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Crestal Bone Changes at Nonsubmerged Implants
(Camlog) with Different Machined Collar Lengths:

A Histomorphometric Pilot Study in Dogs
Frank Schwarz, DDS, Dr Med Dent, PhD1/Monika Herten, Dr Rer Nat2/

Katrin Bieling, DDS, Dr Med Dent2/Jürgen Becker, DDS, Dr Med Dent, PhD3

Purpose: The aim of the present study was to histomorphometrically investigate crestal bone changes
at nonsubmerged implants (Camlog) with different machined collar lengths in a dog model. Materials
and Methods: One-stage insertion of sandblasted acid-etched screw-type implants with machined
neck sizes of 1.6 mm (CAM) and 0.4 mm (CAM+) was performed in the mandibles of 4 beagle dogs.
Both types of implants were inserted so that the implant shoulder (IC) exceeded the alveolar crest for
0.4 mm. Placement was followed by the connection of standard abutments. The animals were sacri-
ficed after 2 and 12 weeks. Dissected blocks were processed for histomorphometric analysis (eg, dis-
tance between IC and the coronal extension of bone-implant contact [CBI], the distance between IC
and the apical extension of the inflammatory cell infiltrate, and the percentage of bone-implant con-
tact). Results: Histomorphometric analysis revealed significantly increased mean IC-CBI (CAM: 2.4 ±
0.3 mm; CAM+: 1.6 ± 0.1 mm) and BIC (CAM: 77%; CAM+: 80%) values in both groups at 12 weeks.
However, mean IC-CBI values were significantly higher in the CAM group (P < .01). An inflammatory cell
infiltrate was localized to the implant-abutment interface of both CAM and CAM+ implants, and BC was
clearly separated from aICT by a subepithelial connective tissue zone. Conclusions: Within the limits of
the present study, it was concluded that (1) rough-surfaced implant necks reduced crestal bone level
changes after 12 weeks of healing, and (2) microbial leakage apparently did not contribute to the mar-
ginal bone resorption in either group. INT J ORAL MAXILLOFAC IMPLANTS 2008;23:335–342
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The replacement of missing teeth by means of
endosseous titanium implants has become an evi-

dence-based treatment modality for both completely
and partially edentulous patients.1–4 This concept is
mainly based on the biologic phenomenon of
osseointegration, defined as direct structural and

functional connection between ordered, living bone
and the surface of a load-bearing implant.5 Pre-
dictable treatment outcomes have been reported for
both submerged6 and nonsubmerged healing proce-
dures.7–11 The formation of peri-implant tissues is not
dependent on the surgical approach.12–14 Indeed, the
transmucosal attachment at submerged and nonsub-
merged implants reveals a junctional epithelium and
connective tissue resulting in a 3- to 4-mm-wide zone
of soft tissue coverage of the implant-supporting
bone.15,16 However, distinct crestal bone changes of
about 2 mm have been reported in the first year of
loading, particularly around 2-piece implants.17,18 In
recent years, several investigations have examined
these initial crestal bone changes. In particular, some
authors have examined the potential role of the
microgap at the implant-abutment interface in bacte-
rial colonization of the implant sulcus.19–21 Biologic

1Assistant Professor, Department of Oral Surgery, Heinrich Heine
University, Düsseldorf, Germany.

2Research Associate, Department of Oral Surgery, Heinrich Heine
University, Düsseldorf, Germany.

3Professor and Chairman, Department of Oral Surgery, Heinrich
Heine University, Düsseldorf, Germany.

Correspondence to: Dr Frank Schwarz, Department of Oral
Surgery, Westdeutsche Kieferklinik, Heinrich Heine University, 
D-40225 Düsseldorf, Germany. Fax: +49 211 1713542. E-mail:
info@frank-schwarz.de

Schwarz.qxd  3/17/08  3:57 PM  Page 335



336 Volume 23, Number 2, 2008

Schwarz et al

aspects such as the formation of a proper biological
width,22 biomechanical aspects such as interfacial
shear strength,23 and the influence of the implant
design itself (eg, macro- and microstructure) have also
been discussed.24,25 Due to the fact that rough sur-
faces accumulate and retain more plaque than
smooth surfaces, nowadays, most implant systems
use machined implant necks.26–28 However, Zechner
et al observed significantly more long-term peri-
implant bone loss with machined implants compared
to rough-surfaced implants.25 Moreover, Jung et al
observed a correlation between the amount of bone
resorption and the length of the machined neck (ie,
the longer the machined neck, the greater the bone
resorption).29 The optimal ratio of machined surface
to roughened surface at the implant neck is still
unknown. Therefore, the aim of the present study was
to histomorphometrically investigate crestal bone
changes at nonsubmerged implants with different
machined collar lengths in a dog model.

