
Introduction:

Loading of dental implants refers to the process of placing 
axial or tangential force on a dental implant by connecting it to 
a prosthesis after implant placement. These forces may be 
intentional or unintentional. The selection of the type of 
loading protocol for the individual patient is based on multiple 
factors, such as primary implant stability, bone density, and 
implant factors.[1]

According to Morton D. and Ganeles J., Loading protocols has 
been classified into three types in the ITI treatment guide, 
volume 2. Conventional loading (three months after the 
implant placement), Immediate loading (within 48 hours of 
implant placement) and Early loading (at least 48 hours after 
implant placement but no later than three months 
afterward.)[2]

Similarly, according to Misch's, loading protocols has been 
classified into four types. Conventional loading (within a 
period of 3 to 6 months), Immediate loading (at the time of 
implant placement), Early loading (between 2 to 3 weeks post-
implant placement)and Delayed loading (attaching the 
prosthesis 6 to 12 months after implant placement.)[3]
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Dental Implants: Factors affecting early loading 

Early loading protocols in implant dentistry has been 
classified into two types. Early occlusal loading refers to the 
delivery of occlusal load to an implant between 2 weeks and 3 
months after implant placement[7] The majority of clinical 
studies reported that implants are most commonly loaded 
within 6 to 10 weeks post-surgery. This time frame appears to 
provide a favorable balance between maintaining sufficient 
primary stability and allowing the biological processes of new 
bone formation and early osseointegration (figure 1) to 
contribute to secondary stability.[8,9,10,11]
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On the other hand, non-functional early restoration, involved 

delivering an implant prosthesis in a partially edentulous 

patient within 2 weeks of implant insertion without any direct 

occlusal load applied to the implant. [7]

Early loading offers several advantages, such as significantly 

shortened treatment duration while allowing adequate bone 

healing and remodeling, fewer surgical interventions, 

reduced loss of hard and soft tissue due to early stimulation, 

improved psychological comfort due to earlier functional and 

aesthetic restoration, and eliminates the need for removable 

provisional prostheses.[5,12,13]

Importantly, clinical data indicated that immediate and early 

loading result in comparable survival rates and marginal bone 

loss, with some studies suggested early loading may have a 

lower risk of failure, especially in the posterior mandible. 

Overall, early loading demonstrated clinical efficacy 

comparable to delayed loading, making it a reliable and 

effective treatment option.[14,15,16]

Early loading of dental implants is challenging due to the 

interplay of bone quality, systemic health, and clinical factors. 

Poor bone quality such as type IV bone or sites with recent 

augmentation offers reduced primary stability, making 

implants more susceptible to micro movement and 

subsequent failure during the early healing phase. Systemic 

factors like diabetes, cardiovascular disease, osteoporosis, 

and smoking negatively impact bone metabolism and wound 

healing, further elevating the risk of compromised 

osseointegration under early loading conditions. Clinically, 

the use of short implants, placement in the posterior maxilla, a 

history of periodontal disease, errors such as overheating 

during drilling or improper implant positioning all increase 

the likelihood of early failure. 

The success of early loading protocols is influenced by 

multiple factors. Patient-related factors include systemic 

health, bone quality, and oral hygiene status, all of which 

impact healing potential. Implant-related factors, such as 

macrodesign and surface characteristics, play a critical role in 

achieving predictable outcomes. Additionally, clinician-

related or surgical factors like adherence to precise surgical 

protocols significantly affect primary implant stability. 

Finally, prosthesis-related considerations, including occlusal 

load distribution and prosthetic design, determine the long-

term success of early loading.[7,17]

              

                           Figure 1. Osseointegration

Cardiovascular diseases (CVDs) can impair blood supply and 

cause tissue hypoxia, decrease the amount of nutrients in 

bone, disrupting bone healing and osseointegration which 

may increase implant failure risk.[18]

Diabetes mellitus significantly affects the osseointegration 

process through multiple mechanisms driven by chronic 

hyperglycemia. Elevated blood glucose impairs bone healing, 

leading to greater bone resorption and weaker peri-implant 

bone, promotes chronic inflammation through the formation 

of advanced glycation end-products (AGEs), which trigger 

inflammatory cytokines that delay wound healing and 

compromise immune defense, increasing susceptibility to 

peri-implant infections. Microvascular complications 

characteristic of diabetes reduce blood flow and oxygen 

supply to the implant site, further hindering bone regeneration 

and implant integration. Consequently, diabetes delays 

osseointegration and increases failure rates, particularly in 

cases of poor glycemic control.[18]

