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Evaluation of an endosseous titanium implant with a sandblasted and acid-etched sur-

Previous studies have demonstrated in short-term experiments that a sandblasted and
acid-etched (SLA) titanium implant had a greater bone-to-implant contact than a tita-
nium plasma-sprayed (TPS) implant in non-oral bone. In the present study, an SLA
implant was compared radiographically to a TPS implant under unloaded and loaded
conditions in the canine mandible for up to 15 months. 69 implants were placed in 6
foxhounds. Standardized radiographs were taken at baseline, preload, 3, 6, 9, and 12
months of loading. Loaded implants were restored with gold crowns similar to the nat-
ural dentition. Radiographic assessment of the bone response to the implants was car-
ried out by measuring the distance between the implant shoulder and the most coronal
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bone-to-implant contact (DIB) and by evaluation of bone density changes using com-
puter-assisted densitometric image analysis (CADIA). 5 different areas-of-interest

Criteria for the predictable integration of endos-
seous dental implants date back to the late 1960s
and early 1970s. Fundamental experimental studies,
carried out by Branemark et al. (1969), Schroeder et
al. (1976, 1978, 1981) demonstrated that titanium
implants regularly healed with direct bone-to-im-
plant contacts, termed “osseointegration” or “func-
tional ankylosis” respectively. Later, many clinical
studies demonstrated that implant integration can be
achieved and maintained on a long-term basis using
submerged and nonsubmerged titanium dental im-
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(AOI) were defined coronally and apically along the implant. DIB measurements
revealed that SLA implants had significantly less bone height loss (0.52 mm) than TPS |
implants (0.69 mm) at the preload evaluation (p=0.0142) as well as at 3 months of
loading (0.73 mm/1.06 mm; p=0.0337). This difference was maintained between the
implant types during the 1-year follow-up period. The same trend was also evident for
CADIA measurements with SLA implants showing higher crestal bone density values
when comparing preload to baseline data (p=0.0890) and 3 months to baseline data
(p=0.0912). No measurable bone density changes were apparent in the apical areas of
either implant. These results suggest that SLA implants are superior to TPS implants as

‘ measured radiographically in oral bone under unloaded and loaded conditions.
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plants (Brdnemark et al. ,1977, Adell et al. 1981,
Babbush et al. 1986, Cox & Zarb 1987, Adell et al.
1990, Buser et al. 1990, 1991a, Ten Bruggenkate et
al. 1990, Behneke et al. 1992, Schmitt & Zarb 1993;
Laney et al. 1994, Mericske-Stern et al. 1994, Jemt
& Lekholm 1995). Implants utilized in these clinical
studies vary in many ways, including shape, size,
surface characteristics, surgical placement, and res-
toration.

One characteristic of titanium implants that has
received much attention in recent years is the tex-
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ture and morphology of the finished surface. This is
important, as the characteristics of the surface have
a direct impact on the integration of the implant and
provide the biological interface with the hard and
soft tissues of the oral environment. Additionally,
although often not mentioned in many papers on im-
plant systems with submerged implants, the oral en-
dosseous implant must penetrate the integument of
the body with the oral tissues, providing a “biologi-
cal seal” between the outside and inside of the
body. Biologically, this “implantogingival junc-
tion” is normally formed by the supracrestal con-
nective tissue and the oral epithelium (Schroeder et
al. 1981, Buser et al. 1989, 1992, Berglundh et al.
1991, Listgarten et al. 1991, Cochran & Mahn 1992,
Listgarten et al. 1992, Weber et al. 1996). Thus, in-
tegration of the implant includes integration of 3 tis-
sues: epithelium, soft, and hard (bone) connective
tissues. Data have now accumulated for over 10
years that clearly demonstrate that osseous integra-
tion of endosseous implants is directly affected by
the surface characteristics of the implant. These
studies have involved both in vitro experiments
(Wennerberg et al. 1993, Martin et al. 1995, Martin
et al. 1996, Schwartz et al. 1995), as well as in vivo
studies (Claes et al. 1976, Kirsch & Donath 1984,
Thomas & Cook 1985, Steinemann et al. 1986,
Block et al. 1987, Carlsson et al. 1988, Wilke et al.
1990, Buser et al. 1991b, Gottlander et al. 1992,
Weinlaender et al. 1992, Wennerberg et al. 1995).
Thomas & Cook (1985), e.g., examined the varia-
bles that influenced the apposition of bone at the im-
plant surface. Of 12 parameters studied, only sur-
face characteristics had a significant effect on the in-
tegration of the implant. Rough surfaces resulted in
the highest amount of bone-to-implant contact
whereas smooth surfaces had more areas of soft tis-
sue contact with the implant surface and less apposi-
tion to bone. As noted above, these findings have
been repeated under various circumstances and in
different types of bone and animal model systems
with similar results, indicating that rough surfaced
implants have more bone-to-implant contact com-
pared to implants with a smooth surface.

The manufacturing of implants with a rough sur-
face can be achieved in various ways. In many cir-
cumstances, these processes result in surface char-
acteristics that, in addition to being rough, are also
microporous. Very little information exists on the
effect of roughness, versus microporosity, on the in-
tegration of endosseous implants. In a study by
Buser et al. (1991b), cylindrical titanium implants
with six different surface characteristics were
placed in the metaphysis of the tibia and femur of
minijature pigs and examined histomorphometrically
after 3 and 6 weeks of healing. Results from this

study and a similar study by Wilke et al. (1990) in
sheep indicated that the extent of the bone-to-im-
plant contact and the magnitude of removal torques
were both positively correlated with an increasing
roughness value of the implant surface. However,
these studies were performed in non-oral long
bones. In addition, the study by Buser et al. (1991b),
and the majority of the studies performed on surface
characteristics of implants, were short-term evalua-
tions of implants without functional load.

Radiography is the only non-invasive method that
can be used to evaluate the reaction of bone to an
implant and to implant loading. With endosseous
implants, 2 different assessments can be performed
that evaluate distinct aspects of the bone-to-implant
response. Conventionally, linear measurements are
done to assess changes in crestal bone height (DIB)
by measuring the distance between the implant
shoulder and the most coronal bone-to-implant con-
tact (Buser et al. 1990, Weber et al. 1992). Another
method is the evaluation of bone density changes
using the computer-assisted densitometric image
analysis (CADIA) that was introduced by Brigger
et al. (1988). CADIA is a convenient density change
assessment method in which the exposure and film
processing differences can be compensated for us-
ing the unchanged areas of the same images for the
image density equalization (Brigger & Pasquali
1989, Briagger 1994),

The purpose of the present study was to compare
titanium implants with a SLA and TPS surface in
the canine mandible under unloaded and loaded
conditions for up to 15 months. This paper presents
the radiographic results utilizing the above men-
tioned methods with linear and density measure-
ments based on longitudinal standardized radiogra-

phy.

