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Introduction

Implants revolutionized dentistry and provide a viable treatment
modality in the replacement of missing or un-restorable teeth. Long-
term implant survival rates are reported in a range from 85-99%*
and can be influenced by several elements including healing time,
implant surfaces characteristics, bone quality and surgical and re-
storative techniques. Classic guidelines used to enhance successful
implant therapy include an unloaded healing period of 3 to 6 months
to promote osseointegration, which is defined as the bone to implant
contact at the light microscopic level.>® However, patients today
would like the treatment and healing time shortened to allow for
immediate provisionalization and an earlier restoration.
There are several surgical objectives that are thought to be im-
portant in accelerating the healing process of osseointegration. One
of the more important of these objectives is to achieve initial prima-
ry stability. The torque value at time of placement is one indicator
of determining initial stability. The literature shows that at a mini-
mum, insertion torque of 20Ncm led to higher success rates.*® In
addition, the initial torque value has been used to determine if an
implant can be single-staged by placing a healing abutment/ provi-
sional at the time of surgery or if the implant needs to be submerged
and allowed to heal for a longer period. It is prudent, therefore, to
ensure that the implant is clinically stable prior to the restorative
phase. Several clinical tests can be used to determine stability and
are used as indicators of osseointegration, however most are only
gross subjective measuring techniques.

Determinants and Tests of Implant Stability
Implant stability can be simply stated as the absence of clinical mo-
bility. Initial implant stability is determined by two factors. The first
is the quality of the bone where the implant is being placed (cancel-
lous- less dense vs cortical- denser). The second factor is the degree
at which the implant engages the bone. This is influenced by the
type of bone as described above along with the design of the im-
plant threads and the implant surface characteristics. It is also di-
rectly related to the surgical technique during placement. At the
time of implant placement, the bone quality is assessed by the sur-
geon. In less dense bone, the surgeon may opt to undersize the oste-
otomy, potentially maximizing the initial bone-to-implant contact
and implant stability. The last determinant of implant stability is
how the bone heals around the implant.
Once an implant is placed and restored into function, it is subject to
loads in axial, lateral and rotational directions. When testing implant
stability, different tests are used depending on the direction of the
load that is being evaluated.
Albrektsson used mobility as one of the criteria to determine stabil-
ity and success®. While there are different indexes to assess mobili-
ty, the ability to visually detect and measure clinical mobility is dif-
ficult, and is more subjective in nature. Typically, mobility is de-
termined by applying lateral pressure, using the end of two mirrors,
and a visual estimate of the distance of movement in one direction is
noted. The observation of clinical implant mobility utilizing this
technique only grossly measures mobility and signifies implant fail-
ure either at the surgical stage or post healing. This technique is not
sensitive enough to allow for making better clinical decisions for

determining appropriate healing periods post-placement and may
lead to restoring an implant after what is thought to be successful
osseointegration.
Another non-invasive way to check the stability of a healed implant
is the percussion test. The percussion test uses the blunt end of a
mirror handle which is tapped on the implant or restoration in the
axial direction. A stable implant will sound similar to that of an an-
kylosed tooth. The downfall of this test is that it cannot be standard-
ized from one provider to another and that it can only identify a
failed implant, not one that may have achieved only partial osseoin-
tegration or is in the process of failing. Similar to testing for lateral
mobility after healing, this technique could lead to a definitive resto-
ration being delivered on a poor foundation, costing time and money
to the patient.
Torque testing is more commonly utilized to determine stability
both at the time of implant placement or following healing. Howev-
er, this technique is time consuming and is a difficult process. At the
time of implant placement, torque values are measured utilizing a
hand-held torque wrench or the hand piece unit. Most handheld
wrench markings indicate larger increments between torque values,
making the accurate assessment difficult. Utilizing the hand piece
unit can provide a more accurate assessment of torque values at im-
plant placement. However, this is time consuming as one must in-
crementally dial the torque forces on the unit multiple times once
the implant is seated to determine the final seating torque at implant
placement. This technique cannot be used to monitor osseointegra-
tion over the healing period as micro-motion during the early heal-
ing phase can play a negative role in osseointegration.’
Following healing, the reverse-torque test can be utilized to deter-
mine stability/osseointegration. During this test, a set reverse torque
value is applied to the implant at any time after a period of healing,
typically during the final impression visit. Sullivan in 1996 deter-
mined that using a reverse torque of 20Ncm provided a safe and re-
liable method to confirm that an implant is osseointegrated.* Ideally,
during this test, the implant will not rotate. However, the invasive
nature of this test may not allow for implants that are healing slowly
to fully integrate, and may not detect partial integration or failing
implants.

Resonance Frequency Analysis
Until recently there has not been developed a reliable, efficient and
non-invasive technique to objectively test implant stability however,
with the development of resonance frequency analysis (RFA) a
more sensitive, objective and non-invasive way to measure implant
stability can be achieved. RFA has been researched for 15 years and
has recently been used clinically. RFA is a test that sends a frequen-
cy through a transducer attached to the implant that applies a fixed
lateral force to the implant and measures its displacement, simulat-
ing a clinically loaded implant.?
The Osstell company has produced an instrument (Osstell 1SQ) de-
signed to measure a proprietary measurement called “implant sta-
bility quotient” (ISQ). 1SQ evaluates the stability of the implant by
measuring the stiffness of interface between the implant and bone.®
Publications recommended surgical and restorative protocols based
on over 500 studies can help providers in making clinical decisions