MATERIALS AND METHODS

Animals
Four beagle dogs (age, 20 to 24 months; mean
weight, 16.4 ± 0.4 kg) were used in the study. All ani-
mals exhibited a fully erupted permanent dentition.
During the experiment, the dogs were fed once per
day with soft food and water. Animal selection, man-
agement, and surgery protocol were approved by
the Animal Care and Use Committee of Heinrich
Heine University and the Bezirksregierung Düssel-
dorf. The experimental segment of the study started
after an adaption period of 4 weeks.

Study Design
The study was performed in 2 surgical phases. In the
first phase, extraction of the mandibular and maxil-
lary second, third, and fourth premolars and first
molar (P2 to M1) was performed bilaterally. After 4
months of healing, surgical implantation of screw-
type sandblasted and acid-etched (Promote; Camlog,
Basel, Switzerland) implants (3.8 mm wide, 11 mm
long, Camlog Screw Line) was performed in a non-
submerged healing procedure (phase 2). Both test
implants (machined neck size: 0.4 mm, commercial
name Promote plus; CAM+) and control implants
(machined neck size: 1.6 mm; CAM) implants were
randomly assigned to the mandibles according to a
split-mouth design; each animal received 2 implants
per group. Standard abutments (width of 3.8 mm,
height of 4 mm, Camlog) were connected with a
torque of 15 Ncm immediately following implant
placement in both groups.

There was no prosthesis load on the implants. Ran-
domization was performed according to a computer-
generated list (RandList, DatInf, Tübingen, Germany).
Accordingly, each animal received 4 implants bilaterally
in the mandible (2 CAM, 2 CAM+, respectively). Radi-
ographs were obtained before and immediately after
tooth extraction as well as immediately after implant
insertion.The animals were sacrificed after healing peri-
ods of 2 and 12 weeks (2 animals per period).

Surgical Procedure
After sedation with acepromazine (0.17 mg/kg body
weight), the dogs were anesthetized with 21.5 mg/kg
thiopental sodium. For all surgical procedures,
inhalation anesthesia was performed with oxygen,
nitrous oxide, and isoflurane. To maintain hydration,
all animals received a constant rate infusion of lac-
tated Ringer solution while anesthetized. In the first
surgery, P2 to M1 were carefully removed bilaterally
in both jaws after reflection of mucoperiosteal flaps
and tooth separation. After wound closure by means
of mattress sutures, the sites were allowed to heal for
4 months. Prophylactic administration of clindamycin
(11.0 mg/kg body weight, Cleorobe; Pharmacia
Tiergesundheit, Erlangen, Germany) was performed
intra- and postoperatively for 10 days. In the second
surgery, bilateral buccal incisions were made, and
mucoperiosteal flaps were reflected to expose the
respective sites for implant insertion in the
mandibles. Surgical implant sites were prepared
bilaterally at a distance of 10 mm apart using a low-
trauma surgical technique under copious irrigation
with sterile 0.9% physiologic saline. Both CAM and
CAM+ implants were inserted so that the implant
shoulder was situated 0.4 mm above the alveolar
crest, as suggested by the surgical protocol of the
manufacturer. Accordingly, in the CAM group, the
machined neck was located approximately 1.1 mm
subcrestally, whereas at CAM+ implants the
machined neck was located at the bone crest level
(Fig 1). Following connection of the standard abut-
ments, wound closure was achieved with consecu-
tive resorbable 5.0 polyglycolic acid sutures
(Resorba, Nürnberg, Germany), and implants were
left to heal in a transgingival position.