Materials and methods
Implant design and surfaces

2 different types of nonsubmerged cylindrical test
implants with a hollow-screw design were made
from grade-IV commercially pure titanium (Institut
Straumann AG, Waldenburg/BL, Switzerland). The
outer diameter was 4.1 mm, whereas the total length
was 9 mm. The suprabony, smooth portion of each
implant had a machined surface, whereas the infrab-
ony portion was 6 mm in length and had either a
TPS surface with typical roughness and porosity
values of 30-50 wm (Fig. 1) or a sandblasted and
HCVH,SO, acid-etched SLA surface with two lev-
els of roughness, one being 20-40 pm peak to peak,
and a superimposed second level at 2-4 um peak to
peak (Fig. 2.).
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Fig. 1. Scanning electron micrograph of a TPS surface (bar=20
um; original magnification x 1700).

Fig. 2, Scanning electron micrograph of a SLA surface (bar=20
Wwm; original magnification x 1700).

Study animals

6 male, lab-bred American foxhounds were used in
this study. At the beginning, these animals were
approximately 2 years of age and had a body weight
of about 30-35 kg. All animals were free of heart
worms and were quarantined.

Surgical procedures — extraction

Tooth extractions were performed under general
anaesthesia in an operating room using Pentothal®
i.v. (Thiopenthal-Na solution 4%, 0.4 ml/kg bw. —
Abbott Laboratories, North Chicago, IL, USA) as a
premedication. The dogs were placed on a heating
pad, intubated and inhalated with AErane® (Isoflu-
rane 1.5-2% — Ohmeda Carbide Inc., Liberty Cor-
ner, NJ, USA) and monitored with an
electrocardiogram during the surgery. After disin-
fection of the surgical site with Clinidine® (povi-
done-iodine solution 10%, titratable iodine 1% -
Clinipad Co., Guilford, CT, USA), local anaesthetic
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(Lidocaine HCl 2% and epinephrine 1:100,000 —
Henry Schein Inc., Port Washington, NY, USA) was
administered by infiltration at the buccal aspect of
the lower jaw. Crevicular incisions were made, and
all four premolars (P,-P,) and the first molar (M,)
were carefully extracted. Prior to extraction, P,-M,
were sectioned to avoid tooth fracture. Adaptation
of the wound margins was achieved with interrupted
sutures. Finally the remaining teeth were scaled and
cleaned.

The day of surgery, the dogs received 20 mg of
the analgesic Nubain® s.c. BID (Nalbuphine 10 mg/
ml — Astra Pharmaceutical Products Inc., Westbor-
ough, MA, USA). Three ml of the antibiotic Pen-B®
was administered s.c. (Benzathine Penicillin
150,000 L.U. + Procaine Penicillin G 150,000 L.U. —
Pfizer Inc., Lee’s Summit, MO, USA) SID every 48
h for 7-10 days. For suture removal, after a period of
7-10 days, the animals were briefly anaesthetized
utilizing a combination of xylazine, acepromazine,
atropine and ketamine i.v. (1.1 ml/15 kg bw.).

Surgical procedures — implant placement

Endosseous, non-submerged titanium implants were
inserted under the same conditions as the tooth
extractions (sterility, operating room, andesthesia)
after a healing period of 3 mo (Fig. 3). A crestal
incision was made maximizing keratinized gingiva
on each side of the incision. Mucoperiosteal flaps
were carefully reflected on the lingual and buccal
aspect. Mental foramina were exposed prior to
implant placement. The edentulous osseous ridge
was carefully flattened with an acrylic bur and copi-
ous irrigation with chilled sterile physiological
saline. Measurements were made using a boley
gauge to distribute 6 test implants on each side of
the mandible. Implant osteotomy was performed

Sacrifice Sacrifice Sacrfice
group A group B group C

| [niegraton g — Loading f— al
| )

1=
15 1{mo)

Fig. 3. Study design outlining three different groups of animals,
A, B and C. Only animals in group B and C had restorations
placed. Animals in group C had implants in place for 15 months
with restorations for 12 months.
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with torque reduction rotary instruments at 500 rpm
using again chilled saline. According to a rand-
omized starting selection, 3 of each kind of test
implants were placed in an alternating manner per
side and healing screws were placed on top of the
implants. In this fashion, no implant type had a
biased position in the arch. Due to anatomical limi-
tations, three out of the possible 72 implants could
not be placed, resulting in a total of 69 inserted
implants. If necessary, periosteal relieving and con-
touring incisions were made on the buccal and lin-
gual aspects to achieve tension-free wound closure,
with a close adaptation of the mucosa to the trans-
mucosal portion of the non-submerged implants.
Horizontal mattress and interrupted sutures were
placed. The day of surgery the dogs received 20 mg
Nubain® s.c. BID. Three ml Pen-B® were adminis-
tered s.c. SID every 48 h for 14 days. 100 mg of the
antibiotic Gentocin® (Gentamicin 50 mg/ml -
Schering-Plough Animal Health Corp., Kenilworth,
NJ, USA) were given s.c. on day 1 BID, and the
same dosage SID from days 2-10. To reduce swell-
ing, the dogs received 2 ml of the antiinflammatory
Dexaject® i.m. (Dexamethasone 2 mg/ml — Burns
Veterinary Supply, Oakland, CA, USA) SID day 1
and day 4. Sutures were removed after 7-10 days as
described above. A soft diet was utilized for the
duration of the study.

Prosthetic reconstruction

4 out of the 6 dogs constituted the loaded implant
groups, B and C (Fig. 3). 2 months after implant
placement in these animals, individual impressions
(President®, polyvinyl siloxane, Colténe/Whaledent
Inc., Mahwah, NJ, USA) were made and screw-
retained gold crowns fabricated (Fig. 4). To imitate
the natural dentition of the dogs, the P, area had sin-
gle crowns placed, whereas in the P,-M, area, con-
nected crowns on two implants were made. Octa
abutments were placed in the implants and precise
impressions were taken with standard ITI® compo-
nents (International Team for Oral Implantology)
including repositional transfer copings. Implant ana-
logs were placed in the impressions and models
made for fabrication of the restorations. Highly pre-
cise ITI® gold copings were incorporated into the
wax-ups for the crowns and bridges. The restora-
tions were inserted 3 months after implant place-
ment (Fig. 3). At time of insertion, each bridge was
carefully evaluated for passive fit by alternating
occlusal screw tightening and evaluating movement
of the restoration. In 7 bridges, where movements
were detected, they were removed and sectioned on
the models and placed as separate units to assure
passivity of fit. Finally, the restorations were seated

using 4 mm occlusal screws and adjusted in the
mouth to assure that the crowns were either out of
occlusion or had only light contact. Premolars are
not in occlusion in the foxhound and the occlusion
was maintained as naturally as possible by taking
models of the dogs before extraction and duplicat-
ing each dog’s occlusion. These models were addi-
tionally used to manufacture dog specific
radiographic stents that allowed for standardized
longitudinal radiography to be made and which also
included a standardized radiographic step wedge
(Fig. 5). Over time, most dogs exhibited wear pat-
terns on the molar restorations as well as on some
premolars.

Sacrifice

2 out of 6 dogs (group A) were sacrificed after a
healing period of 3 months and constituted the
unloaded implant group (Fig. 3). The other 4 dogs
were sacrificed after loading, 2 of them after 3
months (group B) and 2 after 12 months of loading
(group C). Euthanasia was performed with an over-
dose of Euthanasia-5® Solution i.v. (Pentobarbital
sodium, 0.2 ml=65 mg/kg bw. — Henry Schein Inc.,
Port Washington, NY, USA). Mandibles were
block-resected with an oscillating autopsy saw
(Stryker Co., Kalamazoo, MI, USA) and the recov-
ered segments with the implants were immersed in a
solution of formaldehyde 4% combined with CaCl,
1% for histologic preparation and analysis (Schenk
et al. 1984).

