
_c.e. article
Primary stability vs.  
viable constraint:  
A need to redefine

_events
AGD celebrates  
innovation, education  
in San Francisco

_industry
BIOMET 3i 
Smile Therapy  
System Solutions

12015

i s sn  2161-6531                                                                                                                                            North America Edition •   Vol. 4  •  Issue   1/2015

implants
the international  C.E. magazine of oral implantology





I 03

editorial _ implants I  

implants
1_2015

Stay on top of  new 
techniques, products 
with implants

Torsten Oemus

Publisher

Dental Tribune International

_Thanks to continous advancing technology, the field of implant dentistry is always growing, 
changing and evolving. Clinicians need to be vigilant in their efforts to keep up with the new techniques, 
new products and new technology that could affect how they plan implant treatment.

That’s just one reason the publication you are holding right now is so valuable.
As always, in this issue of implants, we’ve  assembled a collection of articles from a variety of  respected  

names and companies in dentistry. These expert clinicians are sharing their first-hand knowledge and ex-
pertise with you. In this issue, you can read about primary stability, and you can also learn about immedi-
ate implantation and provisionalization. We also have news on the latest implant events and technology.

But that’s not all.
Every issue of implants magazine also contains a C.E. component. By reading the articles (beginning 

on Page 6) on “Primary stability vs. viable constraint: A need to redefine,” by Dr. Michael Norton, and 
“Immediate implantation and improvisionalization: Single-tooth restoration in the esthetic zone,” by 
Dr. Susan McMahon and Karrah Petruska, and then taking short online quizzes on the articles at www.
DTStudyClub.com, you will gain one ADA CERP-certified C.E. credit. 

Keep in mind that because implants is a quarterly magazine, you can actually receive four C.E. credits 
per year out of your already busy life without any lost revenue and time away from your practice. To 
learn more about how you can take advantage of this C.E. opportunity, visit www.DTStudyClub.com. 

Finally, if you are interested in becoming a published author, we are always looking for experi-
enced clinicians to write C.E. articles and offer their expertise to our readers. Contact Managing Editor  
Sierra Rendon at s.rendon@dental-tribune.com for more information on submitting an article.

I hope you enjoy this issue of implants and that it enhances your daily life in the dental office.

Sincerely,

Torsten Oemus
Publisher
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_Any regular reader of the Journal of Oral &  
Maxillofacial Implants or indeed of any other pub-
lication on dental implants could not fail to have 
noticed how much attention has been focused on pri-
mary stability. The concept of primary stability is not 
new; indeed, as early as the 1970s, there were studies 
emphasizing the need to establish mechanical sta-
bility to ensure un-interrupted healing of the bone.1 
This was most evident in the orthopedic literature as 
it pertains to hip prostheses.2

By the 1990s, numerous reports were being pub-
lished on immediate loading of dental implants,3-6 
and the groundbreaking work by Neil Meredith on the 
application of resonance frequency analysis (RFA) 
came to the fore7-9 with statements that achievement 
of implant stability was a prerequisite for long-term 
positive outcomes. 

At the same time, Meredith recognized it was pos-
sible for clinically firm implants with poor axial stabil-
ity to still be prone to failure.8 Of course, Brånemark 
recognized this in his early work, proposing as he did 
a period of submerged healing because of his con-
cerns for any destabilization of the bone-to-implant 
interface during the early healing phase. However, 
today, we all recognize that such protective protocols 
are frequently unnecessary, with widespread ac-
ceptance of not only transmucosal healing but also 
immediate temporization and/or loading.

So how do we define primary stability? The most 
simple definition is one of mechanical friction be-
tween the implant and bone. Certainly, we can all ap-
preciate that this contrasts with secondary implant 
stability where secondary stability is achieved by bio-
logical integration, i.e., osseointegration. The gradual 

shift from primary stability to secondary stability is 
critically poised at around three weeks. This is seen 
to be the least stable time point where viscoelastic 
stress relaxation of the bone along with remodeling 
results in a loss of primary mechanical stability9 but 
with an as yet poorly established degree of secondary 
stability or osseointegration.

This is also apparent in RFA curves, which, like a 
heartbeat, always register a certain pattern in healthy 
bone that reflects this loss of stability at the third or 
fourth week,10 regardless of bone density.