Retrieval of Specimens
The animals were sacrificed (overdose of sodium
pentobarbital 3%) after healing periods of 2 and 12
weeks, respectively, and the oral tissues were fixed by
perfusion with 10% buffered formalin administered
through the carotid arteries. The jaws were dissected,
and blocks containing the experimental specimens
were obtained. All specimens were fixed in 10% neu-
tral buffered formalin solution for 4 to 7 days.
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Histologic Specimen Preparation
The specimens were dehydrated using ascending
grades of alcohol and xylene, infiltrated, and embed-
ded in methyl methacrylate (MMA, Technovit 7200;
Heraeus Kulzer, Wehrheim, Germany) for nondecalci-
fied sectioning. After 20 hours the specimens were
completely polymerized. Each implant site was cut in
the mesio-distal direction along with the long axis of
the implant using a diamond wire saw (Exakt; Appa-
ratebau, Norderstedt, Germany). Serial sections were
prepared, resulting in 3 sections of approximately 500
µm in thickness.30 Subsequently, all specimens were
glued with acrylic resin cement (Technovit 7210 VLC;
Heraeus Kulzer, Wehrheim, Germany) to opaque Plexi-
glas and ground to a final thickness of approximately
30 µm. All sections were stained with toluidine blue to
evaluate marginal hard and soft tissue integration.
With this technique, old bone stained light blue,
whereas newly formed bone stained dark blue
because of its higher protein content.31

Histologic Analysis
Histomorphometrical analyses as well as microscopic
observations were performed by a single experi-
enced investigator masked to the specific experi-

mental conditions. For image acquisition a color CCD
camera (Color View III; Olympus, Hamburg, Germany)
was mounted on a binocular light microscope
(Olympus BX50; Olympus, Hamburg, Germany). Digi-
tal images (original magnification �200) were evalu-
ated using a software program (analySIS FIVE docu,
Soft Imaging System, Münster, Germany).

The following landmarks were identified in the
stained sections at both mesial and distal aspects:
the implant shoulder (IC), the marginal portion of the
peri-implant mucosa (PM), the apical extension of
the long junctional epithelium (aJE), the apical exten-
sion of the inflammatory cell infiltrate (aICT), the
most coronal level of bone in contact with the
implant (CBI), and the level of the alveolar bone crest
(BC). The amount of new bone-to-implant contact
(BIC) was measured as percentage of the distance ID-
mesial to ID-distal (Fig 2).

Intraexaminer Reliability
Both microscopic observations and histomorphomet-
ric measurements were performed by a single experi-
enced investigator masked to the specific experimen-
tal conditions. For histomorphometry, calibration was
performed by means of 5 histologic sections. The

CAM CAM+

ID 0.4 mm

Fig 1 Both CAM and CAM+ implants were inserted so that the
implant shoulder (IC) exceeded the alveolar crest for an insertion
depth of 0.4 mm. Accordingly, in the CAM group, the machined
neck was located approximately 1.1 mm subcrestally, whereas
for CAM+ implants the machined neck was located at the bone
crest level.

Fig 2 (Right) Landmarks for histomorphometric analysis. IC =
the implant shoulder; PM = the marginal portion of the peri-
implant mucosa; aJE = the apical extension of the long junctional
epithelium; aICT = the apical extension of the inflammatory cell
infiltrate; CBI = the most coronal level of bone in contact with the
implant; BC = the level of the alveolar bone crest (CAM; toluidine
blue, original magnification �25).

aJE
IC

aICT

BC

CBI

PM
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examiner evaluated the specimens on 2 separate
occasions 48 hours apart. Calibration was accepted if
measurements at baseline and at 48 hours were simi-
lar beyond an agreement level of 90%.

Statistical Analysis
The statistical analysis was performed using a com-
mercially available software program (SPSS 14.0;
SPSS, Chicago, IL). Mean values and standard devia-
tions for peri-mucosa, the most coronal level of
bone-implant contact, inflammatory cell infiltrate,
and bone-implant contact were calculated for each
group in each dog. The data rows were examined
with the Kolmogorov-Smirnov test for normal distri-
bution. For the statistical evaluation of the changes
within groups over time, the paired t test was used.
For comparisons between groups, the unpaired t test
was used.The alpha error was set at .05.

