Evaluation of Three Different Dental Implants
in Ligature-Induced Peri-implantitis in the Beagle
Dog. Part Il. Histology and Microbiology
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The purpose of this study was to evaluate experimental peri-implant breakdown microbiologically, radiographical-
ly and histologically. Hydroxyapatite-coated, titanium plasma-sprayed, and titanium alloy surfaces were investigat-
ed. Eighty-four implants were placed in 14 beagle dogs. Standardized radiographs and microbiologic samples
(DNA) were obtained. Dogs were sacrificed at 3 and 6 months. Undecalcified histologic sections were prepared.
Thickness of hydroxyapatite coating, changes in crestal bone height, and marginal changes in osseointegration
were measured. Vertical bone loss was computed. Radiographs were analyzed using computer-assisted densito-
metric image analysis (CADIA). Microbial analysis (DNA) did not clearly favor any of the examined surfaces.

CADIA did not show differences among implant surfaces. No significant differences among the three implants
were noted for histometry, except the experimental titanium plasma-sprayed surface showed an increase in verti-
cal bone loss 6 months ( P < .05). Thickness of hydroxyapatite was decreased in active peri-implantitis sites (P <
.05). Clinical attachment level was shown to be the most sensitive clinical parameter for detecting histologic
changes. All implants were equally susceptible to peri-implantitis.
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he potential causes of implant failure are many,

but most researchers agree that one specific fac-
tor leading to clinical failure of all implant types is
peri-implant infection. The accumulation of sub-
gingival plaque, namely a gram-negative, anaerobic
flora, is considered to be the main etiologic factor
in advanced periodontal = as well as peri-implant®-'2
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disease. Recently, attention has been paid to a limited
number of bacterial species, such as Actinobacillus
actinomycetemcomitans(Aa), Porphyromonas gingi-
valis (Pg), and Prevotella intermedia (Pi), >3 which
have been reported to be found at increased levels at
diseased implant sites®

A hemidesmosomal epithelial attachment similar to
that for teeth has been described adjacent to
machined implant surfaces!*'> Differences, however,
were noted in the area of the connective tissue, where
a scarlike connective tissue contact with fibers orient-
ed parallel to the long axis of the implant has been
described.’®-'® Therefore, when probing at diseased
sites or when using excessive force at healthy sites, the
probe tip penetrates virtually to the level of crestal
bone.'??° For hydroxyapatite- (HA) coated implants,
resorption of coatings by inflammatory phagocytosis
has been observed?'?? Bone loss is apparent, similar
to an advanced lesion involving teeth. Computer-
assisted densitometric image analysis (CADIA) has
been proven to be the most sensitive method to detect
even small changes in bone density over time?324
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In the past, the dog model has been used to inves-
tigate experimental periodonta?>~27 and peri-
implant'8192829 disease. However, no direct compari-
son has been carried out among different implant
types in the same host. Since the severity of peri-
implant breakdown depends on the quality and quan-
tity of the bacterial attack, as well as the individual
capacity of the host to respond to the bacterial chal-
lenge, it seems important to compare different
implants in the same animal.

The purpose of the present study was to monitor
and compare microbiologically, radiographically, and
histologically the progression of ligature-induced
peri-implantitis around different types of endosseous
implants with three different surfaces in the canine
mandible.

Materials and Methods

Extractions and Implant Surgery. During the
study, animals were under the supervision of a veteri-
nary team (Laboratory Animal Resources Depart-
ment, University of Texas Health Science Center)
and were treated according to humane guidelines.
The mandibular second, third, and fourth premolars
of 14 healthy beagle dogs were extracted bilaterally.
Three months later, three different submerged
implants were placed on each side of the mandible
(Fig 1). An HA, titanium plasma-sprayed (TPS), and
titanium alloy (Ti-A) test implant were placed in a
random anterior-posterior distribution. All implants
were 10 mm in length and 4 mm in diameter. After
an additional 3 months, abutments were connected.
Three days later, metallic superstructures were
placed to protect the implants from functional and
parafunctional loading. Oral hygiene, consisting of
tooth brushing (C.E.T., VRx Products, Harbour City,
CA) and interproximal brushing and scaling with a
graphite scaler (SteriOss, Yorba Linda, CA), was per-
formed three times per week. No antimicrobial addi-
tives were used to prevent carry-over effect from the
control to the experimental side. If necessary, animals
were sedated every 2 weeks to ensure complete
plague and calculus removal.

