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Background: The objective of this study was to evaluate the in-
fluence of early exposure of the cover screw on crestal bone loss
around implants.

Methods: The study population consisted of 19 patients who
were treated with dental implants placed using a two-stage surgi-
cal protocol and had early exposed and non-exposed implants
(20 early exposed and 20 non-exposed implants). The crestal
bone loss at exposed and non-exposed implants in each patient
was evaluated with a periapical radiograph taken at the first
surgery and at suprastructure insertion using a computerized
image-analysis system. The bone loss was compared using the
Wilcoxon signed-rank test.

Results: The mean crestal bone loss at exposed implants was
0.40 – 0.53 mm, and it was 0.18 – 0.26 mm at non-exposed im-
plants. The Wilcoxon signed-rank test revealed a statistically
significant difference in crestal bone loss between exposed and
non-exposed implants in the same patient (P = 0.02).

Conclusions: The early exposure of the cover screw that re-
sults in breakdown of the mucosal seal seems to accelerate early
peri-implant crestal bone loss. Periodic follow-up after the first
surgery may be critical for minimizing the influence of early expo-
sure. J Periodontol 2009;80:933-939.
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T
he peri-implant mucosa has
many features in common with
gingival tissues; it establishes a

cuff-like barrier, and the junctional
epithelium adheres to the implant
surface through a basal lamina and
hemidesmosomes.1,2 The dimension
of the junctional epithelium is ;2 mm
in the apico-coronal direction, and the
zoneofconnective tissueattachment is
;1 mm high. Once the implant is
exposed to the oral environment and
is functioning, a mucosal attachment
of a certain minimal dimension is
required to protect osseointegration.3

Loss of supporting bone can occur
between the first and second surger-
ies, and it only becomes clinically ap-
parent when the fixture is uncovered.
Numerous factors may contribute to
the early bone loss; however, many
researchers4-6 believe that sealing
the communication between the im-
plant and the oral cavity early in the
development of osseointegration is
crucial for its success. On the con-
trary, other investigators7-10 reported
that peri-implant soft and hard tissues
of intentionally non-submerged (one-
stage protocol) implants have similar
dimensions and composition as those
of submerged (two-stage protocol)
implants; these studies included a
strict plaque-control program.
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Adell et al.11 observed early exposure of the mu-
cosa in 4.6% of their treated patients, consisting of
304 fixtures in 22 upper and 24 lower jaws. Toljanic
et al.12 and Tal13 reported 5.1% and 13.7% exposure
rates, respectively. In histopathologic examinations
of perforated soft tissue specimens, hyperplastic epi-
thelium showed a gradual tendency toward invagina-
tion closer to the exposed site. A space that formed
between the epithelial margins induced a direct com-
munication between the implant cover screw and the
oral cavity.14 The breach between the perforated mu-
cosa and the cover screw is an ideal place for plaque
to accumulate and for bacteria to colonize during
osseointegration.13 If plaque accumulates on the
implant surface, the subepithelial connective tissue
becomes infiltrated with inflammatory cells.15,16

When the apical migration of the plaque front con-
tinues, clinical and radiographic signs of tissue de-
struction are seen around the implants.16,17

The aim of this study was to evaluate the influence
of spontaneous early exposure of the cover screw on
crestal bone loss around implants.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of Yonsei University. The patients were in-
formed of the study procedures, and all provided writ-
ten informed consent.

Patients
The study subjects were selected from 355 patients
who received two-part implants using a two-stage sur-
gical protocol at the Department of Periodontology,
Gangnam Severance Hospital, between August
2000 and August 2007. Seven hundred eighty-one
implants were placed; the patients had good general
health at the time of the implant procedure.

Twenty-eight implants in 24 patients were sponta-
neously exposed to the oral cavity before uncovering
surgery. Among the 24 patients, those who also had a
non-exposed implant were selected for the intraindi-
vidual comparison of crestal bone loss between the
exposed and non-exposed implants.

Fourteen males and five females with a mean age of
54.4 years (range, 34 to 82 years) were included in the
present study. One of the patients had two exposed
and two non-exposed implants. As a result, 20 ex-
posed and 20 non-exposed implants in 19 patients
were evaluated (Table 1).

