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Digital subtraction radiography may be one of the most precise and noninvasive methods for as-
sessing subtle density changes in peri-implant bone, providing additional diagnostic information
on implant tissue integration in overall maintenance.

The aims of this study were to evaluate density changes after first, second surgery of dental implant
and to measure the amount of marginal bone loss 9 months after second surgery using digital sub-
traction radiography.

Bone change around 30 screw-shaped implants in 16 patients were assessed on radiographs. 17
Brénemark implants of 3.75mm in diameter(Nobel Biocare, Gsteborg, Sweden), 2 Brinemark im-
plants of 5.0mm in diameter, 11 Replace™ implants of 4.3mm in diameter(Nobel Biocare, Géteborg,
Sweden) were used. To standardize the projection geometry of serial radiographs of implants, cus-
tomized bite block was fabricated using XCP film holder(Rinn Corporation, Elgin, IL.) with poly-
ether impression material of Impregum(ESPE, Germany) and direct digital image was obtained.
Qualitative and quantitative changes on radiographs were measured with Emago software(The Oral
Diagnostic System, Amsterdam, Netherlands).

The results were as follows:

1. The peri-implant bone density of 69.2% implants did not change and the peri-implant bone den-
sity of 30.8% implants decreased after 3 months following first surgery.

2. The crestal bone density of 53.9% implants decreased first 3 months after second surgery. The cre-
stal bone density of 58.8% implants increased 9 months after second surgery. No density
change was observed around the midportion of the implants after second surgery.

3. The amount of marginal bone loss between different kinds of implants showed no statistically
significant differences (p>0.05).

4. More than 90% of total marginal bone loss recorded in a 9-month period occurred during the first
3 months.

Key Words
Digital Subtraction Radiography, Implant, Peri-implant bone, Emago

K in connection with annual follow-up examinations
diographic assessments have an important role of patients treated with dental implants.' From
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these, the condition of the peri-implant bone tissues,
the degree of marginal bone loss, and the state of the
mechanical components may be judged. Periapical
radiographs are routinely used to evaluate changes
in the peri-implant bone height and to detect angu-
lar bone defects.” Conventional evaluation of intra-
oral radiographs has shown to be of limited diagnostic
value for early detection of subtle bone changes* a
low sensitivity and a high interexaminer and intraex-
aminer variability are the major drawbacks.*
Radiographs are a two-dimensional picture of a
three-dimensional reality. Superimposition of
anatomic structures impedes the detection of small
changes in bone density.”* With conventional radi-
ographs, a change in mineralization of 30% to 60%
is necessary to be detected even by experienced
radiologists.”*" Methods have been developed to
increase the sensitivity in detecting small changes in
density representing resorption, remodeling, and bone
apposition, and for detecting other healing events or
pathologic changes in peri-implant bone tissue
before the alterations in bone height become obvi-
ous.”

Digital subtraction radiography analysis includes
qualitative and quantitative assessments of the
changes in density and may be among the most sen-
sitive noninvasive methods for obtaining diagnos-
tic information on density changes in studies using
standardized dental radiographs.” The concept un-
derlying subtraction radiography is simple. An
image processing computer subtracts all unchang-
ing structures from a set of 2 radiographs taken
at 2 different examinations. The result is a neutral grey
background in the areas that have not changed;
areas of bone gain are shown in shades of grey
darker than the background and areas of bone loss
appear lighter. This method has already been in-
troduced into dental radiology to evaluate crestal bone
changes determining the effect of periodontal ther-
apeutic procedures and has been shown to be a
sensitive and specific method for the detection of small
bony changes in peri-implant site. Ortman et al.*
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showed that examiners who used subtraction images
could detect alveolar bone changes of 1% to 5%
per unit volume as measured by iodine-125 ab-
sorptionmetry.

Application software of digital subtraction ra-
diography developed to work in the Microsoft
Windows environment provides for a common
graphical user interface and operating system in-
frastructure to develop integration and communi-
cation. An example of specially designed software
is Emago(The Oral Diagnostic System, Amsterdam.
Netherlands). Emago software was first developed
in 1992 at version 2.0 and has been recently up-
dated to version 3.2. This program automates the
mathematical reconstruction which corrects for the
differences in exposure angles and subtraction pro-
cedure.

The aim of this study was to assess the change of
bone density after first, second surgery of dental im-
plant and the amount of marginal bone loss during
9-months after second surgery using digital sub-
traction radiography.