Experimental Phase.  After 4 weeks of healing,
baseline readings, consisting of DNA from the deep-
est probing site at each implant (DMD 4, OmniGene,
Cambridge, MA), were taken, and standardized radi-
ographs (Ultra-speed, Eastman Kodak, Rochester,
NY) were made. DNA samples were obtained with
sterile paper points after careful supragingival plaque
removal. Since no information could be found in the
literature about the correlation of the level of
microbes and the extent of infection, a number of
statistical analyses, with different threshold levels,
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were performed. For example, the statistical analysis
of Pg involved separating the DNA data into four cat-
egories (<6 X 103 6.1 X 103 to 6 X 10%6.01 X 10*
to 6 X 10% > 6 X 10°); and a second analysis was
based on Pg readings for control implants using only
three categories (< 6 X 10% 6.1 X 10°to 3.5 X 10° >
3.5 X 10°). For standardized radiographs, custom-
made film holder/bite blocks (XCP, Rinn Corp, Elgin,

IL) were manufactured. The experimental sides were
chosen at random. Peri-implant inflammation was
induced using braided cotton retraction cord
(GingiBraid, VanR Dental Products, Oxnard, CA)
without astringents on the experimental side of the
mandible. Ligatures were placed subgingivally
around the neck of the implants. Plaque control was
maintained around control implants and discontin-
ued on the experimental side of the mandible. If nec-
essary, ligatures were replaced at the plaque control
appointments. Standardized radiographs were
repeated monthly.

Sacrifice.  Three months after ligature placement,
six dogs were sacrificed; the remaining eight dogs
were euthanized at 6 months. In addition to stan-
dardized radiographs, a second DNA probe sample
from the deepest site at each implant was taken at
sacrifice (Fig 1) after supragingival plaque removal.
After initial fixation in 10% formalin, the mandibles
were block-resected, and the recovered segments
with the implants were immersed in Poly/Lem
Fixative (Polysciences, Warrington, PA).

Histology. Implants were separated by a bucco-
lingual cut using an Isomet low-speed saw with a dia-
mond blade (Buehler, Lake Bluff, IL). Subsequently,
these segments were cut mesiodistally through the
midline of each implant. Finally, two sections were
obtained at a distance of 100 um. A Leica 1600
microtome saw (Leica, Wetzlar, Germany), equipped
with a diamond-coated blade, was used to procure
these 15- to 20-um-thick sections. Slides were pre-
pared for light microscopy without prior demineral-
ization. Dehydration was accomplished by graded
methanols (70 to 100%). Samples were embedded by
infiltration with Osteo-Bed media (Polysciences) and
xylene and stained with toluidine blue O, basic
fuchsin, and alizarin red.

The bone height and any subsequent vertical or
horizontal bone loss were quantitated histometrically
using the VISTA Bioquant System (R & M Bio-
metrics, Nashville, TN). (It was possible to measure
the amount of bone loss since the implants were
placed with their top at the bone crest level.) Vertical
bone loss (VBL) was computed. At the microscopic
level, the presence of the HA coating was verified
and the current thickness of hydroxyapatite coating
(THA) at various levels of the implants was measured.
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‘ Ligated implants ‘
I
Months Nonligated implants |
-7 -6 -5 -4 -3 -2 - 0 1 2 3 4 5 6
Extraction of Implant Abutment Ligatures Sacrifice Sacrifice
premolars placement connection, baseline 6 dogs 8 dogs
2,34 stents
Standardized radiographs X X X X X X X
Clinical parameters X X X X X X X
DNA probe X X X
Fig 1 Study design.

Fig 2 Schematic of histologic measurements at different
implant types: horizontal distance from the implant to the most
coronal point of the alveolar crest (hDIA); changes in crestal
bone height (CBH); marginal changes in osseointegration
(MOI); and area of vertical bone loss (VBL).