Procedures
Treatment procedure. The threaded conical im-
plants§ were placed following a two-stage surgical
protocol. The first surgery was performed ‡3 months
after tooth extraction, when the intact healing state of
the extraction socket was confirmed clinically and ra-
diographically. The top of the fixture was inserted at

or below the marginal bone level. However, small var-
iations in insertion depth occurred depending on the
anatomy of the crest. All implants were inserted with-
out guided bone regeneration or any other augmenta-
tion procedure.

After surgery, patients were instructed to avoid
brushing the surgical site and to use antiseptic rinsei

(twice a day) for 10 days. A cold, soft diet was recom-
mended for 2 days, and smokers were asked to avoid
smoking for 7 days postoperatively.

The sutures were removed after 10 days. The pa-
tients were checked 1, 3, and 7 weeks after suture re-
moval and 1 week before the second surgery.

The second surgery was performed after a healing
period of 3 months in the mandible and 6 months in
the maxilla; the suprastructure was inserted 3 to 4
weeks after the second surgery.

An uncovering surgery was performed immediately
when cover screw exposure through the oral mucosa
was observed between the first and second surgeries.
A crestal mini-incision and local undermining in the
gingiva at the center of the implant site were per-
formedwithoutflapelevationwhenplacing thehealing
abutment after cover screw removal. Patients were
asked to perform strictplaque control around theheal-
ing abutments (Fig. 1). The suprastructure was in-
serted after a proper healing period: 3 months in the
mandible and 6 months in the maxilla after implant
insertion.

Radiographs and evaluation. Standardized periap-
ical intraoral radiographs were taken at the first sur-
gery and at suprastructure insertion by a paralleling
technique using films¶ and a computed dental radiog-
raphy digital sensor.#

The films were digitized using a digital scanner** at
an input resolution of 2,400 dots per inch with 256
gray scales. Digital images were converted to the
tagged image file format (tiff) by a picture archiving
and communicating system.†† All files were trans-
ferred to a personal computer‡‡ and examined using
the same monitor,§§ which was set to a resolution of
1,024 · 768 pixels.18

The radiographs of exposed and non-exposed im-
plants were evaluated for the distance between the im-
plant shoulder and the bone/implant contact point at
the mesial and distal surfaces using a computerized
image-analysis system,ii and the average value was

§ Astra Tech implants, Astra Tech, Mölndal, Sweden.
i Freshburst Listerine, Pfizer Consumer Healthcare, Walton-on-the-Hill,

Surrey, U.K.
¶ Kodak Insight F-speed film, Eastman Kodak, Rochester, NY.
# Schick Technologies, Long Island City, NY.
** EPSON GT-12000, EPSON, Nagano, Japan.
†† PiViewSTAR, Infinitt, Seoul, Korea.
‡‡ Processor, Intel Celeron D, Intel, Santa Clara, CA; operating system,

Windows XP Professional 2002, Microsoft, Redmond, WA.
§§ Flatron 775FT Plus, LG, Seoul, Korea.
ii Adobe Photoshop 7.0, Adobe Systems, San Jose, CA.
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obtained. Crestal bone loss, calculated as the differ-
ence between the distance at the first surgery and
suprastructure insertion, was determined (Figs. 2
and 3). The measurements were made to the nearest
0.01 mm.

The measurements were done by a single operator
(TK). Prior to taking part in the present investigation,
intraobserver variability was tested under the supervi-
sion of the director (ISM). The bone loss in 40 periap-
ical films with exposed and non-exposed implants

that were selected arbitrarily for the calibration of in-
traobserver variability was measured twice, with an
interval of 1 week between measurements. The Wil-
coxon test was used to assess the statistical signifi-
cance of differences between the first and second
measurements. Pearson correlation coefficients were
calculated to examine the relationship between the
two measurements. The Wilcoxon test revealed no
significant difference between the first and second
readings. Also, correlation of the two measurements

Table 1.