That said, we still need to define what constitutes 
primary stability, i.e., that which sets it apart from 
biological integration. As stated above, mechanical 
stability is one where a friction occurs between the 
implant and the surrounding bone, giving rise to a 
resisting torque at time of insertion. 

This resisting torque is proportional to the ef-
fort required to seat the implant or peak insertion 
torque; they are in essence one and the same and 
depend largely on the characteristics of the implant, 
the density of the bone and the differential size of 
the osteotomy as it pertains to the diameter of the 
implant. Mathematically, it can be defined as follows:

Resisting torque = μ * P * H * π * D2                 
                                  2 
Where: H * π * D2 = surface area of implant in 

contact with bone, where H = height of the implant 
cylinder and D = diameter of implant cylinder 

P = Critical pressure on the bone 
μ = Coefficient of friction 
The important factor in this equation is P, the 

critical pressure on the bone, as high pressure re-

Author_Michael R. Norton, BDS, FDS, RCS(Ed)

Primary stability  
vs. viable constraint: 
A need to redefine

This article qualifies for C.E. 
credit. To take the C.E. quiz, 
log on to www.dtstudyclub. 
com. Click on ‘C.E. articles’ 
and search for this edition 
(Implants C.E. Magazine — 
1/2015). If you are not regis- 
tered with the site, you will be 
asked to do so before taking 
the quiz. You may also access 
the quiz by using the QR code 
below.
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sults in unfavorable bone strain, particularly within 
the cortical compartment. However, the formula 
indicates that the resisting torque is proportional to 
the diameter (D) raised to the power of 2. This means 
that if you double the diameter the resisting torque 
becomes four times higher. Put another way, if we use 
the same insertion torque for a 3 mm wide implant 
and a 6 mm wide implant, then the critical pressure P 
will be four times lower for the wider implant! 

For example, an implant of 3 mm diameter in-
serted into 1 mm thick cortical bone with a torque of 
20 Ncm will transmit the same pressure to the bone as 
an implant of 6 mm diameter inserted into 2 mm thick 
cortical bone with a torque of 160 Ncm. (This assumes 
that 100 percent of the torque originates from the 
pressure on the cortical bone, and the contribution 
to torque from bone cutting, etc., is neglected). Yet 
manufacturers persist in providing a single target 
value of insertion torque across the range of implant 
diameters they offer.

It is therefore reasonable to discuss the virtues 
of insertion torque and ask the pivotal question:  
Is insertion torque an appropriate measure by which 
to quantify optimal primary stability? After all, bone 
is a living tissue, so any measure of primary stability 
must also reflect the future viability of the bone.

It is clear that higher insertion torques fulfil 
the desire to achieve a high degree of mechanical 
stability as interpreted through manual perception. 
Indeed, it is usual for manufacturers to provide some 
guidance on optimal insertion torque with some 
implant designs being specifically tailored to deliver 
higher insertion torques, in excess of 75 Ncm. This 
yields a sense of comfort for the clinician that the 
implant is initially “stable.” 

However, such a high torque has not been shown 
to be propitious to the surrounding bone. Numerous 
studies have been published that clearly demonstrate 

that the critical pressure these high torques create 
leads to micro-fracture of the bone,11,12 with a net 
resorption in the cortical zone11,12,13 and, indeed, 
an unfavorable delayed healing process with a re-
duced bone-to-implant contact.14 Such a response 
might well shift the onset for secondary stability 
and thereby delay or extend the period of potential 
vulnerability. This is clearly counter to the goal we 
are trying to achieve with immediate or even early 
loading protocols, whereby we want to transfer from 
simple mechanical fixation to full osseointegration in 
the shortest possible time. 