The following measurements were taken (Fig 2):

« Vertical distance from the neck of the implant
to the most coronal point of the crestal bone
(CBH)

« Distance from the neck of the implant to the
most coronal aspect of osseointegration (MOI)

« Horizontal distance from the implant to the most
coronal point of the alveolar crest (hDIA)

« THA at four different locations (Fig 3)

+ VBL, calculated using the measured distances

Radiography. After digitization and subtraction
radiography, radiographs were analyzed by CADIA.
To increase accuracy, only one examiner performed
the radiographic analysis?? The area-of-interest

Fig 3 Schematic of HA coating assessment. Points of evalua-
tion: point T = neck of implant; point 2 = one-half the distance
between points 1 and 3; point 3 = most coronal bone-implant
contact; point 4 = 3 mm apical to point 3.

(AQI), 16 X 16 pixels in size (0.60 mm?), was defined
on the baseline radiographs and placed adjacent to
the implants, including the most coronal bone-to-
implant contact. The AOI was placed approximately
0.1 mm away from the implant to avoid inherent
errors produced by superimposition of the implant.
Variation in pixel values of the subtraction images of
an unchanged area were found to be between 4.5 and
8.5 gray values. Therefore, a threshold value between
+ 9 and + 17 was chosen to exclude 95% of the image
noise and yield CADIA values representative of true
changes in bone mineral content. Negative values
represented a decrease and positive values an
increase in radiographic density.

Statistics. When control and experimental values
were compared at the same time points and a normal
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Fig 4a (left) Light micrograph of an un-
loaded, control HA implant at 6 months.
Complication-free tissue integration of
implant and abutment is noticeable
(mesiodistal section, original magnifica-
tion X 1.8; stained with toluidine blue
O, basic fuchsin, and alizarin red).

Fig 4b (right) Light micrograph of an
unloaded, experimental HA implant at 6
months. Typical signs of peri-implant
breakdown around implant and abut-
ment are apparent (mesiodistal section,
original magnification X 1.8; stained
with toluidine blue O, basic fuchsin, and
alizarin red).

distribution was present, the pairedt test was used
(histology, experimental versus control implants).
When a normal distribution was not found, a
Wilcoxon signed rank analysis (THA, CADIA, DNA)
was performed. For comparisons over time, analysis
of variance (ANOVA) and a post-hoc analysis, using a
general linear model with least mean squares, was
utilized. Differences among the implant types were
analyzed by F approximation for Friedman test.
When multiple comparisons were made, the P value
was adjusted accordingly. Correlations were exam-
ined for parametric data (CAL, 3° histology) by Pear-
son correlation analysis, and for nonparametric data
(CADIA) by Spearman correlation analysis.
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Fig 5a (left) Light micrograph of an
unloaded, control TPS implant at 6
months. Complication-free tissue integra-
tion of implant and abutment is evident.
Note loss of abutment because of histo-
logic processing (artifact). (Mesiodistal
section, original magnification X 1.8;
stained with toluidine blue O, basic
fuchsin, and alizarin red.)

Fig 5b  (right) Light micrograph of an
unloaded, experimental TPS implant at 6
months. Typical signs of peri-implant
breakdown around implant and abut-
ment are apparent (mesiodistal section,
original magnification X 1.8; stained
with toluidine blue O, basic fuchsin, and
alizarin red).

Results

Three implants, one of each type, failed to integrate
and were removed before the initiation of the experi-
mental phase. All of the other 81 implants were
deemed osseointegrated and clinically successful.
Thirty-nine control implants revealed complication-
free tissue integration (Figs 4a, 5a, and 6a). All 42
experimental implants showed typical signs of peri-
implant lesions (Figs 4b, 5b, and 6b).

Microbiology. At the end of the study, the levels
of all microbes tested were increased at all implants
(Table 1). Microbial levels were analyzed by
Wilcoxon’s signed rank test with two different sets of
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Table 1 DNA Probe Results for the Presence of Three Bacterial Species at Three Different Types of Implants at Baseline and at End of Study

