Microgap

r/s border :
T Microgap

r

BIC

fBIC

r/s border

The International Journal of Periodontics & Restorative Dentistry

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



677

Changes in Crestal Bone Around
Endosseous Implants During Functional
Loading: A Radiographic Evaluation

in Edentulous Patients Comparing
Different Implant Designs

Nynke Tymstra, DDS, PhD*

Henny J.A. Meijer, DDS, PhD**

Gerry M. Raghoebar, MD, DDS, PhD***
Arjan Vissink, MD, DDS, PhD***

Marginal bone changes around titanium plasma-sprayed implants (n = 240)
placed in the mandibular interforaminal regions of 120 edentulous patients
were assessed over 5 years of follow-up, with emphasis on the influence

of the locations of the microgap and rough/smooth border. Marginal

bone changes were measured on standardized radiographs. Locations of
the microgap and the rough/smooth border were both shown not to be
major contributing factors in determining the marginal bone level around
implants. (Int J Periodontics Restorative Dent 2012;32;677-686.)
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Marginal peri-implant bone loss
is considered a factor in predict-
ing long-term success of an im-
plant regarding implant survival,
peri-implant health, and esthetic
outcome. The occurance and ex-
tent of this bone loss have been
thought to be related to implant
design, density of bone, surgical
trauma at implant insertion and
stage-two surgery, occlusal over-
load of the implant, apical migra-
tion of the crevicular epithelium
in an attempt to isolate bacterial-
induced infection or to establish a
biologic width, interruption of the
blood supply, and development of
a pathogenic bacterial biofilm."
The state of the implant sur-
face (smooth versus rough) and the
location of the rough/smooth bor-
der have been considered major
factors in determining the margin-
al bone level around implants.2
This has been studied in detail
during the initial healing phase
but infrequently during the subse-
quent period of functional loading
of the implant. It was concluded in
several animal and human studies
that the rough/smooth border of
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nonsubmerged single-piece im-
plants determined the level of the
first bone-to-implant contact dur-
ing the initial healing phase.>’
However, no long-term data were
available on the effects during
functional loading.

Several animal studies have
placed emphasis on the location
of the implant-abutment microgap
in relation to the marginal bone
level.”#7-% Hermann et al* observed
that the microgap, when located
at or below the alveolar crest, de-
termined the magnitude of crestal
bone resorption during the initial
healing phase. Other authors con-
firmed this observation.'81° |n
contrast, Todescan et al® did not
observe additional bone loss when
placing the microgap deeper in the
bone.

Most human studies concluded
that bone loss around implants was
most pronounced during the initial
healing phase, ie, during the first
6 to 12 months after implant place-
ment.2311.12 Moreover, in both hu-
man and animal studies, bone loss
was not related to remodeling dur-
ing the initial healing phase but
occurred later after implant place-
ment, and factors influencing this
bone loss have not been studied
with great detail. Therefore, the
aim of this radiographic study was
to assess crestal bone changes
around implants used to support
a mandibular overdenture during
5 years of functional loading. Spe-
cial attention was paid to the im-
pact of the locations of the rough/
smooth border and the microgap
at the crestal bone level.

Method and materials

Standardized  intraoral  radio-
graphs' taken of patients who
had been treated with implant-
supported mandibular overden-
tures at fixed intervals after implant
placement were used. Patients had
participated in previous prospec-
tive studies performed by the au-
thors’ group'*'> and were selected
based on the following inclusion
criteria: presence of a severely re-
sorbed mandible (Class V or VI
with reduced stability and insuf-
ficient retention of the mandibu-
lar denture), edentulous at least
2 years, no history of radiotherapy
to the head or neck region, and
no history of preprosthetic surgery
or previous oral implants. Patients
were informed of the different
treatment options, and written in-
formed consent was obtained from
all participants.

To assess the impact of the lo-
cations of the rough/smooth bor-
der and the microgap, implant
systems were chosen in which the
microgap and rough/smooth bor-
der lie on different levels in rela-
tion to the marginal bone level at
implant placement. The following
groups were formed (all patients of
the previous prospective studies'*
were included in the present study):
ITI group = 50 patients who re-
ceived two [Tl implants (single-
stage, 4.1-mm-diameter solid-screw
implants, titanium plasma-sprayed
[TPS] coating with a 3.8-mm
smooth machined titanium surface
at the coronal portion; Straumann),
IMZ (2.0) group = 40 patients who

The International Journal of Periodontics & Restorative Dentistry

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



679

Patient characteristics at baseline
ITl (n =50) IMZ (2.0) (n = 40) IMZ (1.3) (n=30)
Mean age in y (range) 55.2 (34-74) 58.1 (42-79) 53.6 (38-77)
Sex (male/female) 17/33 21/19 9/21
Mean edentulous period for mandible in y (SD) 20.4 (9.9) 25.7 (12.0) 20.8 (9.0)
Mean mandibular bone height in mm (SD) 16.0 (2.0) 16.6 (2.7) 15.6 (2.0)
Mean bone quality (score 1 to 4) 2.6 2.8 3.0

