peri-implant health and interdisciplinary
coordination. Within the scope of immediate/early vs. delayed loading, emergence profile
management, abutment/material selection, and fabrication pathways, current evidence indicates
the following.

Loading Protocols and Biologic Rationale

Immediate/early loading yields implant survival comparable to delayed loading when primary
stability and occlusal control are ensured; early MBL differences are small (=0.1-0.3 mm at 1 year
in selected cohorts).?'%3'2%'52 Strength of evidence: moderate.

Soft Tissue Outcomes and Provisional Contouring

Papilla and emergence profile depend primarily on bone morphology, tissue thickness, and implant
position; immediate provisionals enable soft tissue shaping but do not overcome unfavorable
anatomy.>* %> Strength: moderate for determinants; low for loading effect per se.

Material and Abutment Selection

Titanium (stock/custom) remains the mechanically reliable choice; zirconia improves esthetics but
carries a higher fracture risk in posterior loads; PEEK is acceptable for short-term use in low-load
esthetic zones, given mixed mechanical data.®®7¢ Strength: low to moderate.

Provisional Materials
PMMA/UDMA each has advantages; reused natural crowns/teeth are viable with proper
protocols.?# Strength: low (short-term, nonrandomized).

Manufacturing Workflows: Printing vs. Milling

Both can deliver clinically acceptable provisionals; superiority is material/workflow-dependent;
self-cure is least favorable for wear/color/plaque.®*® Strength: low to moderate (in vitro-
dominant).

Digital Workflows: Benefits and Limitations

Digital pathways reduce time/cost and support same-day provisionalization; limitations include
capital/maintenance costs, a learning curve, and potential inaccuracies in guidance in specific
scenarios.” % Strength: moderate for efficiency; low for long-term biologic/esthetic endpoints.

Practical Implications Guide Decision Pathways during Provisionalization

e Prioritize primary stability metrics (e.g., RFA trend over time, insertion torque per system
guidance) and strict occlusal control when considering immediate loading.*?

e In the esthetic zone, plan 3D implant position and soft tissue thickness targets (>2 mm vertical;
~2-3 mm horizontal) before relying on provisional contouring.®"¢

e Choose abutment/material based on load, esthetics, and retrievability: Ti/custom in higher
load; Zr/Ti-base in high-esthetics; PEEK for short-term esthetic situations.

e When adopting printed provisionals, use validated resins and manufacturer-specified post-
cure; avoid self-cure for longer service due to wear/color/plaque risks.

e For digital workflows, budget for training/calibration and consider selective support or metal
guides when tooth mobility or large spans risk guide misfit.



Discussion

This narrative review synthesized surgical and restorative considerations for temporary prostheses
after implant surgery, with particular attention to loading protocols, emergence profile
management, abutment/material selection, and analog-to-digital fabrication pathways.

Why Do Immediate and Delayed Loading Show Similar Outcomes?

Across systematic reviews and consensus statements, implant survival and early marginal bone
loss (MBL) are comparable between immediate/early and delayed loading when case selection is
appropriate and primary stability is achieved.?*?*2%'5* Biologically, this equivalence likely stems
from the bone’s adaptive remodeling capacity: as long as micromotion remains below fibrotic
thresholds (~150 um), osseointegration proceeds via secondary stability development, even under
controlled functional loads;*"# delayed protocols may allow more initial healing but do not
inherently result in superior outcomes in low-risk cases due to similar inflammatory and osteogenic
responses.’*? Clinically, standardized drilling, under-preparation in softer bone, and use of
contemporary implant designs reduce early instability.*"***” Where differences are reported (e.g.,
slightly lower MBL with immediate loading in select cohorts; ~0.1-0.3 mm at 1 year), the
magnitude is small and likely confounded by case selection and center experience.”> Conflicting
evidence tends to arise in low-density bone (Type IV), grafted sites, heavy smoking, or
uncontrolled systemic disease, where primary stability and biologic capacity to remodel are
compromised.** 445747 In these situations, immediate loading remains less predictable.

Soft Tissue/Esthetic Qutcomes and the Role of Provisionals

Papilla height and emergence profile stability relate more to bone morphology and implant position
than to loading per se.’* %> Immediate temporization facilitates subcritical/critical contouring that
guides tissue form but cannot compensate for thin buccal plates or implants placed too facially.'*”
2 Evidence for papilla preservation with immediate loading is neutral in the short term (=1-1.5
years).””*® Long-term esthetic data remain limited. Taken together, provisionals are tools for
shaping the soft tissue, with success contingent on underlying anatomy and 3D implant placement.

Abutment and Material Choices for Provisionals

Titanium provisional and custom abutments remain the mechanical benchmark; zirconia improves
esthetics but carries a higher risk of wear and fracture under posterior loads.®* 7> PEEK offers
handling and esthetic advantages but shows variable mechanical performance across bench
studies.®®7*7¢ Short-term clinical use is reasonable in low-load esthetic zones. For provisional
crown materials, PMMA and UDMA each offer trade-offs (handling vs. speed/periodontal
friendliness).* Recycling the patient’s own crown/tooth can yield highly acceptable esthetics with
careful bonding protocols.®?*#* Overall, the certainty of evidence for superiority of abutment/crown
materials is low, as most data are in vitro or from case series with short follow-up.