Porphyromonas gingivalis (X 1000) Provotella intermedia (X 1000) Actinobacillus actinomycetemcomitans (X 1000)
HA TPS Ti-A HA TPS Ti-A HA TPS Ti-A
Time Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp Ctrl Exp
3 Months
Dog 1
Baseline ND 7.3 ND ND ND ND ND 8.2 7.5 ND ND ND ND ND ND ND ND ND
End of study 7.5 100 33 25 ND > 600 ND 12 11 10 ND 43 ND 6.6 ND 6.9 ND 6.1
Dog 2
Baseline 14 ND 23 12 8.2 8 ND ND ND ND ND ND ND ND ND ND ND ND
End of study ND 61 ND > 600 ND 210 ND 20 ND 140 ND 38 ND ND ND 6.3 ND ND
Dog 3
Baseline ND ND ND ND ND 13 ND ND ND ND ND ND ND ND ND ND ND ND
End of study ND 590 ND > 600 13 12 ND 30 ND 10 ND ND ND ND ND ND ND ND
Dog 4
Baseline t ND ND ND ND ND t ND ND ND ND ND 1 ND ND ND ND ND
End of study t 23 130 8.2 470 28 t ND 9.7 ND 13 ND t ND ND ND ND ND
Dog 5
Baseline ND 90 ND ND ND 96 ND ND ND ND ND 18 ND ND ND ND ND ND
End of study ND ND ND ND ND ND ND 6.7 ND ND ND 6.6 ND ND ND ND ND ND
Dog 6
Baseline ND ND t ND ND 58 ND ND t ND ND ND ND ND ND ND ND ND
End of study 400 55 t 480 > 600 > 600 37 8.1 t 29 51 40 ND ND ND ND ND ND
6 Months
Dog 1
Baseline ND ND ND ND 20 ND ND ND ND ND 7.2 ND ND ND ND ND ND ND
End of study ND 26 23 130 ND > 600 ND ND ND ND ND 27 ND ND ND ND ND ND
Dog 2
Baseline ND ND ND 7.6 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
End of study 50 28 43 91 170 ND 13 ND 12 13 26 ND ND ND ND ND ND ND
Dog 3
Baseline ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
End of study ND 74 ND 240 ND 440 ND 10 ND 10 ND 13 ND ND ND ND ND ND
Dog 4
Baseline 54 ND 58 92 16 ND 12 ND 32 14 ND ND ND ND ND ND ND ND
End of study ND 52 170 31 46 110 ND 11 23 ND 11 10 ND ND ND ND ND ND
Dog 5
Baseline ND 120 ND 250 ND 6.5 ND 18 ND 55 ND ND ND ND ND ND ND ND
End of study 98 > 600 ND 510 ND 76 18 37 ND 33 ND 40 ND ND ND ND ND ND
Dog 6
Baseline ND ND 59 ND t ND ND 10 ND ND t ND ND ND ND ND ND ND
End of study 48 260 33 ND t 48 18 12 24 ND 1 100 ND ND 7.4 ND ND ND
Dog 7
Baseline 9.1 ND ND ND 12 52 ND ND 10 ND 36 ND ND ND ND ND ND ND
End of study 84 530 ND 71 390 170 33 410 9.9 19 43 23 ND 21 ND ND ND ND
Dog 8
Baseline ND ND ND ND ND ND ND ND ND ND 6.3 17 ND ND ND ND ND ND
End of study ND 150 ND ND ND ND ND 11 ND ND ND ND ND ND ND ND ND ND

tNo DNA test performed.
ND = not detectable (< 6000).
Ctrl = control; Exp = experimental.
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Fig 6a (left) Light micrograph of an
unloaded, control Ti-A implant at 6
months. Complication-free tissue integra-
tion of implant and abutment is evident.
Note most coronal bone-implant contact
in area of first thread (mesiodistal sec-
tion, original magnification X 1.8;
stained with toluidine blue O, basic
fuchsin, and alizarin red).

Fig 6b (right) Light micrograph of an
unloaded, experimental Ti-A implant at 6
months. Typical signs of peri-implant
breakdown around implant and abut-
ment are noted (mesiodistal section,
T Tl original magnification X 1.8; stained
with toluidine blue O, basic fuchsin, and

3.0 |
25
2.0 -
1.5
1.0
0.5

264276

MOI (mm)

Ti-A

—— alizarin red).
B Ctl B Exp
Ctrl Ex
. * s,

2.85+1.76

2.21 £0.94

1.84 +£0.43

MOI (mm)

HA TPS Ti-A

Fig 7 Marginal changes in osseointegration (MOI) at 3 months
(n = 6; mean = standard deviation). Significant increase for
experimental TPS and Ti-A implants versus controls were noted
(*P < .05).

categories. The first analysis (four categories) detect-
ed significantly increased levels for Pg around experi-
mental HA implants, when compared to baseline
measurements at 6 months P < .05). The second
analysis (three categories) could not detect any signif-
icant difference in microbiota around the three dif-
ferent implant types. Aa was never present at the
beginning of the study and showed a very low preva-
lence; it could only be detected 6 times out of 162
samples (less than 4%).