The most fascinating aspect of this debate is the 
lack of correlation between insertion torque and the 
implant stability quotient (ISQ) as measured by RFA, 
which appears to be counterintuitive. How is it pos-
sible for an implant that is driven in at 30 Ncm to have 
the same ISQ as one that required 100 Ncm of torque? 
Nonetheless, the weight of literature would seem to 
suggest this to be the case.15-18 

Because ISQ is measuring axial stiffness, it must 
be clear that frictional rotational resistance is a com-
pletely different parameter. After all, I don’t doubt we 
have all have experienced the “spinner” (an implant 
that exhibits little or no rotational stability) that 
went on to osseointegrate, and there are a number of 
studies published that report high success rates for 
immediately loaded implants that were inserted with 
low insertion torque.19-22 

By contrast, implants with an ISQ of less than 50 
rarely go on to integrate successfully, and ISQ has 
been described as a good predictor of success.23, 24 It 
is this dichotomy that has got me thinking and has led 
me to write this editorial piece. Could it be that axial 
stiffness is far more pertinent than rotational friction 
in ensuring an implant integrates? We already know 
from the literature that an implant can tolerate a 
degree of micro-motion, thought to be circa 100-

Fig. 1

At the AO
Annual 
Meeting

Dr. Michael R. Norton will 
be presenting at the Acad-
emy of Osseointegration 
Annual Meeting, March 
12-14 in San Francisco, as 
part of the restorative track. 
His presentation —  
“Controversies in Assess-
ing Implant Stability: Is 
Tight Right?” — will take 
place on Friday, March 13, 
from 11–11:30 a.m. 

 This presentation will 
consider evidence in 
relation to the use of high 
insertion torques to deliver 
high primary stability and 
whether this is based on 
any clinical or biological 
validation that it guarantees 
higher success or delivers 
greater predictability in os-
seointegration, in particular 
as it relates to immediate 
placement and immediate 
loading.

 Objectives: Upon comple-
tion of this presentation, 
participants should be able 
to: 1) define primary stabil-
ity; 2) discuss the impact 
of high insertion torque on 
the bone/implant interface 
and whether this enhances 
or prohibits favorable bone 
healing; 3) provide a pro-
posed protocol for deliver-
ing optimal primary stability 
from both a mechanical and 
biological perspective; and 
4) recognize that the goal in 
implant dentistry is not pri-
mary stability but early on-
set secondary stability with 
optimal bone response.
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150μm,25, 26 and this is in essence what ISQ measures. 
Studies have also demonstrated that insertion 

torque correlates closely to the degree of micro-
motion.25 However, it is not the aim to seek complete 
elimination of micro-motion, a valuable lesson 
learned in orthopedics.27 If it is possible to place an 
implant with lower insertion torque and still achieve 
axial stiffness with an ISQ >60, surely this provides 
us with a more optimal evaluation of primary stabil-
ity. Our goal must be the rapid onset of secondary 
stability, with minimal critical pressure to the poorly 
vascularised cortical bone so unfavorable resorptive 
responses and delayed healing are avoided. At the 
same time, we need to employ an objective measure 
of constraint that reliably ensures the implant can 
tolerate early or immediate loading. As much was 
recently proposed by Barewal et al17. 

I have labeled this objective measure viable con-
straint (vC), whose central purpose is to obtain a clini-
cally relevant degree of stability while maintaining a 
low critical pressure on the vulnerable cortical tissues 
through which our implants are inserted. 

Bone is not wood. It is not inanimate. It would 
behoove us all to remember this, and avoid the car-
penter’s approach to implant dentistry.

So I would take this opportunity to ask that we 
think in terms of viable constraint.  It will, of course, 
take controlled prospective studies to determine the 
optimal conditions for vC, but if I were a gambling 
man (which I most certainly am!), I would guess for 
a 4.5 mm implant in bone with a cortex of <1.0 mm 
thickness that a maximum torque of 20 Ncm and 
an ISQ of 60 represent the optimal measures we are 
looking for to ensure safe immediate loading.

In the past, we used to think length was important 
with implants, whereas today there is increasing 
focus on short implants. However, I would point out 
that a strong correlation has been shown to exist 

between ISQ and implant length28,29,30 and, as such, 
for immediate loading, I also believe a longer implant 
with a higher ISQ, inserted at a lower insertion torque, 
will yield a more favorable outcome.

_Note

This content originally appeared as an editorial 
in The International Journal of Oral & Maxillofacial 
Implants, published by Quintessence Publishing._ 

_References

1. Rune B, Jacobsson S, Sarnäs KV, Selvik. A roentgen 
stereophotogrammetric study of implant stability and 
movement of segments in the maxilla of infants with cleft lip 
and palate. Cleft Palate J. 1979;16:267-278.