Radiographic evaluation — image acquisition

Baseline standardized periapical radiographs were
taken either at the time of suture removal, 7-10 days
after implant placement or within the first 3 weeks,
while the dogs were under general anaesthesia. First
follow-up radiographs were taken 3 months after
implant placement, at the time of implant loading
(preload data). Subsequently, the radiographic pro-
cedure was repeated after 3, 6, 9, and 12 months of
loading (Fig. 3). A customized acrylic stent (Fig. 5)
combined with a conventional film holding bite-
block and a paralleling beam-aiming device was uti-
lized (XCP® -~ Rinn Corp., Elgin, IL, USA). Thus,
the X-ray beam projection did not noticeably
change between two exposures of a pair of standard-
ized X-rays in horizontal orientation as well as
image distortion could be avoided due to film bend-
ing. A dental X-ray unit equipped with a 35 cm
long-cone (Gendex® — Gendex Corp., Milwaukee,
WI, USA) was used to expose the periapical
intraoral radiographs (Ultra-speed® film, size 2, 31 X
41 mm - Eastman Kodak Co., Rochester, NY,
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Ly " LT, - il
Fig. 4. This photograph demonstrates multi- and single-unit
gold crowns (screw-retained) in situ in the P;-M, area of the ca-
nine mandible. Bridges were sectioned if the restorations did
not immediately go to place passively.

AL 4

Fig. 5. Custom-made acrylic stent. An Ultra-speed® film size 2,
horizontally mounted on a XCP® biteblock, could be inserted in
a reproducible way in the existing slit of the stent. Note the
acrylic reference step wedge for densitometric standardization.

USA). Exposure parameters were 70 kVp, 15 mA,
and 1/4 s at a focus-to-film distance of 37 cm. The
radiographs were processed with an automatic film
processor (Dent-X 9000® ~ Dent-X Co., Elmsford,
NY, USA) according to manufacturer’s recommen-
dations (Eastman Kodak Co., Rochester, NY, USA).

Radiographic evaluation — image capture and digitization

Radiographic image alignment and analysis was
performed by one examiner experienced in compu-
terized image analysis. This has been shown to
increase the consistency and reliability of the meas-
urements (Hausmann et al. 1989). In addition, the
examiner was blind to the type of implant. The
acquired radiographs were converted to 640 (H) X
480 (V) pixel digital images using a calibrated CCD
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video camera (CCD-72%® — Dage-MTI Inc., Michi-
gan City, IN, USA) and a Nikon 50 mm lens with an
aperture of 8 (Nikon, Tokyo, Japan). The images
were initially displayed on a 43 cm video monitor
(Mitsubishi Diamond Scan®, model HC 3925ATK-
Mitsubishi Electric Corp., Nagasaki, Japan), where
they were checked for their sharpness as well as
submitted to a first coarse alignment. The range of
optical densities in the radiographic image was con-
verted into 256 different pixel values. A value of
zero represented black areas, whereas a value of 255
described the lightest area on the film. The transillu-
mination was adjusted to bring the ‘Crest/1’ area
(Fig. 6a), the most coronal bone-to-implant area, to
pixel grey values of 120 to 200 for optimum visuali-
zation. The image was then digitized by a frame
grabber board (VFG-100® — Imaging Technology
Inc., Woburn, MA, USA) supported by a personal
computer (Intel 80486 AT/bus®—Lane Systems, San
Antonio, TX, USA). The calculated image pixel
size in this investigation was 62 um. After the base-
line radiograph was digitized and saved in the com-
puter memory, the follow-up radiograph was
aligned with the baseline image using a real-time
subtraction program. In this procedure, the superim-
posing images were moved back and forth and
rotated with a micrometer driven stage until the best
subtraction was visualized on the monitor. The fol-
low-up radiograph was then digitized in this spatial
orientation and saved on an optical disk (Panasonic
Optical Disk Drive LF-7010® — Matsushita Electric
Industrial Co., Osaka, Japan). The computer algo-
rithms used in these analyses are part of a software
package called ‘computer assisted radiographic
evaluation’ — CARE (Dove et al. 1990).

Radiographic evaluation — crestal bone height (DIB)

To assess the loss of crestal bone height, the dis-
tance between the implant shoulder, serving as a ref-
erence point, and the most coronal bone-to-implant
contact (DIB) was determined on the periapical
radiographs at the mesial and distal aspect of each
implant (Buser et al. 1990, Weber et al. 1992). The
baseline and follow-up images were displayed
simultaneously on the computer monitor with 8-fold
magnification and the measurements were per-
formed and registered to the accuracy of 0.1 mm.
The loss of crestal bone height was calculated by
subtracting the baseline DIB from the DIB values in
the follow-up images. The mesial and distal bone
loss was averaged and one value per implant was
used in the analysis. 15 implants were measured a
2nd time at a separate appointment to obtain data for
the calculation of the measurement error.
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Fig. 6. (a) Baseline X-ray - left implant: vertical line indicates linear measurements for the evaluation of the distance between the im-
plant shoulder and the most coronal bone-to-implant contact (DIB) - right implant: boxes defining areas-of-interest (AOI) at different
levels for computer-assisted densitometric image analysis (CADIA). (b) Colour converted subtraction image, comparing 12 months
of loading versus baseline. Typical remodeling changes are displayed. Red areas indicate regions of bone gain, green areas regions of
bone loss. Note bone gain in the most coronal area of the bone crest. No changes were detected in more apical regions.

Radiographic evaluation — CADIA procedure

In the CADIA analysis, the baseline and follow-up
images were displayed and manipulated on a high
resolution VGA monitor (NEC Multisync 4FG® —
NEC Corp., Tokyo, Japan). The differences in the
overall distribution of grey values between the base-
line and the follow-up radiographs, such as expo-
sure, processing and contrast differences, were
adjusted by a nonparametric histogram equalization
algorithm described by Riittimann et al. (1986). To
perform this procedure, an unchanged area common
to both images was selected and outlined. The algo-
rithm then adjusted the density and contrast of the
follow-up radiograph to the density and contrast of
the baseline image. After the image density equali-
zation, the radiographic images were subtracted
from each other and the image noise, which is
defined as the standard deviation of pixel grey val-
ues in the subtraction image, were measured in the
subtraction image. Before the CADIA procedure
was performed, a threshold value for the CADIA
algorithm was set to be 2 X as much as the noise in
the subtraction image, thus excluding approximately
95% of the normal density variation. Only density
changes that were more than the threshold to the
negative or positive direction were taken into
account when calculating the net-CADIA value.
Once the threshold was set, the CADIA procedure
was started by recalling the baseline image and
positioning the measurement Area-of-Interest (AOI)
(Fig. 6a) on the image with a trackball driven
mouse. The AOI were 16X16 pixel squares repre-
senting a measurement area of 1.0 mm? ‘Crest/1’
area described the most coronal bone-to-implant

contact, whereas ‘crest/2’ area was located just api-
cal to the ‘crest/1’ area. ‘Middle-implant’, ‘lateral-
apical’ and ‘apical’areas served as the remaining
sites. Finally the program calculated the average
density difference and the area of change in each
AOI in mm?® Net-CADIA values were obtained by
multiplying the measured density difference by the
area changed (Fig. 6b).