Host/patient factors :
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Thyroid disorders affect bone health by disrupting 
metabolism and immune response. Hypothyroidism slows 
turnover, increasing bone mass but with brittle, fracture-prone 
bone, while hyperthyroidism accelerates turnover, causing 
bone loss and fragility. Both compromise bone quality and 
remodeling, which are key determinants of implant 
osseointegration.[19]

Osteoporosis is characterized by progressive loss of bone 
mass and microarchitectural deterioration, leading to bone 
fragility and higher fracture risk. The resulting increase in 
trabecular space compromises bone density and quality, 
which may reduce primary stability and heighten the risk of 
implant failure.[20]

Vitamin D is crucial for bone health by regulating 
calcium–phosphate balance and mineralization. Its active 
form, calcitriol, enhances intestinal absorption, maintains 
calcium levels, and modulates bone cells by promoting 
osteoclast activity and supporting osteoblast function. 
Adequate vitamin D is vital for implant osseointegration, 
while deficiency can impair bone formation and increase 
implant failure risk.[21,22]

Smoking adversely affects peri-implant bone healing by 
impairing angiogenesis, leukocyte function, and cytokine 
balance. It disrupts bone metabolism by reducing bone 
formation and altering the osteoclast–osteoblast balance, 
often through increased inflammatory mediators and 
hormonal changes. Smoking and its byproducts can suppress 
osteoprotegerin (OPG) expression, lower bone density, and 
compromise guided bone regeneration, ultimately reducing 
bone-implant contact (BIC) and increasing the risk of implant 
failure.[23]

 

Primary implant stability is essential for the success of early 
loading protocols and depends significantly on bone quantity 
and quality at the implant site, the surgical technique, and the 
design of the implant. Achieving high primary stability 
requires the clinician's experience and careful surgical 
planning. Soft bone with reduced density poses a challenge in 
achieving adequate initial stability, leading to a higher risk of 
early implant failure. To compensate, surgical technique 
modifications and implant design optimizations are necessary 
to improve stability in such conditions.[24,25,26]

Insufficient primary stability increases micromovement at the 
bone-implant interface, which promotes the formation of 
fibrous tissue rather than osseointegration, raising the risk of 
implant failure. The acceptable threshold of micromotion lies 
between 50 and 150 micrometers; micromovements within 

Surgical factors:

this range may still permit bone integration, whereas 
movement beyond this range leads to fibrous tissue 
formation. Various methods assess primary stability, 
including insertion torque measurement and non-invasive 
techniques such as resonance frequency analysis (RFA) 
and damping capacity analysis (DCA).[7,25]

Generally, an insertion torque value of at least 40 Ncm and 

an implant stability quotient (ISQ) over 60 considered 

favorable indicators of sufficient primary stability to 

support immediate or early loading. Recent evidence also 

supports that early loading has been reliably performed on 

well-positioned implants inserted with a torque value of at 

least 40 Ncm, particularly in molar extraction sites, 

emphasizing the necessity to delay loading for at least four 

months if adequate insertion torque is not achieved. 

Overall, careful evaluation and optimization of primary 

stability at placement are critical to prevent 

micromovements, promote successful osseointegration, 

and reduce early implant failure rates.[25,26]

The implant's shape, length, and diameter are key factors 

determining the surface area available for transfer of 

compressive forces to the surrounding bone, a critical 

consideration especially in poor-quality bone where 

density is low and bone-to-implant contact is reduced. In 

such cases, increasing the implant surface area is essential 

to effectively distribute occlusal forces and enhance 

stability.[27]

Cylindrical implants (figure 2), due to their lower primary 

stability and poorer resistance to vertical and shear forces, 

are generally not suitable for immediate or early loading. 

Conversely, tapered or screw-shaped implants provide a 

more favorable mechanical environment, hence enhancing 

osseointegration and improving both primary and 

secondary stability, which supports predictable early and 

immediate loading.[28]

                          Figure 2. Implant shape

Implant factors: 

Implant macrodesign:
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Increasing implant length significantly boosts primary 
stability by enlarging the contact area with the bone, with a 
minimal length of 10 mm generally preferred. Similarly, 
implant diameter strongly influences stability in low-density 
bone, where longer and wider implants provide better support 
particularly in D4 bone.[29,30]

Besides size, thread design is vital; variable-thread tapered 
implants offer safety and efficacy for immediate implant 
placement under load, with square thread shapes (figure 3) 
preferred for immediate loading.[3,31,32]

