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Statement of problem. Initial stability of implant is an important factor for predicting
osseointegration. It requires a rapid, non-invasive, user-friendly technique to frequently
assess the implant stability and the degree of osseointegration.

Purpose. The aim of this study was to evaluate the correlation between the resonance frequency
analysis (RFA) and the radiographic method for peri-implant bone change under in vitro conditions.

Material and Method. Twenty implants of 3.75 mm in diameter(Neoplant, Neobiotech, Korea)
were used. To simulate peri-implant bone change, 2 mm-deep 45° range horizontal defect and
2 mm-deep 90° range horizontal defect area were serially prepared perpendicular to the X-ray
beam after conventional implant insertion. Customized film holding device was fabricated to
standardize the projection geometry for serial radiographs of implants and direct digital image
was obtained. ISQ values and gray values inside threads were measured before and after peri-
implant bone defect preparation. )

Results. Within a limitation of this study, ISQ value of resonance frequency analysis was changed
according to peri-implant bone change (p<0.05) and gray value of radiographic method was
changed according to peri-implant bone change (p<0.05). There was no correlation between
the ISQ value and the gray value for peri-implant bone change (p>0.05). But, in horizontal defect
condition, relatively positive correlation were between ISQ and gray values(r=0.663).

Conclusion. This results provided a possibility that peri-implant bone change may be
evaluated by both RFA and radiographic method.
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T nique and the implant design and good primary
he primary stability of implant depends on stability may be a predictor of osseointegration.’
the bone density and quantity, the surgical tech- Several diagnostic methods have been proposed
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for the quantitative measurement of primary
stability during fixture installation and secondary
stability during healing period of bone-implant
interface,?® but simple, non-destructive and high-
ly reproducible methods are needed for period-
ic and long-term assessment.>”

Resonance frequency analysis(RFA) introduced
by Meredith is a method for quantitative deter-
mination of implant stability in vivo condition.®
The vertical beam of the transducer that is fastened
to implanted fixture is vibrated by sinusoidal
sinewave electronical stimulus and the peak of first
flexural curve of that result is utilized to evaluate
implant stability. Resultant implant stability quo-
tient(ISQ) value varies on a 1-100 scale and
increases as higher stiffness of bone-implant
interface or higher stiffness of surrounding
bone.>*® The resonance frequency analysis is
valuable method for non-destructive and quan-
titative assessment of stability of implant.?

Radiography is most useful method for presur-
gical evaluation of bone quantity and quality,
change of marginal bone conditions around
implant, evaluation of marginal adaptation of
abutment, periodic assessment. Radiographic
identification of unstable implants is reliable,
suggested by Grondahl et al.* The accuracy in radi-
ographic diagnosis of clinical fixture instability was
at least as good as that associated with other
radiographic tasks such as approximal caries
diagnosis and diagnosis of small periodontal
bone lesions, but the probability of predicting clin-
ical fixture instability from a radiographic exam-
ination can be low in populations with a low
prevalence of fixtures showing clinical instabili-
ty, according to Sundén et al." And diagnostic abil-
ity of marginal bone change around implant
using more than two radiographic films is very low
when small increase or decrease of bone level
change around implant, and inter- and intraob-

server variability in reading of radiography is not
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enough for accurate diagnosis,” and it can eval-
uate interproximal dimension but can not evaluate
buccolingual dimension. This set limits to assess
the bone-implant interface.”

Both radiographic assessment and resonance fre-
quency analysis are quantitative measurement
methods for implant stability. But, few studys about
correlation between two methods are yet suggested.