2. Huiskes R, Weinans H, Dalstra M. Adaptive bone remodelling 
of biomechanical design considerations for noncemented 
total hip arthroplasty. Orthopedics 1989;12:1255-1267.

3. Salama H, Rose LF, Salama M, Betts NJ. Immediate loading 
of bilaterally splinted titanium root-form implants in fixed 
prosthodontics- a technique re-examined: two case reports. 
Int J Periodontics Restorative Dent. 1995;15:344-361.

4. Chiapasco M, Gatti C, Rossi E, Haefliger W, Markwalder TH. 
Implant-retained mandibular overdentures with immediate 
loading. A retrospective multicenter study on 226 consecutive 
cases. Clin Oral Implants Res. 1997;8:48-57.

5. Tarnow DP, Emtiaz S, Classi A. Immediate loading of 
threaded implants at stage 1 surgery in edentulous arches: 
ten consecutive case reports with 1 to 5 year data. Int J Oral 
Maxillofac Implants. 1997;12:319-324.

6.  Balshi TJ, Wolfinger GJ. Immediate loading of Branemark 
implants in edentulous mandibles: a preliminary report. 
Implant Dent. 1997;6:83-88.

7. Meredith N, Alleyne D, Cawley P. Quantitative determination 
of the stability of the implant-  tissue interface using resonance 
frequency analysis. Clin Oral Implants Res. 1996;7:261-267.

Fig. 2



implants
  1_2015

 C.E. article_  primary stability vs. viable constraint I

I 09

8. Sennerby L, Meredith N. Resonance frequency analysis: 
measuring implant stability and osseointegration. Compend 
Contin Educ Dent. 1998;19:493-498.

9. Meredith N. Assessment of implant stability as a prognostic 
determinant. Int J Prosthodont. 1998;11:491-501.

10. Barewal RM, Oates TW, Meredith N, Cochran DL. Resonance 
frequency measurement of implant stability in viro on implants 
with a sandblasted and acid-etched surface. Int J Oral 
Maxillofac Implants. 2003;18:641-651.

11. Trisi P, Todisco M, Consolo U, Travaglini D. High vs. low 
implant insertion torque: a histologic, histomorphometric 
and biomechanical study in the sheep mandible. Int J Oral 
Maxillofac Implants. 2011;26:837-949.

12. Duyck J, Corpas L, Vermeiren S, Ogawa T, Quirynen M, 
 Vandamme K, Jacobs R, Naert I. Histological, 
histomorphometrical and radiological evaluation of an 
experimental implant design with a high insertion torque. Clin 
Oral Implants Res. 2010;21:877-884.

13. Rodoni LR, Glauser R, Feloutzis A, Hammerle CH. Implants in the 
posterior maxilla: a comparative clinical and radiologic study. Int 
J Oral Maxillofac Implants. 2005;20:231-237.

14. Buchter A, Kleinheinz J, Wiesmann HP, Kersken J, Nienkemper 
M, Weyhrother H, Joos U, Meyer U. Biological and biomechanical 
evaluation of bone remodeling and implant stability after using an 
osteotome technique. Clin Oral Implants Res. 2005;16:1-8. 

15. Degidi M, Daprile G, Piattelli A. Primary stability determination 
by means of insertion torque and RFA in a sample of 4,135 
implants. Clin Implant Dent Relat Res. 2012;14:501-507.

16. Gonzalez-Garcia R, Monje F, Moreno-Garcia C. Predictability 
of the resonance frequency analysis in the survival of dental 
implants in the anterior non-atrophied edentulous mandible. 
Med Oral Patol Oral Cir Bucal. 2011;16:664-669.

17. Barewal RM, Stanford C, Weesner TC. A randomized controlled 
clinical trial comparing the effects of three loading protocols 
on dental implant stability. Int J Oral Maxillofac Implants. 
2012;27:945-956.

18. Dos Santos MV, Elias CN, Cavalcanti Lima JH. The effects of 
superficial roughness and design on the primary stability of 
dental implants. Clin Implant Dent Relat Res. 2011;13:215-223.

19. Norton MR. The influence of insertion torque on the survival of 
immediately placed and restored single- tooth implants. Int J 
Oral Maxillofac Implants. 2011;26:1333-1343.