MATERIALS AND METHOD

Radiographic image acquisition

Bone changes around total thirty endosseus root-
form implants placed in sixteen patients were assessed
on radiographs. 17 Brinemark implants of 3.75mm
in diameter(Nobel Biocare, Giteborg, Sweden), 2
Brinemark implants of 5.0mm in diameter, 11
Replace™ implants of 4.3mm in diameter(Nobel
Biocare, Géteborg, Sweden) were used. Only partially
edentulous patients of one to three missing teeth with
adjacent natural tooth were selected to standardize
the X-ray projection geometry.

To standardize the projection geometry of serial
radiographs of implants, customized bite block(as
described by Duckworth et al.”®) was fabricated us-
ing XCP film holder(Rinn Corporation, Elgin, IL.) with
polyether impression material of Impregum(ESPE,
Germany) and direct digital image was obtained(Fig.



Fig. 1. XCP film holder.

Fig. 3. Aiming ring & indicating arm.

1~3). Briefly, occlusal registrations of the area of in-
terest were obtained by having the patient bite on a
polyether impression material that was placed on a
XCP film holder. Identical exposure conditions
were provided for X-ray generating device.

This study was divided into two tests. The aim of
test 1 was to assess changes of bone density from first
surgery to second surgery. Direct digitial X-ray
images were obtained 0 month, 3 months, 6
months(two implants in Maxillae only)after first
surgery. thirteen implants placed in seven patients
were included in test 1(Table I).

The aims of test 2 was to assess bone density
changes and the amount of marginal bone loss
from the time of second surgery to nine months af-

ter the surgery. Seventeen implants placed in nine
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Fig. 2. Customized jte block polyether impression
material.

Table [ . Number and type of implants for the
test of bone change after first surgery

Sex Location
Type Total
M F Mx. Mn
Brinemark(3.75D) 6 2 4 6
Replace™(4.3D) 5 2 7 7
Total 5 8 2 11 13

Table 1. Number and type of implants for the
test of bone change after second surgery

Sex Location
Type Total
M F Mx Mn
Brinemark(3.75D) 6 5 1 10 11
Brinemark(5.0D) 2 2 2
Replace™(4.3D) 2 2 2 2
Total 10 14 17

patients were included in test 2(Table II). X-ray
images were obtained 0 month, 3 months(the time
of abutment connection), 9 months after the second
surgery. The patients were restored with fixed par-
tial denture and instructed not to have tough or hard
diets with the new prosthesis.

Digora(direct image plate system) was used to cap-
ture radiographic image instead of conventional
X-ray film. Digora includes a phosphor photo stim-
ulation screen. This reusable screen stores the pho-



Fig. 6. Linear subtraction with grey level histogram. ROI
: crestal area.

o (hanat
(nGrey 84 8d 27.318)

Fig. 8. An example of increased crestal bone density.
“ROI “of crestal bone was selected and the density
was evaluated in grey level histogram.
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Fig. 5. Linear subtraction.

872 [nGrey 77 sd 10,723

mean 117.97:_* N
S R S
Fig. 7. An example of decreased peri-implant bone.

“Region Of Interest(ROI)" of peri-implant bone was
selected and the density was evaluated in grey level his-
togram.

ton energy when hit by an X-ray beam, and emits
light when it is scanned by a scanner, the mea-
surements are displayed on the monitor, and stored
in the computer as a digital image. Direct image plate
systems have many advantages over film-based
systems. The primary advantages of storage phos-
phors are a wide dynamic range due to automatic
exposure control, and low dose requirements. The
amount of energy stored in the image plate is linearly
proportional to the X-ray exposure. The linearity is
maintained throughout the entire dose range, which
means that the image plate can hardly be over- or un-

derexposured.



Image processing of digital image

Obtained images were processed on a personal
computer using the Windows-based Emago/
Advanced version 3.2 software(The Oral Diagnostic
System, Amsterdam, The Netherlands). Two images
to be subtracted were displayed side by side on
the monitor. Small geometric differences were ad-
justed by a geometric correction algorithm. For
this purpose, four references points in both im-
ages were defined. The second images were re-
constructed using the same four points before the sub-
traction process(Fig. 4). In order to correct any
changes in density due to different exposure con-
ditions, the grey-level histograms of the two images
were compared and adjusted using contrast correction
algorithm.® After the grey-level adaptation, the
subtraction was performed(Fig. 5). Within the sub-
traction images, areas of interest were identified click-
ing the mouse button to draw “region of interest”
(ROI). The mean and range of the grey levels of pix-
els within a particular ROI were calculated(Fig.
6~8). Regions were defined as control areas, where
no change was expected(ie, on the interocclusal
space, on an implant head), and as test areas, where
changes in peri-implant bone were probable(ie.
crestal bone, bone around midportion of fixture).