The aims of this study were to evaluate bone lev-
el change around implant using radiography
and to measure stability using RFA method
under in vitro condition, and to assess correlation

between two methods.
MATERIALS AND METHODS

A frozen bovine bone block was obtained using
saw and cancellous bone was exposed though
removing upper cortical bone. Twenty bone
specimens were prepared to have less than 4 mm
thick cancellous bone and to enable for fixtures to
be engaged bilaterally. Lower portion of frozen
bone specimens were fixed to stable base using tray
resin(Quicky resin, Nissin Co. Japan) that were
polymerized in refrigerator. Twenty implants
of 3.75 mm in diameter and 10 mm in length
(Neoplant, Neobiotech, Korea) were inserted to
selected bone specimens that were secured to
have bilateral cortical bone engagement(Fig. 1). The
hex orientation of implants were controlled to con-
nect similar relationship between customized
film holding device and fixure. Customized film
holding device for parallelling method(Sensor
holder, Biomedisys, Korea) was fabricated and
installed to standardize the projection geome-
try that includes film, object and X-ray genera-
tor(Fig. 2). The fixture mount was soldered to
device for the connection between hex of implant
and mount to standardize projection geometry
between fixture and CCD sensor. The position
between hex of mount and hex of implant was con-



Fig. 1. Radiographic view of fixture that was bilaterally
engaged to specimen.

Fig. 2. Customized film holding device.

-
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Fig. 3. Schematic diagram of X-ray source direction and simulated bone defects(a), specimen
with 2 mm-deep 45 degree bony defect(b), and 2 mm-deep 90 degree bony defect(c).

trolled when the screw of mount was fastened.

The bone chip was removed to the bone defect
using high speed diamond bur and sharp knife.
To simulate peri-implant bone change, 2 mm-deep
45° range horizontal defect and 2 mm-deep 90°
range horizontal defect area were serially prepared
and they were perpendicular to the X-ray beam
after conventional implant insertion. The con-
trol group has no bone defects, the 45 degree
bone defect group has 2 mm-deep 45 range bone
defect, and the 90 degree bone defect group has
2 mm-deep 90 range bone defect. Measuring
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RFA and taking digital radiography were per-
formed before bone defect preparation and after
45 range, 90 range bone defect preparation(Fig. 3).

The Osstell™(Integration Diagnostic Ltd., Got-
eborg, Sweden) was used to measure resonance
frequency and the transducer(F1L5) was fas-
tened to prepared specimen parallel to the X-
ray beam. Remeasurement was done when dou-
ble peak was read at resonance frequency mea-
surement. RFA measurement results were record-
ed as Implant Stability Quotient(ISQ)s.

The specimen and holding device were connected



a

b

Fig. 4. Region of interest(a) and magnification of third thread(b).

using mounting screw for reproducible radiog-
raphy and x-ray generator(CDX2000U, Biomedisys,
Korea) and CCD sensor were used with 60kVp,

10 mA, 0.4 sec exposure time condition for
projection standardization. The digital images
were saved as JPG files, that were presented
gray value of 256 level to facilitate visualization.
The “region of interest™ was selected inside suc-
cessive three threads range that is suspected
peri-implant bone changé(Fig. 4). From the first
thread to third thread was similar vertical distance
with 2 mm-deep bone defect. The data was
received from mean of gray values inside area from
the first thread to third thread, and that area of
inside thread was selected by one observer. The
mean gray value of selected area was obtained by
using photoshop program(Adobe photoshop
6.0, Adobe, USA), and mean gray value of three
thread was calculated. This was repeated three
times and that mean was calculated.

Statistical analysis was done with 95% confidence
level using SPSS Ver 12.0(SPSS Inc., USA) for
Window. Paired t-test was used for change of ISQ
values, change of gray values according to degree
of bone defect. Pearson correlation test was per-
formed for correlation of ISQ value and gray
value at each bone defect condition. The change
of ISQ value between each group and the difference
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of gray value between each group were obtained,
and Pearson correlation test was used for corre-

lation of result of two abstracted values(p<0.05).
RESULT

1. Change of RFA value according to bone defect

change.
There were statistically significant decrease
of ISQ between control group and 45 degree
bone defect group, control group and 90
degree bone defect group, 45 degree bone
defect group and 90 degree bone defect
group(p<0.05)(Table I, II, Fig. 5).