Printing vs. Milling

Both workflows achieve clinically acceptable marginal fit and fracture resistance for interim
restorations; which one is “stronger” varies by study, resin, and post-processing.®¢ % Self-cure
methods are consistently inferior in wear, color stability, and plaque resistance.®®* Current



evidence is low-to-moderate certainty, largely in vitro, and clinicians should prioritize validated
materials and correct post-cure protocols.

Digital Workflows, Benefits and Limitations

Digital approaches (IO scanning, CAD/CAM, guided surgery, printed/milled provisionals) can
reduce fabrication time and cost and streamline same-day delivery in eligible cases.”*° > However,
barriers include capital cost, software/hardware learning curve, team training, maintenance, and
potential inaccuracies from scanning/manufacturing or guide support on mobile teeth; selective
support points and, when indicated, metal guides can mitigate deviations.*** Access and expertise
are uneven across practices, which may partly explain heterogeneity in reported outcomes.
Evidence here is moderate certainty for efficiency, low certainty for long-term biologic/esthetic
superiority.

Limitations of This Review

As a narrative review, we did not perform quantitative synthesis. Included studies vary in design,
follow-up, endpoint definitions (e.g., survival vs. success, MBL measurement protocols), and
industry support, which can introduce bias. Heterogeneity in methodologies (e.g., varying implant
systems and patient cohorts) limits direct comparisons, while short follow-up in many studies
(often 1-2 years) restricts long-term insights; potential reporting biases (e.g., underreporting of
failures) and selection biases from high-volume centers further caution interpretation. Where
possible, we highlighted ranges (e.g., survival 95-98% and MBL =0.5-1.2 mm at 14 years in
mixed protocols) ?°, but these should be interpreted with caution.

Future Directions

Priorities include (i) randomized or well-matched prospective studies stratified by bone quality
and grafting status for immediate vs delayed loading; (i1) standardized, protocol-driven trials on
emergence-profile contouring with validated esthetic indices (PES/WES) and soft-tissue thickness
controls; (ii1) head-to-head clinical trials comparing printed vs. milled provisionals on
fracture/wear/MBL/PROMSs; and (iv) implementation studies quantifying the learning curve and
cost-effectiveness of fully digital provisional workflows.

Conclusion

Temporary prostheses play a central role in modern implant therapy by protecting surgical sites,
shaping peri-implant soft tissues, and supporting esthetic and functional outcomes. Careful case
selection, precise 3D implant positioning, and well-contoured provisionals remain essential for
long-term success. Clinicians are encouraged to adopt protocol-driven approaches and
interdisciplinary collaboration to achieve predictable results in both immediate and delayed
loading scenarios.

Acknowledgments

The authors thank Dr. Abbas Salehivaziri for his valuable advice and constructive feedback during
the revision of the manuscript. We also thank colleagues and staff who provided general support
during the preparation of this manuscript. No third-party commercial writing, editing, or
translation services were used. All individuals acknowledged have provided permission to be
named.



Authors’ Contributions

Conceptualization: Alireza Etezadinia and Hossein Salehivaziri.

Investigation: Alireza Etezadinia and Maryam Jahangiri

Methodology: Hossein Salehivaziri

Supervision: Hossein Salehivaziri

Writing—Original draft: Hossein Salehivaziri

Writing—Review and editing: Hossein Salehivaziri, Alireza Etezadinia, and Maryam Jahangiri

Competing Interests

The authors declare no financial or non-financial competing interests. The corresponding author’s
affiliation with Straumann North America (Manager of Clinical Education) had no influence on
the study design, data collection, interpretation, or writing of this manuscript, and no products or
services from Straumann are referenced in this article.

Data Availability
No datasets were generated or analyzed during the current study. All data supporting the findings
of this narrative review are derived from previously published studies cited in the reference list.

Ethical Approval
Not applicable.

Funding
This research received no specific grant from any funding agency in the public, commercial, or
not-for-profit sectors.

References

1. Al-Rafee MA. The epidemiology of edentulism and the associated factors: A literature review.
J Family Med Prim Care. 2020;9(4):1841-3. doi: 10.4103/jfmpc.jfmpc 1181 19

2. Krogh HW. Permanent tooth mortality: A clinical study of causes of loss. J Am Dent Assoc.
1958;57(5):670-5. doi: 10.14219/jada.archive.1958.0256.

3. Gerritsen AE, Allen PF, Witter DJ, Bronkhorst EM, Creugers NHJ. Tooth loss and oral health-
related quality of life: A systematic review and meta-analysis. Health Qual Life Outcomes.
2010;8:126. doi: 10.1186/1477-7525-8-126

4. McGarry TJ, Nimmo A, Skiba JF, Ahlstrom RH, Smith CR, Koumjian JH. Classification system
for complete edentulism. J Prosthodont. 1999;8(1):27-39. doi: 10.1111/5.1532-
849X.1999.tb00005.x

5. Al-Omiri MK, Karasneh JA, Lynch E, Lamey P-J, Clifford TJ. Impacts of missing upper anterior
teeth on daily living. Int Dent J. 2009;59(3):127-32. doi: 10.1922/IDJ 1994 ALOmiri06

6. Gilbert GH, Duncan RP, Shelton BJ. Social determinants of tooth loss. Health Serv Res.
2003;38(6 Pt 2):1843-62. doi: 10.1111/j.1475-6773.2003.00205.x

7. Schuurs AH, Duivenvoorden HJ, Thoden van Velzen SK, Verhage F, Makkes PC. Value of the
teeth. Community Dent Oral Epidemiol. 1990;18(1):22-6. doi: 10.1111/5.1600-
0528.1990.tb00006.x

8. Sailer I, Strasding M, Valente NA, Zwahlen M, Liu S, Pjetursson BE. A systematic review of
the survival and complication rates of zirconia-ceramic and metal-ceramic multiple-unit fixed
dental prostheses. Clin Oral Implants Res. 2018;29 Suppl 16:184-98. doi: 10.1111/clr.13277



9. Buser D, Sennerby L, De Bruyn H. Modern implant dentistry based on osseointegration: 50
years of progress, current trends and open questions. Periodontol 2000. 2017;73(1):7-21. doi:
10.1111/prd.12185.