H Increase

7“
6 No Change
5 0 Decrease
No. of 4F P
Implants 3
2
1
0

BM(3.75) RP(4.3)
Type of Implants

Fig. 9. Peri-implant bone density 3 months after first
surgery.
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Measurement of digital image

1) Bone Density

In subtracted image, minute bone density changes
are not detected to naked eye. Emago software en-
ables subtracted image to be analyzed automatically
by figured gray level of pixels. Grey level over 128
means increased bone density and grey level under
128 means decreased bone density(Fig. 6~8). So,
bone density change of subtracted images were
evaluated in gray level-based histogram. Regions of
Interest(ROI) could be selected and expressed in gray
level histogram.

2) Marginal Bone Loss

After successful reconstruction, the amount of
marginal bone loss were measured using measuring
device in Emago. With this device the marginal
bone loss was presented as the number of pixels be-
tween the two points. The actual amount of marginal
bone loss was calculated as L1 X L2/

L3(L1=the number of pixels between bone loss, L2=
actual length between two known points, L3= the
number of pixels between two known points.

RESULT

In test 1, the peri-implant bone density of four im-
plants decreased after first surgery. The histograms
of the grey levels within windows at alveolar bone
around implants showed a shift to the left from a grey
level of 128. No density change was observed
around the nine implants. During 3-6 months, no den-
sity change was observed around the 2 implants in-

Table . Peri-implant bone density 3 months
after first surgery

. Inc- No Dec-
Type Density Total
rease change rease
Branemark(3.75D) 2 4 6
Replace™(4.3D) 7
Total 9 4 13




B increase
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No. of
Implants
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RP(443 '
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BM(3.75)

Fig. 10. Crestal bone density 3 months after second
surgery.
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8 No Change
7 £ Decrease
6
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Fig. 11. Crestal bone density 9 months after second

Surgery.
3 BM(3.75D)
(mm)0.9¢ < BM(5.0D)
D]RP(4.3D)

0-3months 0~8months

Fig. 12. Marginal bone loss(mm) after second surgery.

stalled in the maxillae(Table 11, Fig. 9).

In test 2, the density of crestal bone around sev-
en implants decreased 3 months after second
surgery. The histograms of windows placed in the

278

Table V. Crestal bone density 3 months after
second surgery

Density Inc- No  Dec-
: Total
Type rease change rease
Branemark(3.75mm) 4 7 11
Branemark(5.0mm) 1 1 2
Replace™(4.3mm) 2 2 4
Total 1 7 9 17

Table V. Crestal bone density- 9 months after
second surgery

Density Inc- No  Dec-
Total
Type rease change rease
Brinemark(3.75mm) 8 3 11
Branemark(5.0mm) 2 2
Replace™(4.3mm)
Total 10 17

Table V. Marginal bone loss(mm) for each im-
plant at different follow-up examinations

Type Term 0-3months 0-9months
Brénemark Mean -0.55 -0.65
(3.75mm) SD 0.32 0.25
Branemark Mean -0.12 0.46
(5.0mm) SD -0.23 0.62
Replace™ Mean -0.85 0.32
(4.3mm) Sb -0.90 0.14
Mean -0.57 0.39
Total
SD -0.62 0.34

area, where loss of density is visible, clearly showed
a shift to the left from a grey level of 128(Table IV,
Fig. 10). After 6 month of loading, the density of ten
implants increased. In these implants, the his-



Table V. Statistical analysis of marginal bone
loss Test Statistics a,b

0-3months 0-9months
Chi-square 4.226 2476
df 2 2
Asymp.Sig. 0.121 0.290

a. Kruskal-Wallis Test
b. Grouping variables: implant type

tograms of windows placed at alveolar crest showed
a shift to the right from a grey level of 128. No
density change was observed around the midpor-
tion of the implants after second surgery. Windows
place;i more apically(midportion) showed his-
tograms with a peak at 128 grey levels(Table V, Fig.
11).

