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ABSTRACT 

  

Implant dentistry has emerged into highly predictable clinical procedure in routine 

practice when the available bone is adequate. Fundamental requisite for the success is 

stability of the implant placed. Stability primarily depends on the percentage of bone-implant 

contact and osseointegration of the implants.  

Based on this, the loading of implants is greatly influenced and so the duration of the 

treatment. As implant stability is one of the critical factors for determining the outcome of the 

therapy, objective and periodic monitoring is important for the success of the therapy. This 

review highlights the various methods to measure stability of the implant and their influence 

on the loading protocol. 
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INTRODUCTION: 

Osseointegration is defined by Brånemark (1985) as “a direct structural and functional 

connection between ordered, living bone and the surface of a load-carrying implant.” 
[1]

 An 

implant is considered successful when it is stable both functionally and aesthetically. 

Osseointegration of dental implants to the surrounding bone is one of the important pre-

requisite in treatment outcome. Clinically, osseointegration is reflected as the stability of 

dental implants. Dental implant stability is a measure of the anchorage quality of an implant 

in the alveolar bone and is considered to be the consequential parameter in implant 

dentistry.
[2]

   

Implant stability is of two types: Primary stability and Secondary stability. Osseointegration 

is referred to as secondary stability.  Primary stability of an implant mostly comes from 

mechanical engagement with cortical bone. It depends predominantly on the macro-design of 

the implants and the surgical protocol. This mechanical engagement prevents the formation 

of a connective tissue layer between implant and bone, ensuring bone healing. Therefore, 

primary stability of an implant is a prerequisite to undisturbed peri-implant bone healing.  

Secondary stability, on the other hand, offers biological stability through bone regeneration 

and remodelling. The process of osseointegration produces the secondary stability of 

implants, which is responsible for long-term success of the implants.  

Secondary stability has been shown to begin to increase at 4 weeks after implant placement. 

During, the period of bone remodelling after implant placement, primary stability decreases 

and secondary stability increases as the new bone forms. This transition period is referred to 

as stability dip. 
[3] 

Figure-1 explains about the stability of implant over time.
 

 

Figure-1: Stability Graph over Time 
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Therefore, the original Brånemark protocol suggested a submucosal 3- to 6-month non-

loaded healing period to achieve adequate stability before functional loading. 

Factors influencing the treatment outcome can be categorised into: 
[4] 

a. Level of implant stability 

b. Clinical parameters 

c. Surgical protocol 

d. Surgical technique 

Degree of implant stability may also depend on the condition of the surrounding tissues. It is, 

therefore, of an utmost importance to be able to quantify implant stability at various time 

points and to project a long-term prognosis based upon measured implant stability. A secure 

primary stability leads to a predictable secondary stability. 

Osseointegration process around dental implants explained in Figure-2. 

 

Figure-2: Schematic of the process of implants OI. Adapted from Liu Y, Rath B, Tingart M, 

Eschweiler J. Role of implants surface modification in osseointegration: A systematic review. 

J Biomed Mater Res. 2020;108A:470–484. 

Though implant stability is described as the “absence of clinical mobility” (Sennerby & 

Meredith 2008), an implant that is stable to load is not 100% immobile. An implant will 
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always exhibit some amount of lateral micro mobility, which seems to have decisive effects 

on the treatment outcome.  

IMPORTANCE OF MEASURING IMPLANT STABILITY 
[5] 

1. To determine when an implant is ready for loading and to avoid premature loading. 

2. Manage patients with risk factors 

3. Avoid long treatment times 

4. More predictable outcomes 

5. Identify situations where to unload or delay final restoration 

6. Optimize communication with patients and colleagues 

7. Case documentation and quality assurance 

 

Figure-3: Factors affecting the primary and secondary stability 

METHODS OF DETECTION 

Different methods of detection of implant stability into two categories-(Figure-4) 

a. Invasive methods 

b. Non-invasive methods 

INVASIVE METHODS: 

1. HISTOLOGIC ANALYSIS: 
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Assessment of bone formation from a dyed specimen, obtained by peri-

implant quantity and bone implant contact. 

2. TENSIONAL TEST: 

Stability assessed by applying lateral load to implant fixture. 

  

Figure-4: Stability analysis for oral implant osseointegration 

Adapted from Swami V, Vijayaraghavan V, Swami V. Current trends to measure implant 

stability. J Indian Prosthodont Soc 2016;16:124-30. 

3. PUSH-OUT/PULL-OUT TEST: 

It measures interfacial shear strength by applying load parallel to implant-bone 

interface. This test is only applicable for non-threaded implants. 

4. REMOVAL TORQUE ANALYSIS: 

In this method, implant is considered stable if reverse or unscrewing torque 

more than 20Ncm is applied. 

The main disadvantage is that the osseointegration fracture happens under this 

force.  
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NON-INVASIVE METHODS 

1. CUTTING TORQUE RESISTANCE 

Determination of primary stability alone by the cutting resistance offered by 

the bone and drill.  