Overview of Data

Patient Gender Age* (years) Smoker

Exposed Implants Non-Exposed Implants

Tooth # Bone Loss (mm) Tooth # Bone Loss (mm)

1 Female 67 No 30 0.19 19 0.05

2 Male 52 No 30 0.51 3 0.23

3 Male 33 No 19 -0.15 31 0.00

4 Female 61 No 29 1.28 30 0.76

5 Male 51 Yes 14 0.15 19 0.00

6 Male 57 No 20 2.15 29 0.19

7 Male 42 No 3 0.05 14 0.05

8 Male 47 No 18 0.42 31 0.05

9 Male 82 No 23 0.16 26 0.85

10 Male 41 No 14 0.03 15 -0.03

11 Male 40 No 18 0.48 21 0.34

12 Male 64 No 19 0.00 18 0.00

13 Male 53 Yes 3 0.05 14 0.14

14 Female 56 No 3 0.42 12 0.14

15 Male 67 No 2 0.77 3 0.60

16 Female 40 No 8 0.00 30 0.08

17 Male 54 No 5 0.00 12 0.00

18 Male 50 No 19 0.52 30 0.09

18 0.33 3 0.00

19 Female 60 No 4 0.65 3 0.00

Mean 0.40 0.18

SD 0.53 0.26

Median 0.26 0.07

P value (Wilcoxon
signed-rank test)

0.02

* Age at the time of the first surgery.
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was significant (Pearson correlation coeffi-
cient = 0.99; P <0.01). The intraobserver
variability and correlation coefficient were
comparable to previous studies.19,20

Statistics
The null hypothesis was that there would be
no difference between the amounts of crestal
bone loss in the exposed versus the non-ex-
posed implants.

Mean values and ranges were calculated
for the two groups (exposed and non-exposed
implants in the same patient). The nor-
mality of the distribution was tested with the
Kolmogorov-Smirnov test. Data analysis for
marginal bone loss was performed by apply-
ing the Wilcoxon signed-rank test when the
distribution was normal. A P value of 0.05
was considered statistically significant.¶¶

RESULTS

The mean crestal bone loss of the exposed
implants was 0.40 – 0.53 mm (range: -0.15

to 2.15 mm). The mean crestal bone loss in the
non-exposed implants was 0.18 – 0.26 mm (range:
-0.03 to 0.85 mm).

The Kolmogorov-Smirnov test showed that the dis-
tribution was normal. There was a statistically signif-
icant difference in the crestal bone loss between the
exposed and non-exposed implants (Wilcoxon
signed-rank test; P = 0.02).

DISCUSSION

In the present study, there was a statistically signifi-
cant difference in the crestal bone loss between ex-
posed and non-exposed implants (P = 0.02), which
might be due mainly to plaque accumulation.

Adell et al.11 believed that isolation of a submerged
implant from the oral environment by primary closure
was an important factor for successful osseointegra-
tion. The investigators proposed that active surgical
measures be taken, with excision of the bordering gin-
giva and full flap coverage of the perforated site when
early exposure of the cover screw was observed.11

Barboza et al.21 stated that the space between the
cover screw and the overlying mucosa formed by
spontaneous early exposure is an ideal area for the ac-
cumulation of food debris and bacterial growth, and it
is very difficult for patients to perform adequate oral
hygiene procedures in these areas. Continuous plaque
formation during the postoperative period after cover
screw exposure may result in tissue destruction
around the implants.16,17 Tal et al.22 described the

Figure 1.
Clinical features of an exposed implant. A) Exposed cover screw. B) After treatment
of the exposure, a healing abutment connection was created.

Figure 2.
Schematic presentation of measurements. A = bone/implant contact
point at the first surgery. B = bone/implant contact point at
suprastructure insertion. d = crestal bone loss, i.e., the difference
between the marginal bone level at the first surgery and at
suprastructure insertion.

¶¶ SPSS for Windows, release 13.0, SPSS, Chicago, IL.
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pathologic structure of the perforated lesions as a
plaque-retentive site that could increase bone loss.
Toljanic et al.12 demonstrated a statistically significant
relationship between implant exposure through the
oral mucosa between the first and the second surger-
ies and an increased risk for crestal bone loss.