10. Ramos V Jr. Interim fixed restorations. In: Rosenstiel SF, Land MF, Walter R, editors.
Contemporary fixed prosthodontics. 6th ed. St. Louis (MO): Elsevier; 2022. p. 439-480.

11. Gervyte J, Zidonyte Z, Trumpaite-Vanagiene R, Linkevicius T. Emergence profile management
in the esthetic zone. Stomatologija. 2023;25(2):47-54.

12. Gomez-Meda R, Esquivel J, Blatz MB. The esthetic biological contour concept for implant
restoration emergence profile design. J Esthet Restor Dent. 2021;33(1):173-184. doi:
10.1111/jerd.12714.

13. Siadat H, Alikhasi M, Beyabanaki E. Interim prosthesis options for dental implants. J
Prosthodont. 2017;26(4):331-8. doi: 10.1111/jopr.12421

14. Santosa RE. Provisional restoration options in implant dentistry. Aust Dent J. 2007;52(3):234-
42. doi: 10.1111/5.1834-7819.2007.tb00494 .x

15. Field J, Wassell R. Provisional restorations (Part 2). Br Dent J. 2023;235(1):35-40. doi:
10.1038/s41415-023-6006-3.

16. Eachempati P, McColl E. Top tips for the immediate replacement of teeth. Br Dent J.
2023;235(11):846-9. doi: 10.1038/s41415-023-6647-2.

17. Cho SC, Shetty S, Froum S, Elian N, Tarnow D. Fixed and removable provisional options for
patients undergoing implant treatment. Compend Contin Educ Dent. 2007;28(11):604-8.

18. Kan JY, Rungcharassaeng K, Kois JC. Removable ovate pontic for peri-implant architecture
preservation during immediate implant placement. Pract Proced Aesthet Dent. 2001;13(9):711-5.

19. Nkenke E, Fenner M. Indications for immediate loading of implants and implant success. Clin
Oral Implants Res. 2006;17 Suppl 2:19-34. doi: 10.1111/5.1600-0501.2006.01348.x.

20. Gallucci GO, Hamilton A, Zhou W, Buser D, Chen S. Implant placement and loading protocols
in partially edentulous patients: A systematic review. Clin Oral Implants Res. 2018;29 Suppl
16:106-34. doi: 10.1111/clr.13276

21. Tettamanti L, Andrisani C, Bassi MA, Vinci R, Silvestre-Rangil J, Tagliabue A. Immediate
loading implants: Review of the critical aspects. Oral Implantol (Rome). 2017;10(2):129-39. doi:
10.11138/0rl/2017.10.2.129

22. Strub JR, Jurdzik BA, Tuna T. Prognosis of immediately loaded implants and their restorations:
A systematic literature review. J Oral Rehabil. 2012;39(9):704-17. doi: 10.1111/5.1365-
2842.2012.02315.x

23. Testori T, Meltzer A, Del Fabbro M, Zuffetti F, Troiano M, Francetti L, et al. Immediate
occlusal loading of Osseotite implants in the lower edentulous jaw. A multicenter prospective
study. Clin Oral Implants Res. 2004;15(3):278-84. doi: 10.1111/j.1600-0501.2004.01013.x.

24. Goiato MC, Bannwart LC, Pesqueira AA, Santos DM, Haddad MF, Santos MR, et al.
Immediate loading of overdentures: Systematic review. Oral Maxillofac Surg. 2014;18(3):259-64.
doi: 10.1007/s10006-013-0421-6.

25. Siebers D, Gehrke P, Schliephake H. Delayed function of dental implants: A 1- to 7-year
follow-up study of 222 implants. Int J Oral Maxillofac Implants. 2010;25(6):1195-202.

26. Chen ST, Buser D. Clinical and esthetic outcomes of implants placed in postextraction sites.
Int J Oral Maxillofac Implants. 2009;24 Suppl:186-217.

27. Chen ST, Wilson TG Jr, Himmerle CH. Immediate or early placement of implants following
tooth extraction: Review of biologic basis, clinical procedures, and outcomes. Int J Oral Maxillofac
Implants. 2004;19 Suppl:12-25.



28. Benic GI, Mir-Mari J, Hammerle CH. Loading protocols for single-implant crowns: A
systematic review and meta-analysis. Int J Oral Maxillofac Implants. 2014;29 Suppl:222-38. doi:
10.11607/jomi.2014suppl.g4.1.

29. Aiquel LL, Pitta J, Antonoglou GN, Mischak I, Sailer I, Payer M. Does the timing of implant
placement and loading influence biological outcomes of implant-supported multiple-unit fixed
dental prosthesis—A systematic review with meta-analyses. Clin Oral Implants Res. 2021;32
Suppl 21(Suppl 21):5-27. doi: 10.1111/clr.13860.