Statistical analysis

Descriptive statistics were calculated for the crestal
bone height measurements and for the net-CADIA
evaluation. Tests of analysis of variance with
repeated measures were performed separately for
crestal bone height measurements and for bone den-
sity changes to assess the effect of implant type and
time interval on these variables while controlling for
the effect of the dog variable.

Results
Clinical observations

Postoperative healing following implant placement
was uneventful in all dogs. After 3 months of heal-
ing, all 69 implants demonstrated successful tissue
integration with ankylotic implant stability and no
signs of periimplant infection. No continuous peri-
implant radiolucencies were apparent on the radio-
graphs. Therefore, all 48 implants of group B and C
could be restored with single crowns or fixed partial
dentures as described. After loading, all implants
maintained ankylotic stability and revealed a com-
plication-free follow-up period.
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o2 P —— SLA
' — a— TPS

Preload 3 moloaded 6moloaded 9 moloaded 12 mo loaded

Fig. 7. Interaction line plot for average crestal bone loss (see
DIB measurements): SLA versus TPS implants. Effect:
implant * time; error bars: 1 standard error(s). Note that TPS
implants lost more bone than SLA implants only comparing
preload to baseline (* p=0.0142) and 3 months of loading to
baseline data (* p=0.0337) at a statistically significant level.

Radiographic evaluation — crestal bone height (DIB)

Out of the 69 implants placed, 2 were not ade-
quately visualized on the radiographs leaving 67
implants for the crestal bone height analysis. The
average loss of crestal bone is shown in Fig. 7 at
each time point for both implant types. All the cre-
stal bone loss occurred during the first 6 months
after implant placement with 65% of bone loss
before loading, and 35% in the first 3 mo of loading.
No further bone loss was evident in the following 9
months of loading with either implant type. At
preload evaluation and after 3 months of loading,
the 2 types of implants significantly differ, i.e., at
preload, the SLA mean bone loss compared to base-
line was 0.52 mm, whereas the TPS mean bone loss
measured 0.69 mm (p=0.0142). The evaluation at 3
months of loading revealed 0.73 mm of total crestal
bone loss for SLA implants, and 1.06 mm for TPS
implants (p=0.0337). In longer time intervals, there
was no additional bone loss, and the difference

64 —s — TPS

Mean Cell
n

Crest/1 Crest/2 Mid-imp Lat-apical Apical

Fig. 8. Interaction line plot for net-CADIA: Preload versus
baseline. Effect: implant * site; error bars: 1 standard error(s).
For Figs. 8-11, “mean cell” is the density change described as a
net-CADIA value. Note little increase for crest/1 and crest/2
area, which is not significant compared to the remaining three
AOI No significant changes between SLA and TPS surfaces
are apparent.

between the SLA and TPS implants remained.
However, the observed differences were not statisti-
cally significant.

Radiographic evaluation — bone density changes (CADIA)

For the assessment of bone density changes utilizing
the CADIA method, 11 implants were not visible or
acceptable for analysis due to radiographic film
processing and projection alignment errors. Thus,
58 implants remained for density analysis. The
mesial and distal surface measurements were aver-
aged in each measurement level for each implant.
The average change in bone density at different
locations next to the implants, and the standard
deviations (SD), are displayed in Table 2 and Fig. 8-
11. The data are categorized by 2 implant types, 5
different bone levels, and 5 time intervals. The
crest/1 area first gained density during the preload
interval, but then lost statistically significant
amounts of density during the early loading phase.

Table 1. Three-way ANOVA with repeated measures; the dependent variable is crestal bone height loss (DIB), and the independent variables are implant type, dog

and time interval

Degrees of Sum of Mean
Source freedom squares square Fvalue p-value
implant 1 2.9749 29749 20.22 0.0001
dog 5 7.4060 1.4812 10.07 0.0001
implant * dog 5 1.2707 0.2541 1,73 01324
Within (implant * dog) 12 6.2662 0.5222 3.55 0.0001
time 4 2.2109 0.5527 3.76 0.0062
implant * time 4 0.1813 0.0453 0.31 0.8722
dog * time 6 0.3160 0.0527 0.36 0.9043
implant * dog * time 6 0.1832 0.0305 0.21 0.9740
error 138 20.3079 0.1472
total 181 411172
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—— SLA
—s= — TPS

Mean Cell

-12

14

Crest/t Crest/2

Fig. 9. Interaction line plot for net-CADIA: Three months
loaded vs. baseline. Effect: Implant * Site; error bars: +1 stand-
ard error(s). Note gain in bone density for Crest/1 and Crest/2
area at a significant level compared to the remaining three AQI
SLA implants show higher CADIA values when compared to
TPS implants (p=0.0912).

Mid-imp Lat-apical Apical

6 —s — TPS

Mean Cell
L

Crest/1 Crest/2 Lat-apical Apical

Fig. 10. Interaction line plot for net-CADIA: 6 months loaded
vs. baseline. Effect: implant * site; error bars: 1 standard er-
ror(s). Due to remodeling, highly significant bone loss occurred
in the crest/1 area compared to the remaining AOI-sites. No sta-
tistical changes occurred in the crest/2 area as well as when
comparing SLA to TPS surfaces in general.

Mid-imp

The crest/2 area significantly gained density and
retained the increase when compared to the original
bone density at that site. The more apical bone areas
(mid-imp, lat-apical, apical) did not change signifi-

Mean Cell

Crest/1 Crest/2 Mid-imp Lat-apical Apical

Fig. 11. Interaction line plot for net-CADIA: Twelve mo loaded
vs. baseline. Effect: Implant * Site; error bars: 1 standard er-
ror(s). Still, there is highly significant bone loss in the Crest/1
area compared to the remaining AOI-sites. Similar to 6 mo of
loading, no statistical changes are obvious for the Crest/2 area
as well as when comparing SLA to TPS surfaces in general.

cantly in density during the 15-month follow-up
period.

The three-way ANOVA revealed statistically sig-
nificant differences between crest/1 and/or crest/2
respectively compared to the more apical AOT and
between the measurement time intervals. The im-
plant type was not statistically significant
(p=0.1576), and none of the interactions of the inde-
pendent variables were statistically significant. The
bone adjacent to SLA type implants appeared to
gain more density at the crest/2 area after loading
than the TPS type implant, but the difference was
not statistically significant (p=0.0912).