                         Figure 3. Implant thread types 

A smaller thread pitch (below 1.7 mm) enhances bone-
implant contact and primary stability, promoting new bone 
growth and a mature bone structure at the interface. Thread 
depth is also crucial, as deeper threads improve stability and 
force distribution in low-density bone, resulting in higher 
insertion torque and resonance frequency scores.[3,3]

The implant–abutment connection substantially affects 
micromovements under load, with conical (Morse taper) 
connections (figure 4) providing superior mechanical 
friction, sealing, and fit compared to non-conical designs. 
This wedge-like engagement generates high mechanical 
stability, permitting immediate loading even in less-than-
ideal bone conditions. A final torque of about 15–20 Ncm is 
recommended to optimize this connection, thereby enhancing 
frictional stability and long-term implant success.[34,35]

         Figure 4. Morse Taper implant abutment connection

Implant microdesign:

Prosthetic factors: 

Osseointegration begins with local cell interaction with the 
implant surface, and implant surface roughness is key, 
rougher surfaces enhance osteoblast  adhesion,  
differentiation, and bone deposition. Since the late 1980s, 
various surface modificationscreating microtopographies 
(pits, grooves, protrusions) have increased implant surface 
area and bone-to-implant contact (BIC), especially in areas 
with poor bone quality. Surface modifications have been 
broadly categorized into two types: subtractive processes, in 
which material is removed from the implant surface, such as 
etching with acid, blasting with an abrasive material, 
treatment with lasers, and additive processes, in which 
material is deposited onto the implant surface, such as 
hydroxyapatite coating and titanium plasma spraying, 
oxidation or anodization. These advancements have 
improved the predictability and success of dental implant 
procedures.[3]

Implant surface characteristics significantly influence 
clinical outcomes, particularly in immediate or early loading 
protocols. Rough and moderately rough surfaces enhance 
bone–implant contact and promote faster bone apposition 
compared to smooth surfaces. These surfaces improved 
primary stability and osseointegration, making them the gold 
standard in implant dentistry over the past two 
decades.[36,37]

Early-loaded dental implants having a moderately rough, 
hydrophilic endosseal surface demonstrate high reliability for 
rehabilitating partially edentulous patients in the posterior 
mandible over 9 years of function.[33] The SLActive-
surfaced implants achieve high long-term success following 
either immediate or early loading in the posterior maxilla and 
mandible.[38]

Splinting of immediately loaded dental implants enhanced 
39osseointegration, especially in spongy bone.  This technique 

involves connecting multiple implants, which significantly 
reduces mechanical stress and micromotion that can lead to 
implant failure. By distributing forces across several 
implants, splinting improves stability and supports the 
success of early-loaded implant-supported prostheses, 
making it a valuable strategy for enhancing implant 
outcomes.[40]

From a restorative standpoint, it is essential to control the 
biomechanical effects of provisional restorations to protect 
implant stability. This includes limiting and evenly 
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distributing occlusal contacts during centric occlusion or 
maximum intercuspation, eliminating any excursive contacts, 
minimizing cantilever and off-axis loading, and splinting 
implants whenever possible.[41]

Overall, splinting combined with careful restorative planning 
optimizes the biomechanical environment for early-loaded 
implants. It ensures better force distribution, reduces 
micromotion, protect against mechanical overload and 
enhances implant survival, particularly in cases involving 
poor-quality bone or early loading protocols. This 
collaborative surgical and prosthetic approach is fundamental 
for predictable and successful dental implant rehabilitation in 
complex clinical situations.

Early loading of dental implants improves patient 
convenience and comfort, yet it does not consistently match 
the clinical outcomes achieved with conventional loading 
methods. Careful patient and case selection remain essential, 
particularly since implants presenting lower insertion torque 
or lower implant stability quotient (ISQ) values exhibit a 
heightened risk of failure under immediate or early loading 
protocols. The attainment of optimal insertion torque, which 
is critical for success, is substantially influenced by the 
clinician's experience and surgical technique. Key factors 
such as precise osteotomy preparation, appropriate implant 
selection, and adept management of bone quality variations 
rely heavily on operator skill, directly impacting both the 
initial stability of the implant and its long-term 
success.[13,42,43]

Despite these considerations, early loading of dental implants 
offers numerous advantages, including shorter treatment 
time, avoidance of multiple surgical stages, better 
preservation of peri-implant soft and hard tissues, and 
improved patient satisfaction. It may also enhance bone 
healing while eliminating the need for removable temporary 
dentures. Importantly early loading achieves survival rates 
comparable to both immediate and conventional loading 
protocols, making it a reliable and efficient treatment option 
when applied under appropriate clinical circumstances,
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