30. Isaacson BM, Jeyapalina S. Osseointegration: A review of the fundamentals for assuring
cementless skeletal fixation. Orthop Res Rev. 2014;6:55-65. doi: 10.2147/ORR.S59274

31. Montes CC, Pereira FA, Thomé G, Alves ED, Acedo RV, de Souza JR, et al. Failing factors
associated with osseointegrated dental implant loss. Implant Dent. 2007;16(4):404-12. doi:
10.1097/ID.0b013e31815¢c8d31.

32. Vollmer A, Saravi B, Lang G, Adolphs N, Hazard D, Giers V, et al. Factors influencing primary
and secondary implant stability—A retrospective cohort study with 582 implants in 272 patients.
Appl Sci. 2020;10(22):8084. doi: 10.3390/app10228084

33. Szmukler-Moncler S, Piattelli A, Favero GA, Dubruille JH. Considerations preliminary to the
application of early and immediate loading protocols in dental implantology. Clin Oral Implants
Res. 2000;11(1):12-25. doi: 10.1034/5.1600-0501.2000.011001012.x

34. Huang H, Wu G, Hunziker E. The clinical significance of implant stability quotient (ISQ)
measurements: a literature review. J Oral Biol Craniofac Res. 2020;10(4):629-638. doi:
10.1016/j.jobcr.2020.07.004.

35. Norton MR. The influence of low insertion torque on primary stability, implant survival, and
maintenance of marginal bone levels: A closed-cohort prospective study. Int J Oral Maxillofac
Implants. 2017;32(4):849-57. doi: 10.11607/jomi.5889.

36. Roca-Millan E, Gonzéilez-Navarro B, Dominguez-Minger J, Mari-Roig A, Jané-Salas E,
Lopez-Lopez J. Implant insertion torque and marginal bone loss: A systematic review and meta-
analysis. Int J Oral Implantol (Berl). 2020;13(4):345-53.

37. Swami V, Vijayaraghavan V, Swami V. Current trends to measure implant stability. J Indian
Prosthodont Soc. 2016;16(2):124-30. doi: 10.4103/0972-4052.176539

38. Aparicio C, Lang NP, Rangert B. Validity and clinical significance of biomechanical testing of
implant/bone interface. Clin Oral Implants Res. 2006;17 Suppl 2:2-7. doi: 10.1111/5.1600-
0501.2006.01365.x

39. Salvi GE, Lang NP. Diagnostic parameters for monitoring peri-implant conditions. Int J Oral
Maxillofac Implants. 2004;19 Suppl:116-27.

40. Busenlechner D, Fiirhauser R, Haas R, Watzek G, Mailath G, Pommer B. Long-term implant
success at the Academy for Oral Implantology: 8-year follow-up and risk factor analysis. J
Periodontal Implant Sci. 2014;44(3):102-8. doi: 10.5051/jpis.2014.44.3.102

41. Jaftin RA, Berman CL. The excessive loss of Branemark fixtures in type IV bone: A 5-year
analysis. J Periodontol. 1991;62(1):2-4. doi: 10.1902/jop.1991.62.1.2

42. Holahan CM, Koka S, Kennel KA, Weaver AL, Assad DA, Regennitter FJ, et al. Effect of
osteoporotic status on the survival of titanium dental implants. Int J Oral Maxillofac Implants.
2008;23(5):905-10.

43. Al-Marshood MM, Junker R, Al-Rasheed A, Al Farraj Aldosari A, Jansen JA, Anil S. Study of
the osseointegration of dental implants placed with an adapted surgical technique. Clin Oral
Implants Res. 2011;22(7):753-9. doi: 10.1111/5.1600-0501.2010.02055.x



44. Degidi M, Daprile G, Piattelli A. Influence of underpreparation on primary stability of implants
inserted in poor quality bone sites: An in vitro study. J Oral Maxillofac Surg. 2015;73(6):1084-8.
doi: 10.1016/j.joms.2015.01.029.

45. Fanuscu MI, Chang TL, Ak¢a K. Effect of surgical techniques on primary implant stability and
peri-implant bone. J Oral Maxillofac Surg. 2007;65(12):2487-91. doi:
10.1016/5.joms.2007.04.017.

46. Bahat O. Technique for placement of oxidized titanium implants in compromised maxillary
bone: Prospective study of 290 implants in 126 consecutive patients followed for a minimum of 3
years after loading. Int J Oral Maxillofac Implants. 2009;24(2):325-34.

47. Alghamdi H, Anand PS, Anil S. Undersized implant site preparation to enhance primary
implant stability in poor bone density: A prospective clinical study. J Oral Maxillofac Surg.
2011;69(12):e506-12. doi: 10.1016/j.joms.2011.08.007.

48. Lauc T, Krni¢ D, Katanec D. Implant failure: Regional versus cumulative evaluation. Coll
Antropol. 2000;24 Suppl 1:91-6.

49. Pera P, Menini M, Pesce P, Bevilacqua M, Pera F, Tealdo T. Immediate versus delayed loading
of dental implants supporting fixed full-arch maxillary prostheses: A 10-year follow-up report. Int
J Prosthodont. 2019;32(1):27-31. doi: 10.11607/ijp.5804.