2. Change of radiography according to bone

defect change.
Mean gray value to third thread was showed
statistically significant decrease of bone den-
sity and gray value according to the increase
of bony defect(p<0.05)(Table I, II, Fig 6).

3. Correlation test between RFA and radiogr-
phic method according to bone defect.
Pearson correlation coefficients(r) between
ISQ and gray value at each bone defect group
were 0.251 after insertion of implant, 0.328 at
45 degree bone defect, 0.195 at 90 degree bone
defect, and there were no correlation with
statistical significance(Table III).



Table 1. The mean and standard deviation(SD) of ISQ values and gray vaiues according to simulated defects

Simulated N Mean+5D SE of mean
ISQ initial 20 85.95 + 4.57 1.02
15Q 45 degree 20 84.45 + 4.84 1.08
I5Q 90 degree 20 82.35 + 4.98 111
Gray value initial 20 137.10 £ 9.76 218
Gray value 45 degree 20 121.95 + 7.54 1.69
Gray value 90 degree 20 106.56 + 1544 345

Table II. Change of ISQ values and gray values according to simulated defects (paired t-test)

Technique Mean £ SD n=20 95% confidence interval t p-value*
RFA method (I5Q)
Initial - 45 degree -1.50 + 1.19 942 ~2.058 - 563
Initial - 90 degree -3.60 + 2.06 2635 ~4.565 781 } <0.05*
45 degree - 90 degree 210+ 137 1458 ~ 2,742 684
Radiographic method(gray value)
Initial - 45 degree -15.14 + 6.20 12.24~18.04 1092
Initial - 90 degree 3053 £ 13.15 24.38 ~ 36.69 1038 :l <0.05*
45 degree - 90 degree -15.39 + 10.53 1046~20.32 654
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Fig. 5. The ISQ value changes of each specimen according to simulated bony defects(a, b).

4. Correlation between RFA and radiographic defect group(r=0.132, r=0.428), but there was
method after abstraction of each group. correlation between 45 degree bone defect
There was no correlation between control group and 90 degree bone defect group(r=0.663)
group and 45 degree bone defect group and (Fig. 7, Table III).

between control group and 90 degree bone
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Table III. Pearson correlation test between ISQ values and gray values

15Q value & Gray value N Correlation(r) p-value®
initial 20 0.251 0287
45 degree 20 0.328 0.157
90 degree 20 0.19 0410
45 degree - initial 20 0.132 0579
90 degree - initial 20 0428 0.060
90 degree - 45 degree 20 0.663 0.001*
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Fig. 6. The mean gray value changes of each specimen according to simulated bony defects(a, b).
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Fig. 7. Correlation between ISQ values and mean gray
values.

741

DISCUSSION

There were efforts that determined the rela-
tionship between histomorphometric study and
RFA when evaluated bone-implant interface,*
and assessed correlation between removal torque
and bone-implant interface™ and correlation
between cutting torque and peri-implant bone
area." High correlation was found when comparing
the mean torque values of the upper/crestal
portion with resonance frequency values,” but no
correlation could be found between the reso-
nance frequency analysis and the bone mineral
density.”® Many in vitro, in vivo studies verified
that resonance frequency analysis represented
implant stability as objective quotient, and this



method could be adopt as a clinical tool for
assessing peri-implant bone condition.”** Effective
implant length(EIL) termed the exposed threads
on peri-implant bone and added to the length of
each abutment. The increase of EIL related to
decrease of resonance frequency value, suggest-
ed by Meredith et al® Higher stiffness of implant
interface relate to higher resonance frequency
analysis value,” transducer design could effect
result of measurement.