The mean length of marginal bone loss around to-
tal dental implants was 0.57mm =+ 0.39mm during first
3 months and 0.62mm =+ 0.34mm 9months after sec-
ond surgery(Table VI, Fig. 12). More than 90% of to-
tal marginal bone loss recorded in a 9-month peri-
od occurred during the first 3 months. Preliminary
statistical analysis with the Mann-Whitney U test in-
dicated that no statistically significant difference ex-
isted with regard to sex, jaw, or implant length.
Age was not found to be a statistically significant fac-
tor according to a correlation test. The amount of mar-
ginal bone loss during the 9-month period was
statistically analyzed with the Kruskal-Wallis test us-
ing SPSS/PC+software(SPSS, Chicago, IL.). The
amount of marginal bone loss after 3, 9 months
had not statistically significant differences between
three groups according to the Kruskal-Wallis
test(P>0.05)(Table VI).

DISCUSSION

Radiographic analyses of maxillary and mandibu-
lar bone associated with implant placement provide
the medium for evaluating the suitability of a certain
site for implant placement” and diagnosing changes
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in bone tissue following implantation as well as
during tissue integration.? Long-term clinical eval-
uation of dental implants and their superstructure
is necessary to gain more insight in the cause of suc-
cess and failure of this therapy. One of the items that
need to be evaluated is the marginal bone height in
the region of the implants. A decrease of bone lev-
el indicates that the implant is losing its bony an-
chorage. Alveolar bone resorption commonly pro-
gressed to the sidewall of the cuff region, whether
a result of stress on the implants”™*® or bacteria-induced
peri-implant destruction.®® It was stabilized when
the bone loss reached the threaded area. Another fac-
tor related to initial bone loss is the damage from the
initial surgical procedure. Adell et al.” claimed
that surgical trauma such as that evolving from
periosteal elevation and alveolar bone removal
could speed up bone loss.

These small changes emphasize the requirement
for accurate and reproducible techniques in radi-
ographic evaluation of the state of the bone height.*
Conventional radiographs are of limited value for
reliable assessment of subtle alveolar bone changes.’
The application of digital image analysis in peri-im-
plant tissue has increased sensitivity in the detection
of subtle bone density changes.” .

The increasing tendency in bone density in digi-
tal subtraction was not observed 3 months after
first surgery in this study. The decreasing tenden-
cy in bone density was observed after the first 3
months following second surgery. The following 6
months showed some increasing trends near the crest
bone. Adell* and Branemark et al.” observed suc-
cessfully osseointegrated implants and found increases
in bone density with horizontal orientation of peri-
implant trabeculae from the threads. Albrektsson et
al.* reported that the horizontal lamination started
at the implant edges in radiographic and in histologic
observations. They suggested that the threads could
distribute the stress to a large area.

A 15-year study reported by Adell et al.” indicated
that alveolar bone loss during the first year after abut-



ment connection averaged 1.2mm, and annual bone
loss thereafter remained at approximately 0.1mm for
both the maxilla and the mandible. One of the cri-
teria for implant success suggested by Smith and
Zarb® was that less than 0.2mm of alveolar bone loss
should occurr per year after the first year. The
mean length of marginal bone loss around total
dental implants was 0.57mm = 0.39mm during first
3 months and 0.62mm=+0.34mm 9 months after
second surgery. The amount of marginal bone loss
between different kinds of implants had no statis-
tical significances. Rapid bone loss occurred in the
first 3 months for all types of implants. More than 90%
of total marginal bone loss recorded in a 9-month pe-
riod occurred during the first 3 months. Surgical trau-
ma such as that evolving from periosteal elevation
and alveolar bone removal could speed up bone loss.
Periosteal stripping is said to kill a lot of osteo-
progenitor cells resulting in a reduced osteogenic re-
action limiting the healing response. Marginal bone
loss after abutment connection was relatively small.
Marginal bone loss for 3 to 9 months may be at-
tributed to trauma at the time of abutment con-
nection and stress on the implant during mastication.
This study was relatively short-term study. Longer
observation is required to compare it with the long-
term studies.

CONCLUSIONS

The present study measured marginal bone loss
and bone density changes through the digital sub-
traction radiographs around endosseous root-form
implants.