RESULTS

Postoperative healing was generally uneventful in all
dogs. No complications, such as allergic reactions,
abscesses, or infections, were observed throughout
the study period.

Histologic Observations/Histomorphometric
Analysis
The mean values and percentages of PM-aJE, aJE-CBI,
IC-BC, IC-CBI, IC-aICT, and BIC for each group at 2 and
12 weeks are presented in Figs 3 and 4.

In general, at 2 weeks following implant insertion,
both CAM and CAM+ implants revealed comparable
mean values of PM-aJE and IC-BC (P > .05, unpaired t
test). Moreover, in both groups, mean IC-BC values
appeared to be within the range of ID. However, his-
tologic observation revealed obvious differences
with respect to initial marginal bone adaptation in
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Fig 3 Histomorphometric parameters: Mean
scores of PM-aJE, aJE-CBI, IC-BC, IC-CBI, and IC-
aICT (in mm ± SD; n = 16 implants) in both groups
after (a) 2 and (b) 12 weeks of healing. Compar-
isons between groups were made using the
unpaired t test. ** P < .01; *** P < .001.
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both groups. The marginal portion of CAM implants
was separated from the parietal bone by a dense
connective tissue zone (Fig 2). In contrast, CAM+
implants revealed CBI slightly apical to the level of ID,
consisting of newly formed trabeculae of woven
bone originating from the parietal alveolar bone.
Accordingly, histomorphometric analysis revealed
significantly higher mean values of both aJE-CBI and
IC-CBI in the CAM group (P < .001, respectively,
unpaired t test). In particular, while CBI was located at
a mean distance of 2.6 ± 0.1 mm apical to IC in the
CAM group, CAM+ implants revealed CBI at a mean
distance of 1.0 ± 0.25 mm apical to IC (P < .001,
unpaired t test). Similarly, aJE was generally located
apical to IC in the CAM group, while aJE tended to be
on a level with IC at CAM+ implants (P < .001,
unpaired t test). Mean BIC values were comparable
for the 2 groups (P > .05, unpaired t test; Fig 4). Histo-
morphometric analysis revealed a localized inflam-

matory cell infiltrate adjacent to the joint between
the endosteal and transmucosal portion of both
CAM and CAM+ implants, as indicated by low mean
IC-aICT values (P > .05, unpaired t test). In both
groups, aICT and BC were clearly separated by a
subepithelial connective tissue zone with parallel
running collagen fibers and rare blood vessel forma-
tion (Figs 5a and 5b). After 12 weeks, histologic analy-
sis revealed ongoing bone formation within the
endosteal area of both groups, as indicated by
increased mean BIC values (P < .001, respectively,
paired t test). In particular, both CAM and CAM+
implants seemed to be surrounded by firmly
attached mature parallel-fibered woven bone (Figs
6a and 6b). However, histomorphometric analysis
also revealed increased mean IC-BC values in both
groups (P < .001, respectively, paired t test). While
CAM implants exhibited significant decreased mean
aJE-CBI and IC-CBI values, CAM+ implants revealed
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Fig 4 Histomorphometric parameters: Mean ± SD percentages
of BIC (n = 16 implants) in both groups after 2 and 12 weeks of
healing.

Fig 5 After 2 weeks of healing, inflamma-
tory cell infiltrates were localized adjacent
to the joint between the endosteal and
transmucosal portion of both (a) CAM
implants (toluidine blue; original magnifica-
tion �400) and (b) CAM+ implants (tolui-
dine blue; original magnification �500).
Arrows indicate multinucleated giant cells.
Extended gap formation is an artifact of his-
tologic processing.
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significant increases of respective mean aJE-CBI and
IC-CBI values (P < .01, respectively, paired t test; Figs
3a and 3b). Mean aJE-CBI and IC-CBI values were sig-
nificantly lower at CAM+ implants (P < .01, respec-
tively, paired t test). In both groups, histomorphomet-
ric analysis failed to reveal any increases of mean
IC-aICT values after 12 weeks of healing (P > .05,
respectively, paired t test; Figs 6c and 6d).