20. Toljanic JA, Baer RA, Ekstrand K, Thor A. Implant rehabilitation 
of the atrophic edentulous maxilla including immediate fixed 
provisional restoration without the use of bone grafting: a review 
of one-year outcome data from a long-term prospective clinical 
trial. Int J Oral Maxillofac Implants. 2009;24:518-526.

21. Degidi M, Daprile G, Piattelli A. Implants inserted with low 
insertion torque values for intraoral welded full- arch prosthesis: 
one-year follow- up. Clin Implant Dent Relat Res. 2012;14 
Suppl:e39-45.

22. Rodrigo D, Aracil L, Martin C, Sanz M. Diagnosis of implant 
stability and its impact on implant survival: a prospective case 
series study. Clin Oral Implants Res. 2010;21:255-261. 

23. Al- Nawas B, Wagner W, Grotz KA. Insertion torque and 
resonance frequency analysis of dental implant systems in 
an animal model with loaded implants. Int J Oral Maxillofac 

Implants. 2006;21:726-732.
24. Nedir R, Bischof M, Szmukler-Moncler S, Bernard JP, Samson 

J. Predicting osseointegration by means of implant primary 
stability. Clin Oral Implants Res. 2004;15:520-528.

25. Trisi P, Perfetti G, Baldoni E, Berardi D, Colagiovanni M, Scogna 
G.  Implant micromotion is related to peak insertion torque and 
bone density. Clin Oral Implants Res. 2009;20:467-471.

26. Szmukler-Moncler S, Salama H, Reingewirtz Y, Dubruille JH. 
Timing of loading and effect of micromotion on bone-dental 
interface: review of experimental literature. J Biomed Mater Res. 
1998;43:192-203.

27. Bieger R, Ignatius A, Decking R, Claes L, Reichel H, Durselen L. 
Primary stability and strain distribution of cementless hip stems 
as function of implant design. Clin Biomech. 2012;27:158-164.

28. Sim CP, Lang NP. Factors influencing resonance frequency 
analysis assessed by Osstell mentor during implant tissue 
integration: I. Instrument positioning, bone structure, implant 
length. Clin Oral Implants Res. 2010;21:598-604.

29. Lachmann S, Laval JY, Axmann D, Weber H. Influence of implant 
geometry on primary insertion stability and simulated peri-
implant bone loss: an in vitro study using resonance frequency 
analysis and damping capacity assessment. Int J Oral Maxillofac 
Implants. 2011;26:347-355.

30. Hong J, Lim YJ, Park SO. Quantitative biomechanical analysis of 
the influence of the cortical bone and implant length on primary 
stability. Clin Oral Implants Res. 2012;23:1193-1197.

Dr. Michael R. Norton, BDS, FDS, RCS(Ed), 
graduated from the University of Wales, 
School of Dental Medicine, in 1988. He 
runs a world-renowned practice dedicated 
to implant and reconstructive dentistry in 
Harley Street, London. He is a specialist in 
oral surgery and, in 2007, was awarded a 
prestigious fellowship of the Royal College of 
Surgeons, Edinburgh, without examination, 
for his contribution to the field of implant 
dentistry. In 2013, Norton was made adjunct 
clinical professor to the Department of Peri-
odontology at the Ivy League Dental School 
at the University of Pennsylvania.

For more than 20 years, Norton has led the way for implant dentistry in the United 
Kingdom, becoming one of the world‘s most respected and renowned implant 
surgeons. His considerable portfolio of research has been groundbreaking, and 
he has become one of the most sought after lecturers in his field. Since 1989, 
Norton has dedicated all his clinical and postgraduate time to the practice and 
study of implant reconstructive dentistry. He is secretary, board member and 
fellow of the Academy of Osseointegration (AO) and is past president (1999-
2001) and honorary life member of the Association of Dental Implantology (ADI), 
UK. He is past editor of the AO’s Academy News and is currently associate editor 
of the International Journal of Oral & Maxillofacial Implants (JOMI). He also 
serves as a referee for a number of other peer-review journals. 

Norton is widely published in the literature including one of the earliest Quintes-
sence textbooks on the subject published in 1995. From 1995 to 2010, he was 
joint owner and editor of the journal Dental Implant Summaries.

_about the author