SD = standard deviation.

received two IMZ implants (two-

stage, 4-mm-diameter cylindric
implants, TPS coating with a 2-mm
smooth machined titanium surface
at the coronal portion; Friatec), and
IMZ (1.3) group = 30 patients who
received two IMZ implants (two-
stage, 4-mm-diameter cylindric im-
plants, TPS coating with a 1.3-mm
smooth machined titanium surface
at the coronal portion; Friatec).
Patient characteristics for each
group are listed in Table 1. Bone
height was measured using a lat-
radiograph
with correction for distortion. Bone

eral  cephalometric

Fig 1 Schematic drawing of the implants
in each experimental group at time of
implant placement in relation to the bone
crest. Pink = epithelium; gray = connective
tissue.

quality was determined according
to Lekholm and Zarb using a lateral
cephalometric radiograph.'”

Data collection for all patients
was performed at 6, 12, 18, 30, 42,
54, and 66 months after implant
placement. For the purposes of
this radiographic study, data col-
lection was initiated approximately
6 months after implant placement
(at the start of functional loading)
since it was not possible to take
standardized radiographs immedi-
ately after implant placement be-
cause an aiming device was used
connected to the bar.’?

Treatment procedures

All patients received an implant in
the right and left canine regions
of the mandible under local anes-
thesia. One maxillofacial surgeon
placed all implants according to
a standard surgical protocol.’*'
ITI implants were placed nonsub-
merged with the rough/smooth
border level with the bone crest,
and thus the top of the implant
was located 3.8 mm above the
crest (Fig 1). The IMZ implants were
placed in a way that the top of the
implant was aligned with the level
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of the bone crest, thereby plac-
ing the microgap level with the
bone crest. As a result, the rough/
smooth border was located 2.0 and
1.3 mm under the bone crest in the
IMZ (2.0) and IMZ (1.3) groups, re-
spectively (Fig 1).

Three months after implant
placement, stage-two surgery (thin-
ning of the mucosa and abutment
connection) was performed by the
same oral surgeon in patients who
had undergone submerged treat-
ment. In the IMZ groups, 4-mm
titanium connectors were used.
Two weeks later, fabrication of a
new maxillary denture and man-
dibular overdenture was initiated.

The prosthetic procedure began
3 months after implant placement
in the ITI group. A uniform pros-
thetic treatment procedure was
performed for all patients by two
experienced prosthodontists. A bar
with subsequent clip attachment
supported the overdentures. A bal-
anced occlusion and monoplane
articulation concept with porcelain
teeth was used for prosthesis fab-
rication. With regard to the ITI im-
plants, the bar was placed in such a
way that the microgap was located
at the top of the implant and not
at the lower end of the bevel, thus
resulting in a microgap 3.8 mm
above the alveolar crest (Fig 2).

Fig 2 Schematic drawing of the radio-
graphic evaluation with the following mea-
surements: distance (mi) from the microgap
of the implant to the first bone-to-implant
contact (fBIC) and distance (r/s) from the
rough/smooth border (/s border) to the
fBIC at ITI (left) and IMZ (right) implants.
Figure not drawn to scale.

Radiographic outcome measures

Intraoral standardized radiographs
were obtained using the long-cone
technique with an aiming device."®
The following measurements were
taken using a digital caliper (Digi-
tal Sl, Tesa) at each side of the
implant’®:  distance between the
top of the implant (microgap) and
the first bone-to-implant contact
and distance between the rough/
smooth border and the first bone-
to-implant contact (Fig 2).

All measurements were per-
formed twice by the same observer
within a 2-week interval and aver-
aged since it has been shown that
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the reproducibility is more consis-
tent when one experienced ob-
server performs the measurements
twice than when two observers per-
form the measurements once."?

Data analysis

The Kruskal-Wallis test was used to
evaluate possible significant differ-
ences between groups. A signifi-
cance level of .05 was chosen. As in
earlier implant literature, it was as-
sumed that two implants placed in
the same patient were statistically
independent.1419-21

Results

Table 2 shows the number of pa-
tients and implant sides that could
be assessed during the various
evaluation times. Reasons for not
attending a follow-up were main-
ly related to patient sickness or
because patients had moved or
passed away (n = 5). In addition, in
a small number of patients, it was
not possible to take a standardized
radiograph of one or both implants
because of anatomical restrictions
or other patient-related factors.

In total, three implants were
lost during the 5-year follow-up.
Two implants were lost during the
first 6 months (one IMZ [2.0] and
one IMZ [1.3]) and were success-
fully replaced. After 18 months, a
second IMZ (2.0) implant was lost.
Because the patient died shortly
after the implant was lost, the im-
plant could not be replaced.

