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Spontaneous Early Exposure of Submerged
Endosseous Implants Resulting in Crestal 
Bone Loss: A Clinical Evaluation Between 

Stage I and Stage II Surgery
Haim Tal, DMD, PhD1/Zvi Artzi, DMD2/Ofer Moses, DMD3/

Carlos E. Nemcovsky, DMD2/Avital Kozlovsky, DMD4

Spontaneous early exposure of submerged implants during the osseointegration healing phase may
be a harmful factor that results in early crestal bone loss around the implants. The objective of this
study was to assess the effect of spontaneous early exposure on crestal bone loss around submerged
implants, with special attention given to the relationship between the degree of exposure and the
amount of peri-implant bone loss. Crestal bone level relative to the shoulder of the implant was mea-
sured at the time of placement and at the time of exposure 4 to 5 months later. During the period
between stage I and stage II surgery, implant sites were observed, and each implant site in which
spontaneous early exposure was detected was recorded. Perforations were classified according to the
degree of implant exposure from Class 0 (no perforation) to Class IV (complete exposure). Measure-
ments from 206 implants in 64 patients produced 85 groups valid for statistical comparison; each of
these contained at least 2 lesions of different types. There was a statistically significant difference
between bone loss associated with intact mucosa (Class 0) and Class I, Class II, and Class III lesions,
and between Class I and II lesions. There were no significant differences between Class I and III and
between Class II and III. In Class II and III lesions, there was more bone loss associated with the buccal
aspect of the implants. Of the 115 perforated sites, 10 were associated with bone loss exceeding 2
mm, 2 presented 3 to 4 mm bone loss, 1 showed more than 4 mm, and 1 displayed more than 5 mm.
In view of the clinical implications that spontaneous early exposure may have on the success of
osseointegration, prematurely partially exposed implants should be exposed as soon as possible after
the perforation is observed. (INT J ORAL MAXILLOFAC IMPLANTS 2001;16:514–521)

Key words: bone loss, dental implants, early implant exposure, gingival perforation

Astructural and functional connection develops
at the implant-bone interface after successful

placement of endosseous dental implants. This bio-
dynamic process, referred to as osseointegration, pro-
vides the final anchorage of the implant in the
bone.1 During the osseointegration healing phase of
submerged implants, complete mucosal coverage
and isolation of the implant from the oral cavity
avoids trauma and infection and establishes favor-
able conditions for osseointegration.1,2

Although there is general agreement of high
rates of successful implant integration to bone,
crestal bone loss during the submerged stage may
occur that is clinically evident at the time of implant
exposure. Early bone loss may occur because of sur-
gical complications, improper fit, micromovements
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of the implant, reduced bone quality, and harmful
habits of the patients, especially smoking.3,4

Spontaneous early exposure may be an additional
harmful factor resulting in early crestal bone loss
around submerged implants. Adell and associates5

suggested that any communication with the oral cav-
ity seen during the first 6 weeks postoperatively
should be treated by excision of the perforated site,
flap mobilization, re-suturing, and appropriate
adjustment of the denture. Block and Kent,6 who
investigated factors that compromise endosseous
implant healing, found that spontaneous early expo-
sure appeared to be associated with an increased inci-
dence of crestal bone loss. In a recent biometric study
of 275 implants, patients with 1 or more exposed sites
demonstrated a probability of bone loss that was 3.9
times greater than in patients with nonexposed sites.7

Spontaneous early perforations have been classi-
fied according to the degree of implant exposure,
from Class 0 (no perforation) to Class IV (complete
exposure).8 Intact and perforated oral mucosa cov-
ering dental implants has also been studied histo-
logically.9,10 It is logical to suggest that in Class 0
and I, in which there is no direct communication
between the implant and the oral environment, less
peri-implant bone loss will occur between stage I
and stage II surgery, compared with implants pre-
senting Class II, III, or IV exposures. Additionally,
Class IV lesions, in which the implant is completely
exposed, will result in less peri-implant bone loss
compared to Class II and III lesions.

The purpose of this study was to assess the effect
of spontaneous early exposure on early crestal bone
loss around submerged endosseous implants, focus-
ing on the relationship between the degree of expo-
sure and the amount of peri-implant bone loss.

MATERIALS AND  METHODS

Patients who participated in this study were treated
in the Department of Periodontology, Tel Aviv Uni-
versity School of Dental Medicine, as well as in 5 dif-
ferent clinics, which adopted the following protocol.