Discussion

In the present study, nonsubmerged titanium
implants with the same macroscopic shape, but 2
different surfaces, a SLA and a TPS surface, were
clinically and radiographically evaluated under
unloaded and loaded conditions in the canine man-

Table 2. Bone density changes (net-CADIA) at five different bone levels next to implants, with two implant types, and five time intervals

Preload 3 mo loading 6 mo loading 9 mo loading 12 mo loading

Mean, SD Mean, SD Mean, SD Mean, SD Mean, SD

AQl-site Imp. type n=63 n=36 n=23 n=20 n=21
Crest/1 SLA 09 64 43 57 -93 97 -01 87 -97 84
TPS 18 80 38 79 -65 113 =32 90 -7.9 131
Crest/2 SLA 02 52 88 7.1 20 71 66 7.0 38 54
TPS 1.3 54 50 89 -15 77 33 8.0 03 6.2
Mid-imp SLA -05 23 04 30 00 11 06 23 -0.8 21
TPS 0.7 24 -14 20 -12 18 -08 54 -09 25
Lat-apical SLA -1.0 30 -12 25 -01 14 -06 15 -13 30
TPS -02 1.0 -14 26 -06 20 -16 32 -05 17
Apical SLA 04 08 -02 17 11 22 -23 33 05 1.9
TPS 00 06 -01 18 1.0 34 -09 25 -01 15
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dible. All 69 inserted implants achieved and main-
tained successful tissue integration for up to 15
months following implant placement demonstrating
ankylotic stability without clinical signs of periim-
plant infections. Therefore, the study confirmed the
results of previous experimental investigations in
which nonsubmerged titanium implants with a
microporous TPS surface achieved osseointegration
with high predictability (Gotfredsen et al. 1991,
Buser et al. 1992, Weber et al. 1996).

The radiographic evaluation utilizing longitudinal
standardized periapical radiography confirmed the
clinical findings of implants with functional ankylo-
sis since none of the 69 implants demonstrated a
continuous periimplant radiolucency. The assess-
ment of crestal bone loss showed significantly less
bone loss for SLA implants at the preload and 3-
month loading period when compared to the TPS
implants. The observed difference between SLA
and TPS implants can likely be attributed to differ-
ences in the surface characteristics, since the SLA
surface has better osteoconductive properties when
compared to the TPS surface. This was demon-
strated in a histomorphometric study in miniature
pigs by Buser et al. (1991b), in which SLA surfaces
had significantly higher bone-to-implant contacts
than TPS surfaces.

The evaluated crestal bone loss of 0.52 mm for
SLA implants and 0.69 mm for TPS implants at the
preload evaluation was probably caused by the sur-
gical trauma, since the elevation of a mucoperio-
steal flap compromises the vascular supply in the
most crestal bone areas. Following initiation of
functional loading, a further crestal bone loss after 3
months of 0.73 mm for SLA and 1.06 mm for TPS
implants was observed. This bone loss is likely the
result of remodeling patterns of the alveolar bone to
the functional load. Subsequently, the bone levels
stabilized. These results are comparable to results in
humans with nonsubmerged implants. Buser et al.
(1990) reported radiographic 1-year data on 100 im-
plants with a TPS surface in partially edentulous pa-
tients with a mean crestal bone loss 12 months after
implant placement of approximately 0.8 mm. In
comparison, a radiographically detectable vertical
bone loss of about 1.0 — 1.5 mm during the first year
of loading for submerged titanium implants with a
machined surface has been described in several pub-
lications (Adell et al. 1986, Albrektsson et al. 1986,
Lekholm et al. 1986, Cox & Zarb 1987, Lindquist et
al. 1988, Smith & Zarb 1989, Apse et al. 1991,
Chaytor et al. 1991).

The bone healing and remodeling patterns were
also assessed by the measurement of changes in
peri-implant bone densities. The areas-of-interest
(AOQI) were chosen as close to the implant surface as
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possible to detect radiographic changes of bone den-
sity as a function of healing, remodeling, and/or
loading. The 1 mm? measurement areas used in this
investigation were positioned 0.1 mm away from
the implants. Therefore, bone reaction to implant
placement and implant loading were measured in
the peri-implant bone area 0.1 mm to 1.1 mm away
from the implant surface. Overall, no differences
were found between the two tested implant types.
During the first 3 months of healing, no differences
were observed in the crest/1 area, probably due to
the fact that radiographic changes were an average
of the AOI total number of pixels. Thus, the slight
resorption of up to 0.69 mm could not be detected
by the CADIA measurements. Following initiation
of functional loading, the crestal bone loss pro-
gressed to a lower level as discussed above, and
both implant types showed a decrease in radio-
graphic bone density in the crest/1 area close to the
bone crest surface. In contrast, the crest/2 areas in-
creased in density, and can be explained by the fact
that a new cortical bone layer was formed at a lower,
more apical level. AOI at more apical areas did not
result in changes from baseline. As all the AOI were
placed slightly away from the implant surface,
changes in bone at the bone-to-implant interface
would not be detected.

The observed radiographic data reflected the bone
remodeling which occurred on the coronal aspect of
the ridge. The radiographic density was decreased in
the crest/1 area, while the crest/2 area increased in
density. This was found around both types of im-
plants and, in anterior and in posterior jaw locations.
Because of this more universal finding it is thought
that the observed remodeling reflects a physiologi-
cal response of bone healing around the endosseous
titanium implants. In most healed alveolar ridges, a
layer of cortical bone overlies a more cancellous
type bone.

The present radiographic data suggests that im-
plant placement causes the most coronal cortical
bone to remodel adjacent to the implant and form a
new cortical bone layer at a lower, more apical
level, as determined by increasing radiodensities at
the crest/2 area and the loss of density in the crest/1
area. The reason for this remodeling is not yet
known but may be related to the blood supply of the
bone. Preparation of the bone for the implant and
subsequent implant placement removes blood ves-
sels that help provide nutrition to the surrounding
bone. Loss of this blood supply by inserting the in-
ert implant body may compromise the adjacent bone
and cause remodeling to occur in a slightly more
apical location, an area with greater blood supply
from the endosseous marrow spaces. A second rea-
son for this remodeling may be due to stresses
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which are placed on the bone immediately sur-
rounding the implant. These stresses, likely result-
ing in microfractures in the bone, stimulate bone
turnover and, without contiguous blood supply due
to the implant body, may result in more apical re-
modeling.

The increase in crestal bone density that was evi-
dent during the first, preload time interval, is likely
due to the fact that the baseline radiographs were
exposed within three weeks after implant placement
surgery. At that time, the crestal bone had already
lost density because of the surgical trauma. During
the following 3 months, part of the crestal bone den-
sity was regained and therefore, CADIA showed
positive changes. No differences were found in the
radiographic AOI located below the crest/1 and
crest/2 area. This was true when comparing implant
types or in unloaded or loaded implants. It is possi-
ble that changes were occurring in these areas but
that radiographically these changes were not de-
tected. Jeffcoat et al. (1991) showed that quantita-
tive digital radiography can detect 8 mg bone loss,
which represents about 5% to 10% of total bone at
the site, with high accuracy. However, in this study,
the selected 1 mm? measurement AOI are considera-
bly larger than the area of bone change next to the
implant. When the density changes occur only in a
small area of the AOI it is unlikely to be detected
due to the much larger number of pixels that do not
change in the AOL.