50. Testori T, Taschieri S, Scutella F, Del Fabbro M. Immediate versus delayed loading of
postextraction implants: A long-term retrospective cohort study. Implant Dent. 2017;26(6):853-9.
doi: 10.1097/1D.0000000000000635.

51. Botticelli D, Berglundh T, Lindhe J. Hard-tissue alterations following immediate implant
placement in extraction sites. J Clin Periodontol. 2004;31(10):820-8. doi: 10.1111/5.1600-
051X.2004.00565 .x.

52. Eini E, Yousefimanesh H, Ashtiani AH, Saki-Malehi A, Olapour A, Rahim F. Comparing
success of immediate versus delay loading of implants in fresh sockets: A systematic review and
meta-analysis. Oral Maxillofac Surg. 2022;26(2):185-194. doi: 10.1007/s10006-021-00983-7.

53. Singh M, Kumar L, Anwar M, Chand P. Immediate dental implant placement with immediate
loading following extraction of natural teeth. Natl J Maxillofac Surg. 2015;6(2):252-5. doi:
10.4103/0975-5950.183864.

54. Kakar A, Kakar K, Leventis MD, Jain G. Immediate implant placement in infected sockets: A
consecutive cohort study. J Lasers Med Sci. 2020;11(2):167-73. doi: 10.34172/jlms.2020.28

55. Parelli J, Abramowicz S. Immediate placement and immediate loading: Surgical technique and
clinical pearls. Dent Clin North Am. 2015;59(2):345-55. doi: 10.1016/j.cden.2014.10.002.

56. Buser D, Martin W, Belser UC. Optimizing esthetics for implant restorations in the anterior
maxilla: Anatomic and surgical considerations. Int J Oral Maxillofac Implants. 2004;19 Suppl:43-
61.

57. Yuenyongorarn P, Kan JYK, Rungcharassaeng K, Matsuda H, Roe P, Lozada JL, et al. Facial
gingival changes with and without socket gap grafting following single maxillary anterior
immediate tooth replacement: One-year results. J Oral Implantol. 2020;46(5):496-505. doi:
10.1563/aaid-joi-D-19-00187.

58. Velasco-Ortega E, Wojtovicz E, Espafia-Lopez A, Jimenez-Guerra A, Monsalve-Guil L, Ortiz-
Garcia I, et al. Survival rates and bone loss after immediate loading of implants in fresh extraction
sockets (single gaps). A clinical prospective study with 4 year follow-up. Med Oral Patol Oral Cir
Bucal. 2018;23(2):€230-e236. doi: 10.4317/medoral.21651.



59. Paolantonio M, Dolci M, Scarano A, d'Archivio D, di Placido G, Tumini V, et al. Immediate
implantation in fresh extraction sockets. A controlled clinical and histological study in man. J
Periodontol. 2001;72(11):1560-71. doi: 10.1902/jop.2001.72.11.1560

60. Lee JS, Jung JS, Im GI, Kim BS, Cho KS, Kim CS. Ridge regeneration of damaged extraction
sockets using rhBMP-2: An experimental study in canine. J Clin Periodontol. 2015;42(7):678-87.
doi: 10.1111/jcpe.12414.

61. van Brakel R, Noordmans HJ, Frenken J, de Roode R, de Wit GC, Cune MS. The effect of
zirconia and titanium implant abutments on light reflection of the supporting soft tissues. Clin Oral
Implants Res. 2011;22(10):1172-1178. doi: 10.1111/5.1600-0501.2010.02082.x.

62. Jung RE, Sailer I, Himmerle CH, Attin T, Schmidlin P. In vitro color changes of soft tissues
caused by restorative materials. Int J Periodontics Restorative Dent. 2007;27(3):251-7.

63. St George G, Lewis NJ, Malton C, Welfare R. Immediate dentures: 2. Clinical stages of
construction. Dent Update. 2010;37(3):154-60. doi: 10.12968/denu.2010.37.3.154

64. Darbar UR, Hemmings KW, King PA. An immediate resin-bonded bridge using the natural
tooth. Dent Update. 1995;22(7):288-90.

65. Mijiritsky E. Plastic temporary abutments with provisional restorations in immediate loading
procedures: A clinical report. Implant Dent. 2006;15(3):236-40. doi:
10.1097/01.1d.0000230306.93399.d0.

66. Dumbrigue HB, Esquivel JF, Gurun DC. Options for the fabrication of provisional restorations
for ITI solid abutments. J Prosthet Dent. 2001;86(6):658-61. doi: 10.1067/mpr.2001.119248.

67. Hsiao CC, Liang CH, Shen YF, Hsu KW. Retrospective comparison of posterior fixed dental
prostheses supported by two different titanium abutments on tissue level implants. J Prosthet Dent.
2021;125(6):877-882. doi: 10.1016/j.prosdent.2020.03.007.

68. Agustin-Panadero R, Serra-Pastor B, Roig-Vanaclocha A, Roméan-Rodriguez JL, Fons-Font A.
Mechanical behavior of provisional implant prosthetic abutments. Med Oral Patol Oral Cir Bucal.
2015;20(1):€94-102. doi: 10.4317/medoral.19958.

69. Al-Thobity AM. Titanium base abutments in implant prosthodontics: A literature review. Eur J
Dent. 2022;16(1):49-55. doi: 10.1055/s-0041-1735423.

70. Lee A, Okayasu K, Wang HL. Screw- versus cement-retained implant restorations: Current
concepts. Implant Dent. 2010;19(1):8-15. doi: 10.1097/ID.0b013e3181bb9033.