Presurgical Inclusion/Exclusion Criteria
1. Patients were generally healthy, not on regular

medication, and did not take any medication 2
months prior to implant placement.

2. Patients were nonsmokers.
3. Extractions were not performed at the implant

sites at least 1 year prior to implant placement.
4. Patients wearing conventional removable den-

tures presented no signs of trauma to the mucosa
immediately prior to participation in the study.

Surgical Procedures
A conservative 2-stage surgical procedure was
adopted.8 Threaded implants, 3.8 mm in diameter
(Steri-Oss, Nobel Biocare, Yorba Linda, CA), were
placed with the implant shoulder level with the sur-
rounding bony crest. When there were crestal irreg-
ularities, bone was leveled to the implant shoulder
using hand chisels.

After implant placement, the crestal bone level
relative to the shoulder of each implant was mea-
sured to the nearest 0.5 mm using a hand periodon-
tal probe marked from 1 to 10 mm. Measurements
were taken at the midbuccal (B), midlingual/palatal
(L), midmesial (M), and middistal (D) aspects of
each implant and recorded. Implants were sealed
with appropriate flat cover screws.

Flap incisions were closed in an attempt to
achieve complete closure, applying simple inter-
rupted and/or simple mattress lock sutures, using 3-
0 silk suture material. Flaps were released before
wound closure to avoid tension where necessary.

Postoperative Care
Temporary fixed and removable restorations, as well
as a 2-week special soft diet, were designed to elimi-
nate or reduce trauma to the surgical sites. Patients
were instructed to rinse their mouth with 0.2%
chlorhexidine solution 3 times daily for 1 minute
during the first 2 weeks after surgery. Sutures were
removed 10 to 14 days after implant placement.

Follow-up Procedures
Patients were followed weekly for the first 2 months
postsurgery. After 3 weeks, the implant sites were
gently cleaned and examined by air steam and gentle
probing with a thick, blunt periodontal probe. Each
implant site at which exposure was observed was
recorded. When exposure was detected or observed,
the patient was instructed to clean the exposed site
by gently rubbing the mucosa with gauze soaked in
0.2% chlorhexidine solution twice daily. At 6 to 8
weeks postsurgery, the mucosa covering implants
was clinically classified according to Tal8:

Class 0: Mucosal covering over the implant is intact.
Class I: A breach in the mucosa covering the

implant is observed. Oral implant com-
munication can be detected with a perio-
dontal probe, but the implant surface can-
not be seen (Figs 1a and 1b).

Class II: Mucosa above the cover screw is fenes-
trated, and the cover screw is visible. The
borders of the perforation aperture do
not reach or overlap the borders of the
cover screw at any point (Fig 2).
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Class III: Cover screw is visible. In some parts, the
borders of the perforation aperture over-
lap the borders of the cover screw (Fig 3).

Class IV: Cover screw is completely exposed (Fig 3).

Before stage II surgery, 4 to 5 months after
implant placement, the classifications were recon-
firmed. At this stage, only patients who had 2 or
more implants with different classifications (Class 0
to IV) were approved for inclusion in the study. Of

the 462 patients, 67 met this criterion. Of these, 3
patients in whom lesions had changed and thus
scored a different classification were omitted from
the study. In the remaining 64 patients, all implants
were exposed. For the purpose of implant exposure,
the mucosa was incised and reflected as previously
described.9,10 Remnants of soft tissue were removed
from the bony crest surrounding the implants, and
measurements of the crestal bone level relative to
the implant shoulders were repeated in a manner

Fig 1a Class I perforations 3 weeks postsurgery. Fig 1b Oral cavity–implant communication was detected by
probing, but the implant surface is not visible (original magnifica-
tion �2).

Fig 2 Class II perforation that was ini-
tially misidentified as Class I; however, the
implant surface was visible during air
blowing (original magnification �2).

Fig 3 Three implants showing different
conditions: *Class 0 (intact mucosa);
**Class III exposure: the borders of the
perforation aperture partly overlap the
buccal aspect of the cover screw border;
***Class IV exposure: the cover screw is
completely exposed.
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*
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similar to that performed at the time of implant
placement. Data were collected for all implants and
tabulated on a patient-by-patient basis.

Since the sampling unit was the patient, mea-
surements associated with all implants involved
with the same type of lesion (Class 0, I, II, III, IV)
were averaged in each patient. Also, measurements
were grouped in each lesion according to surfaces
(B, L, M, D).