In summary, the longitudinal radiographic analy-
sis of 69 titanium implants with a SLA and TPS sur-
face demonstrated that both implant types achieved
and maintained successful tissue integration in the
canine mandible with functional ankylosis for up to
15 months under unloaded and loaded conditions.
Earlier healing periods indicated an advantage for
SLA implants, since less crestal bone loss was ob-
served for this implant surface, whereas the longer
healing periods showed no differences between the
two tested titanium surfaces. Therefore, this study
confirmed encouraging results of previous studies in
long bones (Wilke et al. 1990, Buser et al. 1991b)
and supported the findings of several in vitro inves-
tigations (Martin et al. 1995, Martin et al. 1996,
Schwartz et al. 1995). Furthermore, this study also
shows the potential of the titanium SLA surface to
become a valuable or even superior alternative to
the 2 best documented titanium surfaces in implant
dentistry, the machined and the TPS surface.
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Résumé

Lors d’expérimentations a court terme dans de 1’0s non-buccal
un implant en titane dont la surface était décapé a la sableuse et
mordancée par de I’acide (SLA) possédait un plus grand pour-
centage de contact os-implant qu’un implant pulvérisé par du
plasma de titane. Dans 1’étude présente un implant SLA a été
comparé radiographiquement a un TPS sous des conditions sans
et avec charge dans la région canine inférieure pendant une
période allant jusqu’a 15 mois. 69 implants ont été placés chez
six chiens courants. Des radiographies standardisées ont été
prises lors de ’examen initial, avant la charge, ainsi que 3, 6 et
12 mois aprés. Des implants chargés ont été restaurés avec des
couronnes en or semblables a celles de la dentition naturelle.
L’évaluation radiographique de la réponse osseuse aux implants
a été faite en mesurant la distance séparant I’épaule de I’implant
avec le contact le plus coronaire os-implant (DIB) et en évalu-
ant les variations de densitée par ordinateur (CADIA). 5 zones
d’intéréts différentes (AOI) ont été définiés en coronaire et en
apical le long des implants. Des mesures DIB ont révélé que les
implants SLA avaient significativement moins de perte osseuse
(0.52 mm) que les TPS (0.69 mm) lors de I’examen avant
charge (p=0.0142) aussi bien que 3 mois apres charge (0.73
mm/1.06 mm; p=0.0337). Cette différence a été maintenue entre
les types d’implants durant toute 1’année du suivi. La méme ten-
dance a également été mise en évidence pour les mesures CA-
DIA avec les implants SLA montrant des valeurs de densité os-
seuse crestale plus importantes lorsque les données avant
charge et examen de départ étaient comparées (p=0.0890), ainsi
que les données trois mois aprés et examen de départ
(p=0.0912). Aucune variation mesurable de densité osseuse n’a
été mise en évidence dans les zones apicales des deux implants.
Ces résultats suggerent que les implants SLA sont supérieurs
aux TPS lorsqu’ils sont comparés radiographiquement dans I’os
buccal, et ce sous conditions sans et avec charge.

Zusammenfassung

Frithere Studien haben gezeigt, dass in Kurzzeituntersuchungen
die sandgestrahlten und siuregeitzten Implantate (SLA) bei
nichtoralenm Knochen einen prozentual grésseren Knochen-
Implantat-Kontakt aufweisen als die mit Titanplasma bespray-
ten Implantate (TPS). In dieser Arbeit wurde im Unterkiefer ein
SLA-Implantat mit einem TPS-Implantat unter belasteten und
unbelasteten Verhiltnissen wéhrend 15 Monaten radiologisch
untersucht. Bei 6 Foxhunden wurden 69 Implantate eingesetzt.
Bei Versuchsbeginn, unbelastet und 3, 6, 9 sowie 12 Monate
nach Belastung wurden standartisierte Rontgen bilder auf-
genommen. Die belasteten Implantate waren mit der natiirlichen
Bezahnung nachempfundenen Goldkronen restauriert. Die Pa-
rameter der rontgenologischen Knochenverdnderungen als
Reaktion auf die Implantate wurden definiert als Distanz zwis-
chen Implantatschulter und dem koronalsten Knochen-Implan-
tat-Kontakt (DIB). Zusitzlich erfolgte die Auswertung von
Knochendichteverdnderung mit der computerunterstiitzten
Dichteanalyse der Rontgenbilder (CADIA). 5 verschiedene
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Zonen von speziellem Interesse (AOI) wurden vorgingig ko-
ronal und apikal dem Implantat entlang definiert. Die DIB Mes-
sungen zeigten, dass SLA-Implantate einen signifikant gering-
eren Knochenhoheverlust (0.52 mm) als TPS-Implantate (0.69
mm) aufwiesen. Dies war vor der Belastung (p=0.0142) wie
auch 3 Monate nach Belastung (0.73 mm/1.06 mm; p=0.0337).
der Fall. Der Unterschied zwischen den Zwei Implantattypen
blieb wéhrend der ganzjihrigen Untersuchungsperiode beste-
hen. Derselbe Trend zeigte sich auch bei den CADIA Messun-
gen, wo die SLA-Implantate eine hohere Dichte des crestalen
Knochens zeigten. Die Werte der unbelasteten Situation vergli-
chen mit den Ausgangswerten waren signifikant verschieden
(p=0.912). In den apikalen Regionen waren bei keinem der Im-
plantate messbare Knochendichteverinderungen feststellbar.
Die Resultate lassen vermuten, dass SLA-Implantate den TPS-
Implantaten iiberlegen sind, wenn sie im oralen Knochen ront-
genologisch unter belasteten und unbelasteten Bedingungen
verglichen werden.

Resumen

Estudios previos han demostrado en experimentos a corto plazo
que un implante de titanio rociado con arena y grabado con
dcido (SLA) tuvo un porcentaje mayor de contacto hueso a im-
plante que un implante de titanio rociado con plasma (TPS) en
un hueso no oral. En el presente estudio, un implante de SLA se
compar¢ radiograficamente a un implante TPS bajo condiciones
de descarga y carga en una mandibula canina durante un
maximo de 15 meses. Sesentinueve implantes se pusieron en
seis Foxhounds. Se tomaron radiografias estandarizadas al ini-
cio, en precarga, 3, 6, 9, y 12 meses tras la carga. Los implantes
cargados se restauraron con coronas de oro parecidas a la den-
ticién natural. La evaluacién radiografica de la respuesta del
hueso a los implantes fue efectuada midiendo la distancia entre
el hombro del implante y el punto mds coronal del contacto
hueso a implante (DIB) y por la evaluacién de los cambios de
densidad de hueso usando Andlisis de Imagen Densitométrica
Asistido por Ordenador (CADIA). Se definieron cinco areas de
interés (AOI) diferentes coronal y apicalmente a lo largo del im-
plante.

References

Adell, R., Lekholm, U., Rockler, B. & Brinemark, P. I. (1981)
A 15-year study of osseointegrated implants in the treatment
of the edentulous jaw. International Journal of Oral Surgery
10: 387416.

Adell, R., Lekholm, U., Rockler, B., Brinemark, P. I., Lindhe,
J., Eriksson, B. & Sbordone, L. (1986) Marginal tissue reac-
tions at osseointegrated titanium fixtures (I). A 3-year longi-
tudinal prospective study. International Journal of Oral and
Maxillofacial Surgery 15: 39-52.

Adell, R., Eriksson, B., Lekholm, U., Branemark, P. I. & Jemt, T.
(1990) A long-term follow-up study of osseointegrated im-
plants in the treatment of totally edentulous jaws. Interna-
tional Journal of Oral and Maxillofacial Implants 5: 347-359.