Histology. Histologic evaluations revealed a
decrease in MOI for all implants at 3 and 6 months
(Figs 7 and 8). Greater loss was noted at the experi-
mental implants, and significant differences were
noted between the control and experimental group
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Fig 8 Marginal changes in osseointegration (MOI) at 6 months
(n = 8 mean =+ standard deviation). Experimental HA implants
experienced significant loss compared to controls (*P < .05).

for TPS and Ti-A at 3 months and for HA at 6 months
(P < .05). However, F approximation for Friedman
test revealed no significant differences among the
three implant types. All implants lost CBH (Figs 9
and 10), and only Ti-A showed significant differences
between control and experimental implants at 3
months (P < .05). No differences among the tested
implants were noted for CBH. VBL was shown to be
significantly greater for TPS at 6 months when con-
trol and experimental groups were compared (Figs 11
and 12). This was significantly different from the
other two implant types P < .025).

When the THA was evaluated (Fig 13), no differ-
ence between the 3- and 6-month data was detected.
Therefore, the data were analyzed together. At point
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Fig 9 Changes in crestal bone height (CBH) at 3 months (n =
6, mean = standard deviation). Experimental Ti-A implants
exhibited a significant decrease in crestal bone level (*P < .05).

Fig 10 Changes in crestal bone height (CBH) at 6 months (n =
8; mean =+ standard deviation). No significant changes between
control and experimental groups were apparent.
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Fig 11  Area of vertical bone loss (VBL) at 3 months (n = 6; Fig 12 Area of vertical bone loss (VBL) at 6 months (n = 8;

mean = standard deviation). Despite noticeable increases at
experimental HA implants, no statistically significant differences
between control and experimental implants were detectable.

2 (Fig 14), THA in the experimental group was
decreased when compared to the control implants P
< .05). No differences at all other points of evaluation
between control and experimental HA implants were
apparent. It was noted, however, that in almost all
cases, no HA coating could be detected at point 1.
The thickness at points 3 and 4 ranged from 48.22 +
9.18 um to 54.14 + 7.50 pm.

Radiology. CADIA values at 3 months (Fig 15)
indicated a significant decrease in bone density for
experimental compared to control implants P < .05).
The same trend was noted at 6 months (Fig 16), with
only TPS showing statistically significant decreases in
bone density between control and experimental
implants. No difference among the tested implant
types was detected at 3 and 6 months.

Correlations. High correlation of CAL to MOI
for both control and experimental TPS and HA was

mean =+ standard deviation). Although an increase was observed
for experimental HA implants compared to controls, significant
changes were only evident comparing experimental TPS
implants versus controls (*P < .05).

found (r =.71 to r = .94, P < .05). At experimental
Ti-A, high correlation for CAL to MOI was discov-
ered (r = .92, P < .05). Moderate correlation was
detected for mobility with MOI at experimental
implants (r =.58 for TPS and HA, P <.05; r =.76 for
Ti-A, P <.05). No correlations of PPD or CADIA to
histologic parameters were found.

Discussion

In the present study, placement of cotton ligatures
and cessation of oral hygiene to accelerate plaque
formation resulted in the formation of a pocket that
allowed for the establishment of pathologic subgingi-
val microbiota. This reaction was associated with a
deterioration of examined parameters in this study.
The acute inflammatory tissue response to bacterial
plague accumulation seemed to represent a localized
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Fig 13  Thickness of HA coating (THA) at 3 and 6 months
(mean + standard deviation). Significant changes were detected
between experimental and control implants at point 2 (*P <
.05).