The results were as follows: The peri-implant
bone density of 69.2% implant did not change and
the peri-implant bone density of 30.8% implants de-
creased 3 months after first surgery.

1. The crestal bone density of 53.9% implants de-
creased after first 3 months following second
surgery.

2. The crestal bone density of 58.8% implants in-

creased 9 months after second surgery. No den-
sity change was observed around the midportion
of the-implants after second surgery.

3. The amount of marginal bone loss between dif-
ferent kinds of implants had no statistically sig-
nificant differences (p>0.05).

4. More than 90% of total marginal bone loss record-
ed in a 9-month period occurred during the first

3 months.

REFERENCES

1. Grondahl K, Lekholm U. The Predictive value of
radiographic diagnosis of implant instability IJO-
MI 1997;12:59-64.

2. Lindquist LW, Rockler B, Carlsson GE: Bone re-
sortion around fixtures in edentulous patients
treated with mandibular fixed tissue-integrated pros-
theses. ] Prosthet Dent 1988;59:59-63.

3. Lang NP, Hill RW: Radiographs in periodontics.
J Clin Periodontol 1977;4:16-28.

4. Akesson L, Hankansson J, Rohlin M. Comparison
of panoramic and intraoral radiography and pock-
et probing for the measurement of the marginal bone
level. J Clin Periodontol 1992;19:326-32.

5. Kornman Ks. Nature of periodontal diseases: as-
sessment and diagnosis. ] Periodontal Res
1987;22:192-204.

6. Stassinakis A, Brégger U, Stojanovic M, Biirgin
W, Lussi A, Lang NP. Accuracy in detecting bone
lesions in vitro with conventional and subtracted
direct digital imaging. Dentomaxillofac Radiol
1995;24:232-7.

7. Matteson SR, Deahl ST, Alder ME, Nummikoski PV.
Advanced imaging methods. Crit Rev Oral Biol Med
1996;7:346-95.

8. Giirgan C, Gréndahi W, Wennstrom JL. Radiog-
raphic detectability of bone loss in the bifurca-
tion of mandibular molars: an experimental study.
Dentomaxillofac Radiol 1994;23:143-8.

9. Ortman LF, McHenry K, Hausmann E, Relationship
between alveolar bone measured by absorption-
metry with analysis of standardized radiographs.]
Periodontol 1982;53:311-4.

10. Southard KA, Southard TE. Detection of simu-
lated osteoporosis in human anterior maxillary alve-
olar bone with digital subtraction..Oral Surg Oral

‘Med Oral Pathol 1994;78:655-61. )

11. Southard KA, Southard TE. Detection of simu-
lated osteoporosis in dog alveolar bone with the use
of digital subtraction. Oral Surg Oral Med Oral
Pathol 1994;77:412-8.

12. Strid KG: Radiographic results, in Brinemark P-1,
Zarb GA, Albrektsson T(eds): Tissue-Integrated
Prostheses: Osseointegration in Clinical Dentistry.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Chicago, Quintessence Publ Co.;1985:187-193.
Brdgger U: Digital imaging in periodontal radi-
ography. A review. ] Clin Periodonto] 1988;15:551-
557.

Ortman LF, Dunford R, McHenry K, Hausmann E,
Subtraction radiography and computer assisted den-
sitometric analysis of standardized radiographs: a
comparison study with I-125 absorptionmetry. J
Periodontal Res 1985;20:644-51.

Duckworth JE, Judy PF, Goodson JM, Socransky SS.
A method for geometric and densitometric stan-
dardization of intraoral radiographs. ] Periodontol
1983 Jul;54(7);435-40.

Strid KG: Radiographic procedures, in Branemark
P-I,Zarb GA, Albrektsson T(eds): Tissue-Integrated
Prostheses: Osseointegration in Clinical Dentistry,
Chicago, Quintessence Publ Co. 1985:317-327.
Roberts WE, Garetto LP, Decastro RA. Remodeling
of devitalized bone threatens periosteal margin in-
tegrity of endosseous titanium implants with
threaded or smooth surfaces: indications for pro-
visional loading and axially directed occlusion. |
Indiana Dent Assoc 1989;48(4):19-24.

Chamay A, Tschartz D. Mechanical influences in
bone remodeling. Experimental research on Wolff
s law. ] Biomech 1972;5:173-180.