Albrektsson, T., Zarb, G., Worthington, P. & Eriksson A. R.
(1986) The long-term efficacy of currently used dental im-
plants: A review and proposed criteria of success. Interna-
tional Journal of Oral and Maxillofacial Implants 1: 11-25.

Apse, P, Zarb, G. A., Schmitt, A. & Lewis, D. W. (1991) The
longitudinal effectiveness of osseointegrated dental implants.
The Toronto study: Peri-implant mucosal response. Interna-
tional Journal of Periodontics and Restorative Dentistry 11:
94-111.

250

Babbush, C. A., Kent, J. N. & Misiek, D. L. (1986) Titanium
plasma-sprayed (TPS) screw implants for the reconstruction
of the edentulous mandible. Journal of Oral and Maxillofa-
cial Surgery 44: 274-282.

Behneke, A., Behneke, N. & Wagner, W. (1992) Klinische
Ergebnisse mit transgingival inserierten enossalen Implan-
taten (Bonefit-System). Zeitschrift fiir Zahndrztliche Implan-
tologie 8: 97-102.

Berglundh, T., Lindhe, J., Ericsson, 1., Marinello, C. P., Liljen-
berg, B. & Thomsen, P. (1991) The soft tissue barrier at im-
plants and teeth. Clinical Oral Implants Research 2: 81-90.

Block, M. S, Kent, J. N. & Kay, J. F. (1987) Evaluation of hy-
droxylapatite-coated titanium dental implants in dogs. Jour-
nal of Oral and Maxillofacial Surgery 45: 601-607.

Brigger, U., Pasquali, L., Rylander, H., Carnes, D. & Kornman,
K. S. (1988) Computer-assisted densitometric image analysis
in periodontal radiography. A methodological study. Journal
of Clinical Periodontology 15: 27-37.

Brigger, U. & Pasquali, L. (1989) Color conversion of alveolar
bone density changes in digital subtraction images. Journal
of Clinical Periodontology 16: 209-214.

Brigger, U. (1994) Radiographic parameters for the evaluation
of peri-implant tissues. Periodontology 2000 4: 87-97,

Brénemark, P. I, Breine, U., Adell, R., Hansson, B. O., Lind-
strom, J. & Ohlsson, A. (1969) Intra-osseous anchorage of
dental prostheses. 1. Experimental Studies. Scandinavian
Journal of Plastic and Reconstructive Surgery 3: 81-100.

Bréanemark, P. I., Hansson, B. O., Adell, R., Breine, U., Lind-
strom, J., Hallén, O. & Ohman, A. (1977) Osseointegrated
implants in the treatment of the edentulous jaw. Experience
from a 10-year period. Scandinavian Journal of Plastic and
Reconstructive Surgery 11, Supplementum 16: 1-132.

Buser, D., Stich H., Krekeler, G. & Schroeder, A. (1989) Faser-
strukturen der peri-implantiren Mukosa bei Titanimplan-
taten. Eine tierexperimentelle Studie am Beagle-Hund.
Zeitschrift fiir Zahndrztliche Implantologie 5: 15-23.

Buser, D., Weber, H. P. & Lang, N. P. (1990) Tissue integration
of non-submerged implants. 1-year results of a prospective
study with 100 ITI hollow-cylinder and hollow-screw im-
plants. Clinical Oral Implants Research 1: 33-40.

Buser, D., Weber, H. P., Brigger, U. & Balsiger, C. (1991a) Tis-
sue integration of one-stage ITI implants: 3-year results of a
longitudinal study with hollow-cylinder and hollow-screw
implants. International Journal of Oral and Maxillofacial
Implants 6: 405-412.

Buser, D., Schenk, R. K., Steinemann, S., Fiorellini, J. P, Fox,
C. H. & Stich, H. (1991b) Influence of surface characteristics
on bone integration of titanium implants. A histomorphomet-
ric study in miniature pigs. Journal of Biomedical Materials
Research 25: 889-902.

Buser, D., Weber, H. P., Donath, K., Fiorellini, J. P., Paquette, D.
W. & Williams, R. C. (1992) Soft tissue reactions to non-sub-
merged unloaded titanium implants in beagle dogs. Journal
of Periodontology 63: 226-236.

Carlsson, L., Rostlund, T., Albrektsson, B. & Albrektsson, T.
(1988) Removal torques for polished and rough titanium im-
plants. International Journal of Oral and Maxillofacial Im-
plants 3: 21-24.

Chaytor, D. V., Zarb, G. A., Schmitt, A. & Lewis, D. W. (1991)
The longitudinal effectiveness of osseointegrated dental im-
plants. The Toronto study: Bone level changes. International
Journal of Periodontics and Restorative Dentistry 11: 112—
125.

Claes, L., Hutschenreuter, P. & Pohler, O. (1976) Lésemomente
von Corticalis-Zugschrauben in Abhingigkeit von Implanta-
tionszeit und Oberflichen beschaffenheit. Archiv der Or-
thopddischen Unfall-Chirurgie 85: 155-159.



Radiographic evaluation of loaded titanium implants in dogs

Cochran, D. L. & Mahn, D. H. (1992) Dental implants and re-
generation. Part I. Overview and biological considerations.
In: Hardin, J., ed. Clark's Clinical Dentistry, 5 % edition,
Chap. 59, pp. 1-7. Philadelphia: J. B. Lippincott Company.

Cox, J. F. & Zarb, G. A. (1987) The longitudinal clinical effi-
cacy of osseointegrated dental implants: A 3-year report. In-
ternational Journal of Oral and Maxillofacial Implants 2:
91-100.

Dove, S. B., McDavid, W. D. & Wilcox, D. (1990) CARE.
(Computer assisted radiographic evaluation.) Image analysis
software program. University of Texas Health Science Center
at San Antonio.

Gotfredsen, K., Rostrup, E., Hjgrting-Hansen, E., Stoltze, K. &
Butz-Jgrgensen, E. (1991) Histological and histomorphomet-
rical evaluation of tissue reactions adjacent to endosteal im-
plants in monkeys. Clinical Oral Implants Research 2: 30-37.

Gottlander, M., Albrektsson, T. & Carlsson, L. V. (1992) A his-
tomorphometric study of unthreaded hydroxyapatite-coated
and titanium-coated implants in rabbit bone. International
Journal of Oral and Maxillofacial Implants T: 485-490.

Hausmann, E., Allen, K., Dunford, R. & Christersson, L. (1989)
A reliable computerized method to determine the level of the
radiographic alveolar crest. Journal of Periodontal Research
24: 368-369.

Jeffcoat, M. K., Page, R., Reddy, M., Wannawisute, A., Waite,
P, Palcanis, K., Cogen, R., Williams, R. C. & Basch, C.
(1991) Use of digital radiography to demonstrate the poten-
tial of naproxen as an adjunct in the treatment of rapidly pro-
gressive periodontitis. Journal of Periodontal Research 26:
415-421.

Jemt, T. & Lekholm, U. (1995) Implant treatment in edentulous
maxillae: a 5-year follow-up report on patients with different
degrees of jaw resorption. International Journal of Oral and
Maxillofacial Implants 10: 303-311.