Because of the selection criteria, statistical analy-
sis was carried out between different lesions in
patients who presented at least 2 different lesions.
Although outcome data were available for 206
implants, demographic data were summarized for
64 patients. The difference in mean bone loss
according to lesions was examined using the paired t
test. For each lesion type, analysis of variance with
repeated measures was used to test the difference of
mean bone loss according to surfaces (B, L, M, D).
To further assess the clinical implications of bone
loss associated with individual implants, the fre-
quencies of the most severe bone loss measured on
individual implants were calculated.

RESULTS

Data were available from 64 patients in whom 206
implants were placed. The mucosa covering 91
implants remained intact (Class 0), 35 sites were
classified as Class I, 52 as Class II, 23 as Class III,
and only 5 as Class IV. Table 1 presents the mean
bone loss around implants according to the degree
of perforation. When all implants were combined,
mean bone loss was less than 0.5 mm. Bone loss
under intact mucosa averaged 0.12 mm; it increased
to 0.40 mm, 0.86 mm, 0.78 mm, and 0.38 mm under
Class I, II, III, and IV perforations, respectively.

Only 85 groups were valid for statistical compar-
ison of bone loss between lesions. Each of these
contained 2 lesions of different types (Table 2).
There was a statistically significant difference
between bone loss associated with intact mucosa
and Class I (P < .05), Class II (P < .001), and Class
III lesions (P < .001), and also between Class I and
Class II lesions (P < .01). There was no statistically
significant difference between Class I and Class III
lesions and between Class II and Class III lesions.

Table 1 Mean Bone Loss (in mm) Around Implants According to
Degree of Perforation

Type of lesion

0 (n = 91) I (n = 35) II (n = 52) III (n = 23) IV (n = 5) Total (n = 206)

Mean I 0.062 0.032 0.059 –0.043 0.00 –0.02
Mean II –0.061 –0.371 –0.797 –0.819 –0.375 –0.48
Amount of change 0.123 0.403 0.856 0.776 0.375 0.46

Mean I = Mean bone level at Stage I surgery; Mean II = mean bone level at Stage II surgery.

Table 2 Statistical Comparison of Mean Bone Loss (in mm) Between
Different Lesions

0 vs. I 0 vs. II 0 vs. III I vs. II I vs. III II vs. III
(n = 19) (n = 28) (n = 9) (n = 18) (n = 4) (n = 7)

Bone loss 1 0.0691 0.1004 0.1065 0.4097 1.1250 0.7433
Bone loss 2 0.3092 0.8763 1.1250 1.0278 1.3438 0.2864
Difference –0.2401 –0.7759 –1.0185 –1.6181 –0.2185 0.4569
SD 0.484 0.377 0.003 0.621 0.780 0.548
P .044 .000 .002 .001 .614 .069

Bone loss 1 = bone loss associated with the first lesion; Bone loss 2  = bone loss associated with the sec-
ond lesion; Difference = difference in bone loss between the first and second lesion.
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Too few Class IV lesions were available for statisti-
cal analysis.

Comparison of bone loss according to the differ-
ent surfaces (B, L, M, D) using analysis of variance
with repeated measures (Table 3) has shown that in
Class 0 sites and Class I lesions, there was no 
statistically significant difference between bone loss
associated with different surfaces. In Class II and
Class III lesions, there was more mean bone loss
associated with the buccal aspects compared with
other surfaces, and the difference was statistically
significant (P < .01). There were insufficient lesions
in the Class IV group for statistical analysis.

Since averaging the measurements of all implants
under each classification in each patient may mask
the clinical impact of bone loss associated with indi-
vidual implants on the success/failure of osseointe-
gration (Figs 4a and 4b), bone loss associated with
individual implants and with individual surfaces was
also examined and analyzed. Table 4 presents the
frequencies of mean bone loss according to lesion
types in all 206 implants. The frequency of the
more severe average bone loss increased from Class
0 to Class I and from Class I to Class II and III.
However, only a few implants were affected by an
average bone loss greater than 2 mm (1 in Class II
and 3 in Class III lesions).

Further investigation of individual surfaces and
recording only the surface associated with the most
severe bone loss in each implant showed that 10 of
206 implants (4.8%) were associated with bone loss
of 2 mm or more. Since all belonged to Class I, II,
and III groups, 10 of 115 sites (8.7%) with perfo-

rated mucosa were associated with bone loss of 2
mm or more, 2 implants presented with 3 to 4 mm
of bone loss, 1 implant showed more than 4 mm of
loss, and 1 displayed more than 5 mm of bone loss.
Bone loss of more than 4 mm was from the Class II
group.