71. Huang Y, Wang J. Mechanism of and factors associated with the loosening of the implant
abutment screw: A review. J Esthet Restor Dent. 2019;31(4):338-45. doi: 10.1111/jerd.12494.

72. Amorfini L, Storelli S, Mosca D, Scanferla M, Romeo E. Comparison of cemented vs screw-
retained, customized computer-aided design/computer-assisted manufacture zirconia abutments
for esthetically located single-tooth implants: A 10-year randomized prospective study. Int J
Prosthodont. 2018;31(4):359-66. doi: 10.11607/1jp.5305.

73. Kammermeier A, Rosentritt M, Behr M, Schneider-Feyrer S, Preis V. In vitro performance of
one- and two-piece zirconia implant systems for anterior application. J Dent. 2016;53:94-101. doi:
10.1016/j.jdent.2016.08.004.

74. Najeeb S, Zafar MS, Khurshid Z, Siddiqui F. Applications of polyetheretherketone (PEEK) in
oral implantology and prosthodontics. J Prosthodont Res. 2016;60(1):12-9. doi:
10.1016/j.jpor.2015.10.001

75. Suphangul S, Rokaya D, Kanchanasobhana C, Rungsiyakull P, Chaijareenont P. PEEK
biomaterial in long-term provisional implant restorations: A review. J Funct Biomater.
2022;13(2):33. doi: 10.3390/5f613020033



76. Santing HJ, Meijer HJ, Raghoebar GM, Ozcan M. Fracture strength and failure mode of
maxillary implant-supported provisional single crowns: A comparison of composite resin crowns
fabricated directly over PEEK abutments and solid titanium abutments. Clin Implant Dent Relat
Res. 2012;14(6):882-9. doi: 10.1111/5.1708-8208.2010.00322.x

77. Castellon P, Casadaban M, Block MS. Techniques to facilitate provisionalization of implant
restorations. J Oral Maxillofac Surg. 2005;63(9 Suppl 2):72-9. doi: 10.1016/j.joms.2005.05.152.
78. Makarov N, Pompa G, Papi P. Computer-assisted implant placement and full-arch immediate
loading with digitally prefabricated provisional prostheses without cast: A prospective pilot cohort
study. Int J Implant Dent. 2021;7(1):80. doi: 10.1186/s40729-021-00369-0.

79. Sandoval-Guevara D, Grajeda-Nunez E, Alarcon-Sanchez MA, Heboyan A. Immediate
functional loading of implant-supported mandibular prostheses with customized UCLA’S
attachments with distal extension: A case report. SAGE Open Med Case Rep.
2024;12:2050313X241269572. doi: 10.1177/2050313X241269572

80. Barqawi L, Kanot S. A comparative clinical performance of polymethyl methacrylate (PMMA)
and urethane dimethacrylate (UDMA) materials in provisional fixed prostheses. Cureus.
2024;16(6):¢63455. doi: 10.7759/cureus.63455

81. Kwan JC, Kwan N. Clinical application of PEEK as a provisional fixed dental prosthesis
retained by reciprocated guide surfaces of healing abutments during dental implant treatment. Int
J Oral Maxillofac Implants. 2021;36(3):581-6. doi: 10.11607/jomi.8465

82. Ryser AS, McLaughlin SD, Sabol JV, Johnson TM, Ottoson BF, Handel SE. A novel technique
using extracted primary maxillary canines in an Essix retainer. J Dent Oral Epidemiol.
2024;4(3):JDOE2400112. doi: 10.54289/JDOE2400112

83. Kher U, Patil PG, Tunkiwala A, Nimbalkar S. Fixed screw-retained interim restorations with
immediate implant placement in esthetic zone: A case series with six different techniques. J Indian
Prosthodont Soc. 2022;22(1):97-103. doi: 10.4103/jips.jips_229 21.

84. Deniz N Sr, Orhan EO Sr. Proposal of a decision-making model for the provisional restoration
alternatives in  single-tooth implant treatment. Cureus. 2023;15(9):e45589. doi:
10.7759/cureus.45589

85. Kofford B, Drago C, Nejat AH, Elshewy M. A novel approach for converting a mandibular
complete denture to a fixed interim, screw-retained implant prostheses: A case report. J
Prosthodont. 2021;30(1):13-18. doi: 10.1111/jopr.13285.

86. Suralik KM, Sun J, Chen C-Y, Lee SJ. Effect of fabrication method on fracture strength of
provisional implant-supported fixed dental prostheses. Prosthesis. 2020;2(4):325-32. doi:
10.3390/prosthesis2040030.

87. Elsareef SS, Azer AS, Morsy N. Evaluation of fracture resistance and marginal fit of implant-
supported interim crowns fabricated by conventional, additive and subtractive methods. BMC Oral
Health. 2024;24(1):852. doi: 10.1186/s12903-024-04597-9

88. Myagmar G, Lee JH, Ahn JS, Yeo IL, Yoon HI, Han JS. Wear of 3D printed and CAD/CAM
milled interim resin materials after chewing simulation. J Adv Prosthodont. 2021;13(3):144-51.
doi: 10.4047/jap.2021.13.3.144.