Kirsch, A. & Donath, K. (1984) Tierexperimentelle Unter-
suchungen zur Bedeutung der Mikromorphologie von Titan-
implantatoberflichen. Fortschritte der Zahndirztlichen Im-
plantologie 1: 35-40.

Laney, W. R., Jemt, T., Harris, D., Henry, P. J., Krogh, P. H. I.,
Polizzi, G., Zarb, G. A. & Herrmann, 1. (1994) Osseointe-
grated implants for single-tooth replacement: Progress report
from a multicenter prospective study after 3 years. Interna-
tional Journal of Oral and Maxillofacial Implants 9: 49-54.

Lekholm, U., Adell, R., Lindhe, J., Branemark, P. 1., Eriksson,
B., Rockler, B., Lindvall, A. M. & Yoneyama. (1986) Mar-
ginal tissue reactions at osseointegrated titanium fixtures (II).
A cross-sectional retrospective study. International Journal
of Oral and Maxillofacial Surgery 15: 53-61.

Lindquist, L. W., Rockler, B. & Carlsson, G. E. (1988) Bone re-
sorption around fixtures in edentulous patients treated with
mandibular fixed tissue-integrated prostheses. Journal of
Prosthetic Dentistry 59: 59-63.

Listgarten, M. A., Lang, N. P., Schroeder, H. E. & Schroeder, A.
(1991) Periodontal tissues and their counterparts around en-
dosseous dental implants. Clinical Oral Implants Research 2:
1-19.

Listgarten, M. A., Buser, D., Steinemann, S. G., Donath, K.,
Lang, N. P. & Weber, H. P. (1992) Light and transmission
electron microscopy of the intact interfaces between non-
submerged titanium-coated epoxy resin implants and bone or
gingiva. Journal of Dental Research 71: 364-371.

Martin, J. Y., Schwartz, Z., Hummert, T. W., Schraub, D. M.,
Simpson, J., Lankford, J., Jr., Dean, D. D., Cochran, D. L. &
Boyan, B. D. (1995) Effect of titanium surface roughness on
proliferation, differentiation, and protein synthesis of human
osteoblast-like cells (MG63). Journal of Biomedical Materi-
als Research 29: 389-401.

Martin, J. Y., Dean, D. D., Cochran, D. L., Simpson, J., Boyan,
B. D. & Schwartz, Z. (1996) Proliferation, differentiation,
and protein synthesis of human osteoblast-like cells (MG63)
cultured on previously used titanium surfaces. Clinical Oral
Implants Research 7: 27-37.

Mericske-Stern, R., Steinlin Schaffner, T., Marti, P. & Geering,
A. H. (1994) Peri-implant mucosal aspects of ITI implants
supporting overdentures. A 5-year longitudinal study. Clini-
cal Oral Implants Research 5: 9-18.

Riittimann, U., Webber, R. & Schmidt, E. (1986) A robust dig-
ital method for film contrast correction in subtraction radiog-
raphy. Journal of Periodontal Research 21: 486-495.

Schenk, R. K., Olah, A. J. & Hermann, W. (1984) Preparation
of calcified tissue for light microscopy. In: Dickson, G. R.,
(ed.). Methods of calcified tissue preparation, pp. 1-56. Am-
sterdam, New York: Elsevier Science Publishers B. V.

Smith, D. E. & Zarb, G. A. (1989) Criteria for success of 0s-
seointegrated endosseous implants. Journal of Prosthetic
Dentistry 62: 567-572.

Schmitt, A. & Zarb, G. A. (1993) The longitudinal clinical ef-
fectiveness of osseointegrated dental implants for single-
tooth replacement. International Journal of Prosthodontics
6: 197-202.

Schroeder, A., Pohler, O. & Sutter, F. (1976) Gewebsreaktion
auf ein Titan-Hohlzylinderimplantat mit Titan-Spritzschicht-
oberfliche. Schweizerische Monatsschrift fiir Zahnheilkunde
86: 713-727.

Schroeder, A., Stich, H., Straumann, F. & Sutter, F. (1978) Uber
die Anlagerung von Osteozement an einen belasteten Im-
plantatkorper.  Schweizerische Monatsschrift  fiir Zahn-
heilkunde 88: 1051-1058.

Schroeder, A., Van der Zypen, E., Stich, H. & Sutter, F. (1981)
The reactions of bone, connective tissue, and epithelium to
endosteal implants with titanium-sprayed surfaces. Journal
of Maxillofacial Surgery 9: 15-25.

Schwartz, Z., Martin, J. Y., Dean, D. D., Simpson, J., Cochran,
D. L. & Boyan, B. D. (1996) Effect of titanium surface
roughness on chondrocyte proliferation, matrix production,
and differentiation depends on the state of cell maturation.
Journal of Biomedical Materials Research, 145 —155,

Steinemann, S. G., Eulenberger, J., Méusli, P. A. & Schroeder,
A. (1986) Adhesion of bone to titanium. In: Christel, P., Meu-
nier, A. & Lee, A. J. C., eds. Advances in biomaterials, vol. 6,
Biological and biomechanical performance of biomaterials,
pp. 409-414. Amsterdam: Elsevier Science B.V.

Ten Bruggenkate, C. M., Muller, K. & Oosterbeek, H. S. (1990)
Clinical evaluation of the ITI (F-type) hollow cylinder im-
plant. Oral Surgery Oral Medicine Oral Pathology 70: 693—
697.

Thomas, K. A. & Cook, S. (1985) An evaluation of variables in-
fluencing implant fixation by direct bone apposition. Journal
of Biomedical Materials Research 19: 875-901.

Weber, H. P, Buser, D., Fiorellini, J. P. & Williams, R. C.
(1992) Radiographic evaluation of crestal bone levels adja-
cent to non-submerged titanium implants. Clinical Oral Im-
plants Research 3: 181—188.

Weber, H. P., Buser, D., Donath, K., Fiorellini, J. P., Doppal-
apudi, V., Paquette, D. W. & Williams, R. C. (1996) Compar-
ison of healed tissues adjacent to submerged and non-sub-
merged unloaded titanium dental implants. A histometric
study in beagle dogs. Clinical Oral Implants Research 7: 11—
19.

Weinlaender, M., Kenney, E. B., Lekovic, V. & Moy, P. K.
(1992) Histomorphometry of bone apposition around three
types of endosseous dental implants. International Journal of
Oral and Maxillofacial Implants T: 491-496.

Wennerberg, A,, Albrektsson, T., Andersson, B. & Eng, M.

251



Cochran et al.

(1993) Design and surface characteristics of 13 commercially Wilke, H. J., Claes, L. & Steinemann, S. (1990) The influence

available oral implant systems. International Journal of Oral of various titanium surfaces on the interface shear strength
and Maxillofacial Implants 8: 622-633. between implants and bone. In: Heimke, G., Soltész, U. &

Wennerberg, A., Albrektsson, T., Andersson, B. & Krol, J. J. Lee, A. 1. C,, eds. Advances in biomaterials, vol. 9, Clinical
(1995) A histomorphometric and removal torque study of implant materials, pp. 309-314. Amsterdam: Elsevier Sci-
screw-shaped titanium implants with three different surface ence Publishers B. V.

topographies. Clinical Oral Implants Research 6: 24-30.

252