2. INSERTION TORQUE MEASUREMENT  

Determination of stability during the placement of implant at the site. 

3. REVERSE TORQUE TEST 

Assessment of secondary stability. Rotational movement of implant upon 

application of reverse torque indicates compromised bone-implant contact. 

4. SEATING TORQUE TEST 

Final torque used to place the implant in its apico-coronal position can be used 

to determine the primary stability. 

5. MODAL ANALYSIS 

In-vitro approach 

6. PERCUSSION TEST 

Simplest method based on vibrational acoustic signs and implants resonance 

theory. 

Ringing crystal sound- successful osseointegration 

Dull sound- poor osseointegration 

7. PULSED OSCILLATION WAVEFORM TEST (POWF) 

Consist of acoustic-electric driver, acoustic-electric receiver and oscilloscope. 

Resonance generated is picked up and displayed on oscilloscope screen 

8. PERIOTEST 

Quantifies mobility of implants by measuring reaction of peri-implant tissues 

to definite peri-implant load. 

9. RESONANCE FREQUENCY ANALYSIS (RFA) 

Method which measures implant stability and bone density at various times 

using vibration.  

It uses a small L-shaped transducer tightened to implant by screws. 

Most widely used method. 

Commercially produced by OSSTELL. 

The result is presented as an ISQ value of 1-100. 

Higher the RFA, higher the ISQ- more stable implant. 
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ISQ is the only objective, reliable and non-invasive way to measure implant stability at 

placement and multiple times during the healing phase, thereby monitor the level of 

biological stability before proceeding to final prosthesis. 
[6]

  

Figure-5: Smart-Peg Placement 

 Figure-6: Tuning Fork Concept 

 

Figure-7: Implant Stability Quotient (ISQ) values 
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Figure-8: Factors affecting Resonance Frequency Analysis 

10. SURGEON’S PERCEPTION 

This type of assessment can only be made when the implant is inserted.  

11. MAGNECTIC TECHNOLOGY 

Magnetic resonance frequency probe the peg is activated, which vibrates and 

induces electric volt sampled by magnetic resonance frequency analyser. 

Values are expressed as ISQ of 0 to 100. It should maintain a distance of 1-3 

mm, angle of 90°, and should be 3 mm above the soft tissue otherwise the 

measured value will be affected.  

12. RADIOGRAPHIC ASSESSMENT 

Following the surgery, imaging methods are used to assess the health of the implant, 

evaluating the bone quantity and quality changes, and estimating the crestal bone loss, 

which is a consequence of the osseointegration process. 
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NEWER METHODS UNDER RESEARCH AND DEVELOPMENT
 

1. IMPLATEST CONVENTIONAL IMPULSE TESTING 

Conventional impulse testing of an implant requires fastening an accelerometer with 

associated wires and connectors to the implant, striking it with a calibrated hammer, and then 

recording and interpreting the data. The objective of testing implants with electrical impulse 

methods is to characterize, analyze and monitor their signatures. 

2. ELECTRO-MECHANICAL IMPEDANCE METHOD 

This test utilizes the electro-mechanical impedance of piezoelectric materials (work as both 

sensors and actuators) which is directly related to the mechanical impedance of the host 

structure. Piezoelectric zirconate titanate (PZT) is coupled to the monitored structure. After 

applying a voltage in 1 V in the kHz range, the PZT start to vibrate and any change of 

structural characteristics such as stiffness, damping, mass distribution, would influence the 

reading electrical admittance of PZT as read by impedance analyzer. 

3. MICRO MOTION DETECTING DEVICE 

A customized loading device, consisting of a digital micrometer (Mitutoyo Absolute 

Digimatic, Mitutoyo America Corporation, Aurora, IL, USA) and a digital force gauge 

(Chatillon E-DFE-025, Chatillon Force Measurement Systems, Largo, FL, USA) (range of 

10-2500 N 0.25% resolution over range) was used to determine implant micromotion. The 

forces were achieved by turning a dial, which controlled the height of the force gauge. This 

dialed in force was applied to the abutment via a lever. The digital micrometer was placed 

tangent to the crown of the abutment and detected the displacement after the load application.  

4. HIGHLY NONLINEAR SOLITARY WAVES METHOD 

HNSWs (highly nonlinear solitary waves) are compactly supported lumps of energy, which 

are formed by a balance between nonlinear and dispersive effects in intrinsically nonlinear 

media, such as granular materials. They are characterized by unique physical properties, such 

as high acoustic energy and remarkable robustness, which make them extremely useful as 

information carriers in non-destructive evaluation (NDE) applications.  

CONCLUSION: 

The advanced tests and equipment may play a greater role in the evaluation of implant 

stability compared to conventional methods. The ability to monitor osseointegration and the 
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life expectancy of an implant is a valuable diagnostic and clinical tool. Information should be 

established from many different diagnostic aids to assure long-term implant stability. 
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