DISCUSSION

This study demonstrates a statistically significant
difference between bone loss associated with
implants covered by intact mucosa and that associ-
ated with implants that presented spontaneous early
exposures between the time of implant placement
and the time of implant exposure 4 to 5 months
later. To understand the clinical significance of this
premature bone loss, it is important to compare it
with the final bone level that is established around
functionally loaded implants following exposure.

Submerged dental implants integrate with the
surrounding bone during the time between place-
ment (stage I surgery) and the time of intentional
exposure (stage II surgery). During this period, the
level of crestal bone associated with the implant is
expected to remain unchanged.11 It has been
reported that following exposure and abutment
connection, healing results in bone resorption and
soft tissue recession. The dimensions of the
mucosal/implant attachment studied in the dog
comprised junctional epithelium (approximately 2
mm high) and a connective tissue zone (measuring
approximately 1 mm or more).11 This attachment

Table 3 Mean Bone Levels (in mm) at Stage I and Stage II Surgery According to
Different Surfaces

Type of lesion and stage of surgery

Class 0 (n = 91) Class I (n = 35) Class II (n = 52) Class III (n = 23) Class IV (n = 5)

Site I II I II I II I II I II

Buccal –0.023 –0.135 –0.024 –0.364 0.005 –1.110 –0.348 –1.446 0.000 –0.500
Mesial 0.203 0.061 0.164 –0.278 0.143 –0.641 0.337 –0.681 0.000 –0.400
Lingual 0.040 –0.100 –0.0429 –0.386 0.095 –0.665 –0.163 –0.909 0.000 –0.300
Distal 0.050 –0.08 0.079 –0.436 0.321 –0.867 0.098 –0.583 0.200 –0.200
P (I vs II) .003 .0002 .0001 .0001 —*
P (BMLD) .795 .233 .003 .0009 —*

*No statistical analysis performed.
I = Mean bone level at Stage I surgery; II = mean bone level at Stage II surgery.
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may protect the zone of osseointegration from fac-
tors released from plaque and from the oral cavity,
similar to the dentogingival junction, referred to as
the “biologic width” associated with healthy natural
teeth.12 Depending on the thickness of mucosa,
bone loss, which is associated with establishment of
the peri-implant mucosa following exposure,
reaches an average of 1.3 mm.13

The development of a peri-implant soft tissue
zone, analogous to the biologic width associated
with natural teeth, has been further investigated and
verified.14–18 According to these studies, it develops
around implants of all shapes following exposure
(stage II) surgery, as well as around nonsubmerged,
1-stage implants. This phenomenon is unrelated to
function and occurs whether the implant is loaded
or not.

When all 91 Class 0 implants were combined,
the mean change in bone level was 0.12 mm; 62
(68.1%) presented no change or slight bone growth,
27 displayed (29.7%) less than 1 mm of bone loss,
and only 2 (2.2%) showed 1 to 1.99 mm of bone

loss (Table 4). This observation was further con-
firmed by examining bone loss associated with indi-
vidual surfaces. Only 6 (6.6%) surfaces associated
with implants covered by intact mucosa showed 1 to
1.99 mm of loss, and none exceeded 2 mm. There-
fore, it appears that submerged implants covered by
intact mucosa do not show bone loss exceeding the
final dimensions of the expected soft tissue biologic
width.

More crestal bone loss was associated with Class
I lesions. The average bone loss around 35 Class I
implants was 0.4 mm; the difference between Class
0 and Class I implants in 19 patients with both
types of sites was statistically significant. Although
mean bone loss increased in Class II and Class III
lesions (0.86 mm and 0.78 mm, respectively), the
difference was statistically significant between Class
0 and Class I, II, and III, and also between Class I
and Class II, but not between Class I and Class III
or between Class II and Class III. These observa-
tions may be explained by the histologic and mor-
phologic differences between the different mucosal

Fig 4a (Left) Favorable peri-implant
bone loss. A mean bone loss of 1.75 mm
is composed of 1, 2, 2, and 2 mm bone
loss at the dif ferent aspects of the
implant (buccal, lingual, mesial, distal).

Fig 4b (Right) Unfavorable peri-implant
bone loss. A mean bone loss of 1.75 mm
is composed of 0, 0, 5, and 2 mm bone
loss relating to the different aspects of the
implant (buccal, lingual, mesial, distal).