Huang et al* suggested that resonance fre-
quency analysis value was decreased when the
bone densities were decreased in finite element
method study. A lower boundary density led
to more obvious RF changes on respective increas-
ing effective implant length.” Friberg et al”
reported resonance frequency value was related
to alveolar bone of upper/crestal portion, but
other study proposed resonance frequency analy-
sis was related to bone-implant complex.” In
this study, implant fixtures were installed to be
engaged bilaterally because its stabilities were not
controlled when cortical bone would be removed.

ISQ values were decreased as the bone defect
enlargement from control to 45 degree, 90 degree.
These suggested informations about vertical,
horizontal bone defect. Bone-implant connec-
tion area decreases led to decrease of stability and
decreases of bone density inside region of inter-
est. Gray values could be represented range from
0 to 255, higher values mean higher bone densi-
ties. Gray value was showed more decreasing
because of presentation rangé of gray value were
wider according to the increase of defect area(Fig.
8). Standard deviation of gray value were coincide
with standard deviation range of gray value of pre-
vious study that used digital subtraction radi-
ography,®? their standard deviation were wider
than ISQ' s. It may be high intraobserver variability
despite of repeated measurement for three times

when selected inside thread area and measured
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gray value in digital image(Table I ). Further
trials have to do for reproducible measurement
about gray value.

There were no correlation between ISQs and gray
values in serial bone defect area, It could be
thought that ISQs were influenced by surrounding
bone density, especially stiffness of cortical bone
that contact with implant,” that gray values were
influenced by not only peri-implant bony change
but also superimposed bone density change
because it could be gained by transferring 3-
dimensional structure to 2-dimension.”

The control group, 45 degree bone defect group,
90 degree bone defect group were subtracted
with three combination for correlation analysis
between ISQ and gray value according to bone
defect changes. Result of correlation analysis
between two methods indicated that there were
high correlation(r=0.663) when subtracted with
45 degree bone defect group and 90 degree bone
defect group. No correlations were found at the
other combinations. It may be related to experi-
ment design. According to the report about
microtomographic technique, embedded specimen
to resin decreased the quality of the image due to
some radiopacity of resin.® In this study, implant
thread portion was superimposed by cortical
bone due to parallel direction with X-ray gener-
ator. It seemed to decrease the accuracy when
determining subtle bone mineral density change.

Customized film holding device was fabricat-
ed to correct 3-dimensional distortion between X-
ray generator and object when taking a digital
image.”?

The report provided quantitative marginal
bone level measurement for assessing peri-
implant bone condition using radiography.”*
In this study, bone density change inside the
thread areas were represented with gray val-
ues, and basic principle of digital subtraction
method applied to evaluate the bony change.



Digital Subtraction Radiography(DSR) supplied
with computerized to present the difference
between two radiographs by removing the resid-
ual images of anatomical structures and is very use-
ful to evaluate peri-implant bone change. But
the quality of that is determined by geometry, stan-
dardized contrast of structure and overlapping con-
sistency of two radiographs.”®

Subtraction image was obtained to find subtle
bony change of region of interest. It could deter-
mine through visible image and be diagnosis* But,
it was difficult to discriminate background gray
value of 128 with bony change area. Because it
could not select region of interest in subtraction
image.” The mean of gray value of inside thread
and the méan( gray value of three thread areas in
two radiographic image were obtained and those
were subtrdcted. The standardization of geome-
try is needed for digital subtraction radiogra-
phy,® but device and equipment for DSR are
expensive and too cumbersome for clinical use.
Furthermore, selection of proper technique is
difficult because they lack comparal:;ﬂity. Therefore,
digital subtraction radiography was suggested as
a simple tool while bone density change was
not represented as quantitative result but as vis-
ible result for clinical use.*

This study made an effort to reproduce in vit-
ro condition, but it had a limitation for applying
clinic. Further studies will be needed with vari-
ous bone defect conditions.

CONCLUSION

Within a limitation of this study, ISQ value of res-
onance frequency analysis was changed accord-
ing to peri-implant bone change (p<0.05) and
gray value of radiographic method was changed
according to peri-implant bone change (p<0.05).
There was no correlation between the ISQ value
and the gray value for peri-implant bone change
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{(p>0.05). But, in horizontal defect condition, rel-
atively positive correlation were between ISQ

and gray values(r=0.663).