89. Tagin S, Ismatullaev A, Usumez A. Comparison of surface roughness and color stainability of
3-dimensionally printed interim prosthodontic material with conventionally fabricated and CAD-
CAM milled materials. J Prosthet Dent. 2022;128(5):1094-101. doi:
10.1016/j.prosdent.2021.01.027



90. Bernauer SA, Zitzmann NU, Joda T. The complete digital workflow in fixed prosthodontics
updated: A systematic  review. Healthcare (Basel). 2023;11(5):679. doi:
10.3390/healthcare11050679

91.Joda T, Ferrari M, Gallucci GO, Wittneben JG, Brigger U. Digital technology in fixed implant
prosthodontics. Periodontol 2000. 2017;73(1):178-192. doi: 10.1111/prd.12164

92. Donker VJJ, Raghoebar GM, Jensen-Louwerse C, Vissink A, Meijer HJA. Monolithic zirconia
single tooth implant-supported restorations with CAD/CAM titanium abutments in the posterior
region: A l-year prospective case series study. Clin Implant Dent Relat Res. 2022;24(1):125-32.
doi: 10.1111/cid.13069.

93. Wu Q, Lou Y, Sun J, Xie C, Wu J, Yu H. Accuracy of the novel digital non-cross-arch surgical
guides with integration of tooth undercut retention and screw-bone support for implant placement
in mandibular free-end. BMC Oral Health. 2024;24(1):550. doi: 10.1186/s12903-024-04329-z.
94. Abad-Coronel C, Vandeweghe S, Vela Cervantes MD, Tobar Lara MJ, Mena Cordova N, Aliaga
P. Accuracy of implant placement using digital prosthetically-derived surgical guides: A systematic
review. Appl Sci. 2024;14(16):7422. doi: 10.3390/app14167422

95. Martins J, Rangel J, de Aratjo Nobre M, Ferro A, Nunes M, Almeida R, et al. A new full digital
workflow for fixed prosthetic rehabilitation of full-arch edentulism using the All-on-4 concept.
Medicina (Kaunas). 2024;60(5):720. doi: 10.3390/medicina60050720

96. Abhay SS, Ganapathy D, Veeraiyan DN, Ariga P, Heboyan A, Amornvit P, et al. Wear
resistance, color stability and displacement resistance of milled PEEK crowns compared to
zirconia crowns under simulated chewing and high-performance aging. Polymers.
2021;13(21):3761. doi: 10.3390/polym13213761.

Table 1. Characteristics of peri-prosthetic zones in implant restorations
Zone Function Preferred subgingival Predominant VTglﬂizz:
shaping tissue contact
length
E Supports gingival architecture giggze;n?;ﬁi ng)lt;:ue Sulcular 1 mm
(Esthetic) and esthetics stagnation epithelium
B Accommodates supracrestal . Contour (.ll.ctated by Junctional
. . . . L implant position and soft oy ~1-2 mm
(Biologic) | tissue attachment/biologic width . . epithelium
tissue thickness
C Straight (emergence
(Crestal) Maintains crestal bone stability transition without over- Connective tissue | ~1-1.5 mm
contour)

“E/B/C” corresponds to the esthetic, biologic, and crestal subgingival zones used in implant restoration contour design.
Data synthesized from: Gomez-Meda et al.,'? Gervyte et al.,'' and Ramos et al.'

Table 2. Comparison of temporary prosthesis options (removable, tooth-supported fixed, implant-

supported)

’ll;errggzzzfg Advantages Disadvantages Contz‘tayl ;g:litlons Il;?;;?gﬁ;ls Key clinical points
Removable Easy and fast to Risk of Strong gag reflex; Pre-surgery, Do not allow the base
prosthesis fabricate; low contacting/scraping | sites requiring strict | post-surgery to contact surgical
(flipper/partial | cost; easy to surgical site; may GBR protection during tissues; relieve over
denture) adjust/add teeth compromise grafts osseointegration, | grafts; reline as tissues

if it impinges; long edentulous | remodel.'*!7%3
esthetics/comfort spans
variable




Essix Low cost; quick; | Does not shape Long-term use Limited occlusal | Ensure no tissue
appliance minimal tooth emergence profile; | where space; anterior contact over the surgery
(vacuum- prep accelerated wear; durability/occlusion | esthetics, deep site; emphasize
formed chewing is needed bite scenarios hygiene; short-term
retainer with limitations; high only.!>1®
pontic) plaque

accumulation
Fixed tooth- Can shape soft Higher cost; No suitable Esthetic zone Use
supported tissue/emergence; | requires suitable adjacent teeth; long | with adjacent brackets/archwires/fiber
(bridge, resin- | better abutments or spans without teeth; when to carry
bonded, function/esthetics; | orthodontic abutments avoiding a composite/acrylic or
archwire- more stable anchorage removable natural-tooth pontic;
supported appliance protect surgical
pontic) site. 31464
Fixed Patient comfort; Higher cost; Insufficient Immediate Keep out of occlusion if
implant- fixed requires primary primary stability; loading cases interim nonfunctional;
supported esthetics/function; | stability immediate grafted | meeting stability | verify torque per
(interim on emergence/papilla single-site needing | criteria system,!6:65-66
implant[s]) shaping protection

The table contrasts common provisional choices during immediate/early implant therapy regarding clinical use and risks.