Table 4 Distribution of Frequencies of Mean Bone Loss Measurements According
to Types of Lesions

Bone loss Class 0 (n = 91) Class I (n = 35) Class II (n = 52) Class III (n = 23) Class IV (n = 5)
(mm) (n and %) (n and %) (n and %) (n and %) (n and %)

≥ 0 62 (68.1%) 19 (54.3%) 7 (13.5%) 6 (25.0%) 3 (60.0%)
0–0.99 27 (29.7%) 7 (20.0%) 16 (30.8%) 7 (30.0%) 1 (20.0%)
1–1.99 2 (2.2%) 9 (25.7%) 28 (53.8%) 7 (30.0%) 1 (20.0%)
2–2.99 0 (0%) 0 (0%) 1 (1.9%) 2 (10.0%) 0 (0%)
3–3.99 0 (0%) 0 (0%) 0 (0%) 1 (5.0%) 0 (0%)
≥ 4 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

(%) = Percentage of implants associated with maximal bone loss measurement.
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lesions. Recently it has been shown that Class I
lesions, ie, those with minimal mucosal perforations
but no visible communication to the implant sur-
face, present chronic inflammatory infiltrate sur-
rounding a cyst-like structure, with a thin layer of
connective tissue forming the “cystic” wall proximal
to the implant cover screw.10 In the present study,
most Class I specimens showed the epithelial
invagination and inflammatory infiltrate to be lim-
ited to the area above the implant cover screw. In
contrast, in Class II and Class III specimens, in
which there was direct contact between the implant
and the oral cavity, the epithelial invagination and
inflammatory infiltrate spread beyond the borders
of the implant shoulder. Therefore, an adverse
effect of the lesion on the surrounding crestal bone
could be expected. The pathologic structure of the
perforated lesions could also act as a plaque-reten-
tive site, thereby increasing bone loss. Plaque accu-
mulation around implants generally results in peri-
implant mucositis. It has been shown that de novo
plaque formation results in the establishment of
inflammatory cell infiltrates in dogs19,20 as well as in
human volunteers.21 In the dog model after 3
months, experimentally induced inflammation
expanded and progressed apically.20

The observation that more bone loss was associ-
ated with the buccal aspects compared to the other
surfaces (P < .01; Table 3) is noteworthy. While per-
forations (Class II and Class III) contributed to
early bone loss in all aspects, there were also addi-
tional factors. A major factor contributing to early
bone loss or gain is facial bone thickness. A signifi-
cantly greater amount of facial bone loss has been
measured between stage I and II surgery when the
facial bone thickness was less than 1.8 mm.22 There-
fore, bone volume and implant position are signifi-
cant contributing factors to bone loss during the
early stage of healing after implant placement.
Interimplant distance also influences the height of
interimplant bone crest. Increased crestal bone loss
has been associated with less than 3 mm distance
between implants once the implant is exposed.23

Bone quality, an additional factor that was not
examined in the present study, could also contribute
to early bone loss.

In view of the clinical implications that sponta-
neous premature fenestrations may have on the suc-
cess of osseointegration, and based on available data
that crestal bone resorption up to 2 mm is expected
and considered “normal” following abutment con-
nection, it was decided to focus on the frequency of
implants presenting with bone loss of 2 mm or
more. Only 4 implants (1 from a Class II site and 3
from Class III sites) showed mean bone loss exceed-

ing 2 mm. However, when only the most severe
measurement related to each implant was consid-
ered, 10 of 111 implants (8.7%) presented bone loss
of 2 mm or more on at least one of their surfaces; 2
of these showed 3 to 3.99 mm of bone loss, 1
showed 4 to 4.99 mm of loss, and 1 showed more
than 5 mm of loss. The more severe cases were in
the Class II group of lesions, followed by Class I
and Class III. Implants that were covered by intact
mucosa and implants that were completely exposed
(Class IV) did not present bone loss exceeding 1.99
mm on any of their surfaces. This last observation is
in agreement with recent reports suggesting that
unloaded nonsubmerged implants present no signif-
icant difference from submerged implants with
respect to osseointegration.17,18

CONCLUSION

Within the limitations of this study, it is suggested
that to avoid peri-implant bone loss associated with
2-stage surgical procedures, premature partially
exposed implants should be completely exposed as
soon as possible after the perforation is observed.
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