and provide for better communication between the surgeon and re-
storative dentist. (Fig. 1) RFA has been able to objectively show a
different implant stiffness when comparing initial and post healing
ISQ values indicating osseointegration and has been able to detect
failing implants prior to clinical mobility.® In addition, 1SQ values
were significantly positively correlated to initial torque values in
determining stability at 6 weeks. ** !
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RFA Clinical Applications
There are several different clinical applications where the use of
RFA can provide objective data to help the practitioner make clini-
cal decisions. The most common application of RFA in the clinical
environment is during implant placement and at either the uncover-
ing surgery or the final impression appointment. The single 1ISQ
value at the time of placement is helpful in determining loading pro-
tocols i.e. single versus two-stage or immediate provisionalization.
A single 1SQ value does not accurately predict implant survival.
However, a second 1SQ value >60 obtained just prior to the pros-
thetic phase of treatment has demonstrated implant survival accord-
ing to one prospective study.'
Several other studies used 1SQ values to make clinical decisions that
ultimately altered the clinical outcome. In one study, 1SQ values
were measured at several points in time. Thirty-two of the forty im-
plants were deemed successful after 6-weeks of healing with similar
ISQ values recorded at implant placement and at 6-weeks. For the
other eight implants, a decrease in 1SQ was recorded and clinically
the patients reported pain. These implants were allowed to heal an
additional 8 weeks and were eventually restored successfully.'* RFA
can also be used to rescue a failing implant. A study by Vanden Bo-
gaerde used RFA to determine that an implant was failing by wit-
nessing a decrease from the initial 1SQ of 67 to 53 at 6-weeks. The
implant was unloaded and allowed to heal, and at 6 months the 1SQ
value was recorded at 72.%
Another application of RFA is early detection of implant failure.
Friberg compared the initial 1SQ values to the six-week post-
operative values of 75 one-stage implants and noted a significant
decrease in one implant. Although this implant exhibited no clinical
mobility at the six-week appointment, several weeks later that im-
plant became mobile and was considered a failure.® This study high-
lights how RFA, through non-invasive means, can be used to detect
and monitor a failing implant.
These articles demonstrate that using RFA can accurately identify
positive and negative implant healing trends and ultimately deter-
mine overall implant stability. In addition, 1SQ values have shown
similar diagnostic predictability as compared to initial torque values
at 6 weeks post placement, potentially reducing negative influences
of micro- movement during early healing.

Conclusion

RFA can provide an objective value to measure implant stability.
The 1SQ values can quantitatively measure implant stability in a
non-invasive manner which can be consistently recorded for a spe-
cific implant and shared between providers significantly reducing
both intra- and inter-provider error utilizing other techniques. 1SQ
values cannot be standardized between different implants but rather
for the same implant over the healing period. The ISQ values are
another tool we can use in our armamentarium to better monitor

1SQ

healing and detect complications with regard to implant therapy and

aid in making treatment decisions allowing for early interventions

which can lead to increased implant success and ultimately patient
benefit.

References

1. Albrektsson T, et al. Osseointegrated oral Implants - A Swedish
multicenter Study of 8139 consecutively inserted Nobelpharma
implants. J Periodontol. 1988; 59:287.

2. American Academy of Periodontology Glossary of Terms.
WWW.perio.org/aapglossary

3. lacono V. AAP Position paper. Dental implants in periodontal
therapy. J Periodontol. 2000; 71(12): 1934-1942.

4. Sullivan, D., et al. The reverse-torque test: a clinical report.
Int J Oral Maxilfac Implants.1996; Mar-Apr; 11(2): 179-185.

5. Ottoni J, et al. Correlation between placement torque and sur-
vival of single tooth implants. Int J Oral Maxillofac Implants
2005; 20 (5): 769-776.

6. Albrektsson T, et al. The long term efficacy of currently used
dental implants: a review and proposed criteria of success. Int
J Oral Maxillofac Implants. 1986; 1 (1): 11-25.

7. Szmukler-Moncler S, et al. Timing of loading and effect of mi-
cromotion on bone—dental implant interface: review of experi-
mental literature. J Biomed Mater Res. 1998; 43(2): 192-203

8. Sennerby L, et al. Implant stability measurements using reso-
nance frequency analysis: biological and biomechanical aspects
and clinical implications. Periodontology 2000. 2008; 47: 51-
66.

9. Friberg B, et al. Stability measurements of one-stage
Branemark implants during healing in mandibles. IntJ Oral
Maxilofac Surg 1999; 28 (4): 266-272.

10. Rodrigo D, et al. Diagnosis of implant stability and its impact
on implant survival: a prospective case series study. Clin. Oral
Impl. Res. 2010; 21 (3): 255-261.

11. Makary C, et al. Implant primary stability determined by reso-
nance frequency analysis: correlation with insertion torque,
histologic bone volume, and torsional stability at 6 weeks. Im-
plant Dent 2012; 21 (6): 474-480.

12. Osstell™ Clinical Decision Diagram. Used with permission.

13. Vanden Bogaerde L, et al. Immediate/
early function of Branemark System Ti Unite implants in
fresh extraction sockets in maxillae and posterior mandibles:
an 18-month prospective clinical study. Clin Implant Dent Relat
Res 2005; 7 (suppl. 1): 121-130

Lieutenant Commander Pasieta is a third year resident in the Periodontics
Department. CAPT Mumford is the Chairman of the Periodontics Depart-
ment. Lieutenant Commander Turner is a faculty member in the Periodon-
tics Department.

The opinions and assertions contained in this article are the private ones of
the authors and are not to be construed as official or reflecting the views of
the Department of the Navy.

Note: The mention of any brand names in this Clinical Update does not
imply recommendation or endorsement by the Department of the Navy,
Department of Defense, or the U.S. Government.

uﬂ The Naval Postgraduate Dental School is affiliated with
“Fu the Uniformed Services University of the Health Sci-

ences’ Postgraduate Dental College.