Abbreviations: GBR: guided bone regeneration.
Data synthesized from: Siadat et al.,' Santosa,'* Field & Wassell,'* Eachempati & McColl,' Cho et al.,'” Kan et al.,'® St George et
al.,” Darbar et al.,** Mijiritsky,* and Dumbrigue et al.®®

Table 3. Abutment options for implant-supported interim prostheses: Summary of properties and

machined titanium

adjustability; no heat

uses
Abutment type Advantages Disadvantages/limitations Typical applications
Plastic temporary Inexpensive; Limited for large angulations Screw-retained or cement-
abutment with chairside depending on the system retained provisionals; rapid

chairside fabrication.%-¢°

abutment

durable; cost-
effective; easy to use

base during intraoral
trimming
Titanium provisional Widely available; Typically cement-retained only; | Cement-retained interim

esthetic shine-through in thin
tissue

crowns/bridges.*%7

Custom abutment
(hexed/anti-rotational
or non-
hexed/rotational)

Best fit with
angulation issues and
tissue height
variation; long-term
capable

Higher cost; lab-intensive;
requires planning

Screw- or cement-retained;
use for complex emergence
and alignment

contro]. %8671

Zirconia abutment (1-
or 2-piece with Ti

Superior esthetics;
stable soft-tissue

Risk of chipping/fracture (esp.
1-piece); technique-sensitive

Screw- or cement-retained
in esthetic regions; prefer

low modulus may
cushion load

base) color Ti-base designs.’”>"3
PEEK provisional Tooth-like color; Inferior mechanical strength vs Short-term use in esthetic
abutment MRI compatible; Ti; risk of veneer debonding zones with low occlusal

load 74-76

“Hexed/anti-rotational” prevents rotation for single units; “non-hexed/rotational” allows seating for certain multi-unit scenarios

(verify system specifics).

Abbreviations: PEEK: polyetheretherketone; Ti: titanium.
Data synthesized from: Hsiao et al.,®” Agustin-Panadero et al.,°® Al-Thobity,” Lee et al.,”® Huang & Wang,”' Amorfini et al.,’?
Kammermeier et al.,”* Najeeb et al.,”* Suphangul et al.,”> Santing et al.”

Table 4. Summary of key clinical outcomes from included studies

Outcome

| Range/Estimate |

Context/Notes

| References




Implant survival rate

95-98%

Comparable between
immediate and delayed
loading in selected
cases; 1-4 years of
follow-up

Aiquel et al.,” Eini et
al.,’? Singh et al.*?

Marginal bone loss
(MBL)

0.5-1.2 mm at 1-4 years;
0.1-0.3 mm less with
immediate loading in year 1

Small early differences
favoring immediate in
meta-analyses;
heterogeneous protocols

Aiquel et al.,” Fini et al.>

Primary stability
thresholds (clinical
notes)

ISQ >65-70; IT >30-35 Ncm

Variable by system;
used for immediate
loading decisions

Szmukler-Moncler et
al.,>®* Norton,** Roca-
Millan et al.,*® Swami et
al.,*” Aparicio et al.>®

Failure rates by bone
type

~35% in type IV bone; ~3%
in types [-111

Influenced by density,
not absolute
contraindication for
osteoporosis

Busenlechner et al.,*°
Jaffin & Berman,*!
Holahan et al.*?

Complications
(mechanical/technical)

Occasional veneer debonding
(PEEK); wear/fracture
(zirconia posterior); low
events in milled workflows
(e.g., 1 loss/55 implants at 1

year)

System-specific; higher
in high-load or poor
stability cases

Amorfini et al.,”
Kammermeier et al.,”
Najeeb et al.,”™ Suphangul
et al.,” Santing et al.,”
Makarov et al.,”®* Kwan &
Kwan®

The table summarizes extracted quantitative data on survival, bone loss, and complications across loading protocols and

provisional types.

Abbreviations: ISQ: implant stability quotient; IT: insertion torque.

Data synthesized from: Aiquel et al.,”? Szmukler-Moncler et al.,** Norton,* Roca-Millan et al.,>* Swami et al.,>” Aparicio et al.,*®
Busenlechner et al.,* Jaffin & Berman,*' Holahan et al.,* Eini et al.,*> Singh et al.,>* Amorfini et al.,”” Kammermeier et al.,”
Najeeb et al.,” Suphangul et al.,” Santing et al.,”* Makarov et al.,”® Kwan & Kwan®'




/Studies excluded after full-texm

screening (n = 113)
¢ Animal or in vitro studies
 Studies on mini or zygomatic
implants
e Case reports with inadequate
orinsufficient data
¢ Non—peer-reviewed

publications

\- Follow-up period < 6 months/

Electronic database searches

s

918 records identified
(PubMed = 431) and (Web of Science Core Collection = 487)

C

832 records screened I

(title and abstract)

209 full-text articles
assessed for eligibility

C

s

Removal of duplicates (n = 86)

.

-

Studies included in qualitative synthesis (n = 96)
(91 human studies from 2000-2024 and 5 landmark pre-2000 articles)

e,

Studies excluded after title and

abstract screening (n = 623)

e Clearly irrelevant to implant

provisionalization or loading

® Non-human or non-clinical
studies

 Case reports or non-original
research

o

Figure 1. Flowchart of the literature search and study selection process.
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Figure 2. Comprehensive flowchart illustrating the interrelationship between the surgical phase
(immediate implant placement protocols, primary stability, bone quality, and 3D positioning) and the
restorative phase (types of temporary prostheses, abutment materials, classification of provisionals, and
manufacturing methods including digital workflows).