REFERENCES

1. Albrektsson T, Zarb GA, Worthington P, Eriksson
RA. The long-term efficacy of currently used den-
tal implants. A review and proposed criteria of suc-
cess. Int J Oral Maxillofac Implants 1986;1:11-25.

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

3. Cho IH. The Periotest methods as a measure of jaw
bone quality. ] Korean Dent Assoc 1994;32:520-9.

4, Black J. Push-out tests. ] Biomed Mater Res
1989;23:1243-5.

5. Carlsson L, Rostlund T, Albrektsson B, Albrektsson
T. Removal torque for polished and rough titani-
um implants. Int ] Oral Maxillofac Impl 1988;3:21-
4.

6. Ericsson I, Johansson CB, Bystedt H, Norton MR.
A histomorphometric evaluation of bone-to-implant
contact on machine-prepared and roughened ti-
tanium dental implants. Clin Oral Impl Res
1994;5:202-6.

7. Huang HM, Chiu CL, Yeh CY, Lin CT, Lin LH, Lee
SY. Early detection of implant healing process
using resonance frequency analysis. Clin Oral
Impl Res 2003;14:437-43.

8. Meredith N, Alleyne D, Cawley P. Quantitative de-
termination of the stability of the implant-tissue in-
terface using resonance frequency analysis. Clin Oral
Impl Res 1996,7:261-7.

9. Sennerby L, Meredith N. Resonance frequency

analysis: measuring implant stability and os-

seointegration. Compendium 1998;19(5):493-502.

Grondahl K, Lekholm U. The predictive value of

radiographic diagnosis of implant instability. Int

] Oral Maxillofac Implants 1997;12:59-64.

Sundén S, Grondahl K, Brondahl HG. Accuracy and

precision in the radiographic diagnosis of clinical

instability in Brdnemark dental implants. Clin

Oral Impl Res 1995;6:220-6. :

Grondahl K, Sundén, Grondahl HG. Inter- and in-

traobserver variability in radiographic bone level

assessment at Brénemark fixtures. Clin Oral Impl

Res 1998;9:243-50.

White SC, Pharoah M]J. Oral radiology: Principles

and interpretation. St. Louis, CV Mosby, 2000.

Bischof M, Nedir R, Szmukler-Moncler S, B JP,

Samson J. Implant stability measurement of delayed

and immediately loaded implants during heal-

ing. A clinical resonance-frequency analysis study
with sandblasted-and-etched ITI impalnts. Clin Oral

Impl Res 2004;15:529-39.

10.

11.

12,

13.

14.



15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Wennerberg A, Albrektsson T, Andersson B, Krol
JJ. A histomorphometric and removal torque
study of screw-shaped titanium implants with
three different surface topographies. Clin Oral
Impl Res 1995;6:24-30.

Friberg B, Sennerby L, Roos J, Lekholm U.
Identification of bone quality in conjunction with
insertion of titanium implants. Clin Oral Impl
Res 1995;6:213-9.

Friberg B, Sennerby N, Meredith N, Lekholm U. A
comparison between cutting torque and reso-
nance frequency measurements of maxillary im-
plants. A 20-month clinical study. Int J Oral
Maxillofac Surg. 1999;28:297-303.

Nkenke E, Hahn M, Weinzierl K, Radespiel-
Tro?ger M, Neukam FW, Engelke K. Implant sta-
bility and histomorphometry: a correlation study
in human cadavers using stepped cylinder im-
plants. Clin Oral Impl Res 2003;14:601-9.

O’ Sullivan D, Sennerby L, Meredith N.
Measurements comparing the initial stability of fie
designs of dental implants. A human cadaver
study. Clin Oral Den Rel Res 2000;2(2):85-92.