Fig 14 Hard and soft tissue interface of an unloaded, experi-
mental HA implant at 6 months. | = implant; CT = connective
tissue, B = bone; * = HA coating. Note resorption of HA coating
above the most coronal bone-implant contact (mesiodistal sec-
tion, original magnification X 50, bar = 50 pm; stained with
toluidine blue O, basic fuchsin, and alizarin red).
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Fig 15 Computer-assisted densitometric image analysis
(CADIA) at 3 months (n = 14; mean + standard deviation).
Statistical analysis revealed significant decreases of bone den-
sity at all experimental implants (*P < .05).

lesion, comparable to that encountered in advanced
periodontaP>-%7 as well as peri-implant'819.2829 djs-

ease. Comparable observations have been reported in
a study where cotton floss ligatures were placed at
mandibular premolars in dogs with longstanding
plague and gingivitis3' It was concluded that the

placement of the ligatures converted an established
lesion to an advanced and progressively destructive
lesion.3?
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Fig 16 Computer-assisted densitometric image analysis
(CADIA) at 6 months (n = 8; mean =+ standard deviation).
Although differences between control and experimental
implants were noted, a statistically significant level was only
reached at the TPS implant (*P < .05).

When the three different implant types were com-
pared by clinical parameters, no relevant differences
among HA, TPS, or Ti-A could be found, either in the
performance of the control implants or in the
response to infection, as reported previously3°
Compelling was the observation of this study that no
consistent differences among the three different
implant types in the extent of peri-implant breakdown
were found at the histologic level. These findings sug-



gest a similar susceptibility and response of the evalu-
ated implant types of induced peri-implantitis.

In this study, DNA analysis of three putative
pathogens (Aa, Pg, Pi) revealed ambiguous findings
since, of the two performed analyses, one showed no
significance and the other showed significance.
Because of the lack of information in the literature,
one cannot favor one analysis over the other.
Therefore, this study cannot answer the question of
whether there is a significant impact of microbial col-
onization resulting from different surface characteris-
tics based on the severity of peri-implant infection.
However, generally increased levels have been previ-
ously reported at different types of endosseous
implants 512 Mombelli et al® studied the microbiota
associated with failing implants in humans. They
defined a failing implant as one displaying signs of
deep pocketing, suppuration, and loss of alveolar
bone. The unsuccessful sites harbored a microflora
with a large proportion of gram-negative anaerobic
rods (eg, black-pigmented bacteroides and fusobac-
terium species) as well as spirochetes. Control sites,
ie, successful sites in the same patients, harbored
sparse microbiota, which were dominated by coccoid
cells. Similar findings were presented by Becker et
al, who observed that the pocket microbiota at fail-
ing implants in humans revealed moderate levels of
Aa, Pg, and Pi.

Several studies have reported on ligature-induced
peri-implant breakdown, comparing control and ex-
perimental implants in a split-mouth design29282°
Since the severity of peri-implant disease is the result
of bacterial insult and individual host response, a
direct comparison of different implant types in the
same animal would seem to be crucial in evaluating
characteristic tissue responses. Therefore, conclu-
sions drawn in several anecdotal reports, associating
HA implants with higher susceptibility to peri-
implantitis, may be questionable333# In this study, no
difference among the three tested implant types in
terms of the extent of peri-implant breakdown was
found at the histologic level. This indicates similar
susceptibility of the evaluated implants to induced
peri-implantitis.

When THA was assessed at points 3 and 4, no
apparent loss over time of HA coating was noted.
The measured values confirm the dimensions given
by the manufacturer of approximately 50-um thick-
ness. The significant increase of HA resorption at
point 2 conforms to previously reported observa-
tions.21223> Oral hygiene procedures and/or subclini-
cal inflammation may have contributed to the
decrease of THA at points 1 and 2.

Several studies suggested detection of early loss of
integration at dental implants by digital subtraction
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radiography?® and CADIA. 23?% At 6 months, only
experimental TPS implants showed a significant
decrease in bone density when compared to controls.
The lack of statistically significant changes for HA
and Ti-A implants is most likely the result of a
reduced number of subjects evaluated. No difference
among the implant types was noted. However, large
standard deviations were detected in this CADIA
analysis. Therefore, minor CADIA changes should
only be interpreted in conjunction with other mea-
surements. CAL has been shown to have the highest
correlation of all evaluated clinical parameters to the
histologic data. Therefore, the clinical evaluation of
peri-implant disease should focus primarily on CAL
measurements.

Conclusion

Side-by-side comparison of the three different
implant types revealed similar susceptibility to
induced peri-implantitis. In comparing clinical,

microbial, and histologic evaluation of peri-implant
anatomy and pathology, CAL has been shown to be
the best clinical parameter, exhibiting the highest
correlation between clinical and histologic status.
Meticulous oral hygiene, even around endosseous
implants, appears to be a major prerequisite for suc-
cessful implant treatment.
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