A two-part implant is commonly inserted using a
two-stage surgical procedure. Some studies com-
pared the radiographic bone loss between two-part
implants followed by a two-stage surgical protocol
and those followed by one-stage surgical protocol
and includingaplaque-control program.Abrahamsson
et al.9 concluded that radiographic bone loss was
0.4 mm for the submerged group and 0.3 mm for the
non-submerged group. Ericsson et al.23 and Collaert
and De Bruyn24 also reported that there were no statis-
tically significant differences between these treatment
modalities.

The difference in crestal bone loss between inten-
tionally non-submerged implants under a meticulous
plaque-control program and submerged implants
was not statistically significant.9,23,24 If the early expo-
sure can be detected immediately, and patients are in-
structed to perform oral hygiene procedures around
the exposed implants after the uncovering surgery, it
was assumed in the present study that there would
benodifference in the crestal bone lossbetween the ex-
posed and non-exposed implants. However, there was
a considerable period of time between exposure of the
cover screw and the uncovering surgery, which would

allow plaque accumulation, lead-
ing to statistically significant dif-
ferences in crestal bone loss
between the exposed and non-
exposed implants. It may be critical
to identify early exposure immedi-
ately.

Van Assche et al.25 compared
the early marginal bone level
changes between the two-stage ex-
posed and non-exposed groups.
They found that the bone loss in
the exposed group was signifi-
cantly greater (1.96 mm). The
mean bone loss was greater than
that of exposed implants in this
study (0.49 mm). The difference
maybedue to the treatmentmodal-
ity for the cover screw exposure;
there was no intervention after the
diagnosis of perforation in the
study by Van Assche et al.,25 unlike
in this study.

It is recommended to excise the
migrated epithelium of the perfo-
rated mucosa as soon as possible

and to connect the healing abutments after cover screw
removal for the treatment of spontaneous early expo-
sure because it allows for better hygiene and minimizes
the risk for infection.12,14,26,27 During healing of the
wound in the soft tissue, an attachment is formed be-
tween the mucosa and the healing abutment. After it
is properly matured, this attachment effectively rees-
tablishes the soft tissue barrier and separates the bony
tissue from the oral cavity.28,29 Our protocol was in ac-
cordance with this treatment modality.

A limitation of the present study is that it was unable
to identify the exact time of exposure, thus making it
impossible to factor the plaque-accumulation period
into the statistical analysis. It was difficult to detect
early exposure of the cover screw immediately be-
cause patients were commonly asymptomatic. The
exposure (plaque accumulation) period, the time left
untreated, should be determined to clarify the rela-
tionship between plaque accumulation and the occur-
rence of crestal bone loss.

Within the limits of a human study, there are ethical
considerations involved in creating early exposure of
the cover screw by factitious manipulation, and the in-
fluence of spontaneous early exposure of the cover
screw on crestal bone can only be studied radiograph-
ically or biometrically.14 A further investigation with
animals treated with intentionally exposed implants
may be required to evaluate the relationship between
the exposure period without any intervention and
early crestal bone loss.

Figure 3.
Periapical radiographs of a patient who had exposed and non-exposed implants. Non-exposed
implant at the first surgery (A) and at suprastructure insertion (B). Exposed implant at the
first surgery (C) and at suprastructure insertion (D).
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CONCLUSIONS

The aim of this study was to evaluate the influence of
spontaneous early exposure of the cover screw on
crestal bone loss around the implant.

The mean crestal bone loss of exposed implants
was 0.40 – 0.53 mm (range, -0.15 to 2.15 mm).
The mean crestal bone loss in non-exposed implants
was 0.18 – 0.26 mm (range, -0.03 to 0.85 mm).
There was a statistically significant difference in
the crestal bone loss between exposed and non-ex-
posed implants (Wilcoxon signed-rank test; P =
0.02).

Early exposure of the cover screw that results in
breakdown of the mucosal seal seems to accelerate
peri-implant crestal bone loss. Periodic follow-up after
the first surgery may be critical for minimizing the in-
fluence of early exposure.
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