DISCUSSION

The present study was designed to histomorphomet-
rically investigate crestal bone changes at nonsub-
merged implants with different machined collar
lengths in a dog model. Within the limits of the pre-

sent study, it was observed that at 2 weeks, the
machined neck of CAM implants interfered with the
process of osseointegration. In contrast, CAM+
implants revealed newly formed trabeculae of woven
bone in close contact with the implant neck. After 12
weeks of healing, however, both CAM and CAM+
implants exhibited a significant loss of the crestal
bone, although statistical analysis revealed signifi-
cantly higher values in the CAM group. When inter-
preting the present results, it was also observed that
both CAM and CAM+ implants exhibited an ongoing
bone formation in the endosteal area, as indicated by
increased mean BIC values over time. Even though
these are the first data investigating crestal bone
changes at both types of implants after 2 and 12
weeks, mean BIC values noted for CAM implants

340 Volume 23, Number 2, 2008
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Fig 6 Histologic views  of ongoing bone
formation in the endosteal area of both
groups. After 12 weeks of healing, (a) CAM
and (b) CAM+ implants had undergone sig-
nificant crestal bone loss. However, the
rough-surfaced implant necks of CAM+
implants significantly reduced crestal bone
level changes (toluidine blue; original mag-
nification �25). In both groups, the inflam-
matory cell infiltrate was clearly separated
from the bone crest by a subepithelial con-
nective tissue zone with parallel running
collagen fibers and rare blood vessel forma-
tion. (c) CAM (toluidine blue; original magni-
fication �200). (d) CAM+ (toluidine blue
stain, original magnification �200).
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seemed to be within the range reported in a recent
pilot study in dogs after 4 weeks of submerged heal-
ing.32 There might be several possible reasons for the
crestal bone changes in both groups. First of all, it
must be emphasized that the mobilization of
mucoperiosteal flaps might have caused an insult
upon the periosteum and bone.33 Secondly, several
studies have reported microbial leakage resulting in a
mucosal inflammatory reaction that might have influ-
enced marginal bone resorption.19–21 Indeed, the
results of a previous in vitro study showed that CAM
implants exhibited bacterial leakage along the
implant-abutment interface. In this test model,
Escherichia coli contamination was assessed under
functional loading in an artificial chewing simulator.34

This observation might also be supported by the
results of the present study, since histomorphometric
analysis revealed a slight inflammatory cell infiltrate in
the connective tissue adjacent to the implant-abut-
ment interface of both the CAM and CAM+ groups.
However, after 2 and 12 weeks of healing, the inflam-
matory cell infiltrate was clearly separated from the
implant supporting alveolar bone by a sound subep-
ithelial connective tissue zone. Accordingly, it might
be hypothesized that microbial leakage apparently
did not contribute to the marginal bone resorption in
either group. As described, Jung et al observed a cor-
relation for the amount of marginal bone resorption
and the length of the machined neck (ie, the longer
the machined neck, the higher the bone resorption).29

Shin et al also observed significantly greater marginal
bone level changes at machined necks in comparison
to rough-surfaced necks after 3, 6, and 12 months of
healing.24 Moreover, Hermann et al reported that
implants with machined surfaces located below the
bone crest level revealed significantly higher crestal
bone changes.35 All these data taken together with
the results from the present study seem to indicate
that the first bone-implant contact is dependent on
the border between a rough and smooth implant sur-
face. Indeed, many studies have clearly demonstrated
that bone tissue favors rough implant surfaces com-
pared to relatively smooth titanium surfaces.36–40

When interpreting the present results, however, it
must be realized that CAM+ implants also revealed
significant crestal bone changes at 12 weeks. This
might be explained by the concept of crestal bone
loss due to the formation of a biological width.22 In
particular, the zone of connective tissue at CAM+
implants increased from 0.6 ± 0.3 mm at 2 weeks to
1.3 ± 0.1 mm at 12 weeks. This observation is in agree-
ment with the results from a previous experimental
study in dogs, which indicated that the peri-implant
mucosa contained a zone of connective tissue that
was about 1.3 to 1.8 mm high.22

CONCLUSIONS

Within the limits of the present study, it was concluded
that (1) rough-surfaced implant necks reduced crestal
bone level changes after 12 weeks of healing and (2)
microbial leakage apparently did not contribute to the
marginal bone resorption in either group.
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