Bergludh T, Lindhe J, Marinello C, Ericsson I,
Liljenberg B. Soft tissue reaction to de novo plaque
formation on implants and teeth. Clin Oral Implants
Res 1992;3:1-8.

Lindhe J. Bergludh T, Ericsson I, Liljengerg B,
Marinello. Experimental breakdown of peri-implant
and periodontal tissues: A study in the beagle
dog. Clin Oral Implants Res 1992;3:9-16.

Adell R, Lekholm U, Rockler B, Br nemark P-1. A
15-year study of osseointegrated implants in the
treatment of the edentulous jaw. Int ] Oral Surg
1981;6:387-416.

Adell R. Long-term treatment results. In:Brénemark
P-I, Zarb GA, Albrektsson T(eds). Tissue-Integrated
Prostheses: Osseointegration in Clinical Dentistry.
Chicago:Quintessence, 1985:175-186.

Brinemark P-I, Hansson BO, Adell R, Breine U,
Lindstrém ], Hallen O, Shman A. Osseointegrated
implants in the treatment of the edentulous jaw.
Experience from a 10-year period. Scand ] Plast
Reconstr Surg 1977;11(suppl 16):1-132.
Albrektsson T, Jacobsson M. Bone-metal inter-
face in osseointegration. ] Prosthet Dent 1987,57:597-
607.

Smith D. Zarb G. Criteria for success of osseoin-
tegrated endossous implants. ] Prosthet Dent
1989;62:567-575.

Schulman L.B. Surgical Considerations in Implant
Dentistry. Journal of Dental Education 52, 1988:712-
720.

Versteeg CH, Sanderink GCH, and van der Stelt PF,
Efficacy of digital intra-oral radiography in clini-
cal dentistry J.Dent. 1997;25:215-224.

281

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Griffiths GS, Brigger U, Fourmousis I and Sterne
JAC. Use of an internal standard in subtraction ra-
diography to assess initial periodontal bone
changes Dentomaxillofac. Radiol., 1996;25(2):76-81.
Ohki M, Okano T, Yamada N. A Contrast-cor-
rection method for digital subtraction radiography.
Journal of Periodontal Research 1988;23:277-280.
Brégger U, Walter Burgin, Niklaus P. Lang, Daniel
B ser, Digital Subtraction Radiography for the
Assessment of Changes in Peri-Implant Bone
Density Int ] Oral Maxillofac Implants 1991;6:160-
166.

Rethman M. Diagnosis of Bone Lesion by
Subtraction Radiography J.Periodontol. 1985;324-
328.

Jeffcoat MK. Efficacy of quantitative digital sub-
traction radiography using radiographs exposed
in a multicenter trial ] Periodont Res 1996;31:157-
160.

Edgar F. Schmidt Effect of Periodontal Theraphy
on Alveolar Bone as Measured by Subtraction
Radiography J. Periodontol. 1988:633-638.
Rethman M. Diagnosis of Bone Lesions by
Subtraction Radiography J.Periodontol. 1985 324-
328.

Kullendorff B. Subtraction radiography of inter-
radicular bone lesions Acta Odontol Scand
1992;50:259-267.

Kety Nicopoulou-Karayianni Diagnosis of alveo-
lar bone changes with digital subtraction images
and conventional radiographs Oral Surg Oral
Med Oral Pahtol 1991;72:251-256.

Webber RL Calibration errors in digital subtraction
radiography ] Periodont Res 1990;25:268-275.
Kravitz LH. Assessment of External Root Resortion
Using Digital Subtraction Radiography Journal of
Endodontics 1992;18:275-283.

Brigger U. Influence of contrast enhancement
and pseudocolor transformation on the diagnosis
with digital subtraction images(DSI) ] Periodont Res
1994;29:95-102.

X-Q Shi Comparison of observer reliability in as-
sessing alveolar bone changes from color-coding
with subtraction radiographs Dentomaxillofacial
Radiology 1999;28:31-36.

Meijer HJA, Steen WHA, Bosman F. A comparison
of methods to assess marginal bone height around
endosseous implants. ] Clin Periodontol 1993;20:250-
253.

Reprint request to:

Dr Yunc-Soo Kim

Derr. or ProstHODONTICS, COLLEGE OF DENTISTRY

Seour Nationar Univ.

28-1, Yeomaun-Dong, Croneno-Gu, Seout, 110749, Korea

Tel:+82-2-760-2661,

Fax:+82-2-760-3860