O’ Sullivan D, Sennerby L, Meredith N. Influence
of implant taper on the primary and secondary sta-
bility of osseointegrated titanium implants. Clin Oral
Impl Res 2004;15:474-80.

Glauser R, Sennerby L, Meredith N, Rée A, Lundgre
A, Gottlow J, Haimmerle CHF. Resonance fre-
quency analysis of implant subjected to imme-
diate or early functional occlusal loading. Successful
vs failing implants. Clin Oral Impl Res 2004;15:428-
34.

Huang HM, Chiu CL, Yeh CY, Lin CT, Lin LH, Lee
SY. Early detection of implant healing process
using resonance frequency analysis. Clin Oral
Impl Res 2003;14:437-43.

Meredith N, Book K, Friberg B, Jemt T, Sennerby
L. Resonance frequency measruements of implant
stability in vivo. A cross-sectional and longitu-
dinal study of resonance frequency measurements
on implants in the edentulous and partially den-
tate maxilla. Clin Oral Impl Res 1997;8:226-33.
Huang HM, Lee SY, Yeh CY, Lin CT. Resonance fre-
quency assessment of dental implant stability
with various bone qualities: a numerical approach.
Clin Oral Impl Res 2002;13:65-74.

Huang HM, Chiu CL, Yeh CY, Lee SY. Factors in-
fluencing the resonance frequency of dental im-
plants. J Oral Maxillofac Surg 2003;61:1184-8.
Huh Y], Jeon IS, Huh MS, Lee SS, Choi SC, Park TW,

744

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Kim JD. A comparative study on the accuracy of
digital subtraction radiography according to the
aquisition methods of reconstructed images.
Korean J Oral Maxillofac Radiol 2002;32:107-11.
Han W]. A comparison of subtracted images from
dental subtraction programs. Korean ] Oral
Maxillofac Radiol 2002;32:147-51.

Sennerby L, Wennerberg A, Pasop F. A new mi-
crotomographic technique for non-invasive eval-
uation of the bone structure around implants.
Clin Oral Impl Res 2001;12:91-4.

Jeffcoat MK, Reddy MS, Webber RL, Williams
RC, Ruttimann UE. Extraoral control of geometry
for digital subtraction radiography. J Periodont Res
1987;22:396-402.

Meijer HJA, Steen WHA, Bosman F. Standardized
radiographs of alveolar crest around implants in
the mandible. J Prosthet Dent 1992;68:318-21.
Bergkvist G, Sahlholm S, Nilner K, Lindh C.
Implant-supported fixed prostheses in the eden-
tulous maxilla. A 2-year clinical and radiologi-
cal follow-up of treatment with non-submerged ITI
implants. Clin Oral Impl Res 2004;15:351-9.
Lehmann TM, Grondahl HG, Benn DK. Computer-
based registration for digital subtraction in dental
radiology. review. Dentomaxillofac Radiol
2000;29:323-46.

Grondahl K, Grsndahl HG, Webber RL. Influence
of variations in projection geometry on the de-
tectability of periodontal bone lesions. J Clin
Periodontol 1984;11:411-20.

Bragger U, Buirgin W, Lang NP, Buse D. Digital sub-
traction radiography for the assessment of changes
in peri-implant bone density. Int J Oral Maxillofac
Implants 1991;6:160-6.

Mol A. Dunn SM. The performance of projective
standardization for digital subtraction radiography.
Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2003;96:373-82.

Kwon Y, Kim YS, Kim CW. Assessing changes of
peri-implant bone using digital subtraction radi-
ography. J Korean Acad Prosthodont 2001; 39(3):273-
82.

Reprint request to:

Dr Cuan-Jin Park

Derr. oF ProstaoponTics, Cotiece oF DenTistry,

Kancnung Nationar UNiversiry.

123, Jisyun-Done, Ganenune, Gangwon-Do, 210-702, Korea
doctorcj@kangunung.ac.kr