Figures 3 and 4 depict the mean
distance between the top of the
implant and the location of the first
bone-to-implant contact and the
mean distance between the rough/
smooth border and the first bone-
to-implant contact, respectively, as
a function of the length of follow-
up. Figure 3 shows that at func-
tional loading, the mean marginal
bone levels of IMZ implants were
within 2 mm of the microgap. Sub-
sequently, bone loss progressed
to a mean level of approximately
2 mm below the microgap at the
66-month follow-up. Moreover, at
the start of functional loading, the
mean marginal bone levels of the
IMZ implants were at the height of
the smooth surface (Fig 4), coronal
to the rough/smooth border. In ad-
dition, over time, bone loss did not
stop when the rough/smooth bor-
der was reached.

Table 3 shows the percent-
age of implant sides with a mar-
ginal bone level at the height of
the smooth surface and within 1.0,
1.3, and 2.0 mm of the microgap.
At the time of loading, one-third
of the ITl implant sides had a mar-
ginal bone level at the height of
the smooth machined surface. Fur-
thermore, the marginal bone level
in the majority of IMZ (2.0) and IMZ
(1.3) implant sides was found to be
at the smooth machined surface
and within 2 mm of the microgap at
the start of functional loading.

Figure 5 shows the progress of
mean marginal bone loss from 6
(start of functional loading) to 66
months after implant placement.
The mean marginal bone loss
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I P No. of patients and proximal implant sides available for evaluation at 6, 12, 18, 30, 42,

6 mo 12 mo 18 mo
IMZ IMZ IMZ IMZ IMZ IMZ
ITI (2.0) (1.3) ITI (2.0) (1.3) ITI (2.0) (1.3)
No. of patients 49 38 30 48 36 30 48 38 30
No. of implant sides 190 152 120 186 144 116 186 148 120
No. of photographs absent 4 2 0 4 4 2 4 4 0
(left, right, both) (1,2,1) (0,0,2) (0,0,0) (1,2,1) (0,04 (1,1,0 (1,21 1,12 (0,00
6 - $im 64 ¢TI
) §tMZ 2.0 $IMZ (2.0
54 § ¢ $1MZ(1.3) 54 $1MZ (1.3)
A
L r/s border 41
- Tl -
€ €
E 31 £ 34
3 l 3
C C
T o l ------------ Ry | B2 }
SRR IE S WU SRR AR, S /s bord e
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Follow-up (mo) Follow-up (mo)

Fig 3 Mean distance between the marginal bone level and the
microgap for the ITl, IMZ (2.0), and IMZ (1.3) groups over 66 months
after implant placement (error bars show 95% confidence intervals
of the mean). Functional loading of the implants was initiated 6
months after placement.

Fig 4 Mean distance between the marginal bone level and the
rough/smooth border of the implants for the ITI, IMZ (2.0), and IMZ
(1.3) groups over 66 months after implant placement (error bars
show 95% confidence intervals of the mean). Functional loading of
the implants was initiated 6 months after placement.

around all implant systems con-
tinued gradually over the 5 years
of follow-up. No significant differ-
ences in bone loss were observed
between groups.

Discussion

This study revealed that the loca-
tions of the rough/smooth border
and the microgap do not have to

be considered as major factors in
bone
level after implant placement in
edentulous subjects during the first
5 years of functional loading.

determining the marginal

The International Journal of Periodontics & Restorative Dentistry

© 2012 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



683

54, and 66 months after implant placement

30 mo 42 mo 54 mo 66 mo
IMZ IMZ IMZ IMZ IMZ IMZ IMZ IMZ
ITI (2.0) (1.3) ITI (2.0) (1.3) ITI (2.0) (1.3) ITI (2.0) (1.3)
48 37 30 47 37 28 45 35 30 45 35 30
186 146 118 176 146 112 170 138 120 170 138 120
4 3 1 5 3 0 7 4 0 7 4 0
(1,2,1) (0,12 (0,10 (1,22 (1,2 (00 (1,24 (1,3 (000 (1,24 (01,3 (00,0

I Percentage of implant sides next to which the marginal bone level was at the height
of the smooth surface and within 2.0, 1.3, or 1.0 mm of the microgap between the
implant and abutment

Group Marginal bone level 6 mo* 12 mo 18 mo 30 mo 42 mo 54 mo 66 mo

Tl Smooth surface 33.2 29.6 26.3 18.8 21.6 4.1 8.2
< 2.0 mm below microgap NA NA NA NA NA NA NA
< 1.3 mm below microgap NA NA NA NA NA NA NA
< 1.0 mm below microgap NA NA NA NA NA NA NA

IMZ (2.0) Smooth surface 78.9 757 74.3 63.7 58.2 55.1 55.1
< 2.0 mm below microgap 78.9 75.7 74.3 63.7 58.2 55.1 55.1
< 1.3 mm below microgap 67.1 61.1 61.5 52.1 44.5 47.1 435
< 1.0 mm below microgap 55.9 51.4 51.4 39.7 37.0 36.2 35.5

IMZ (1.3) Smooth surface 70.0 66.4 55.0 50.0 47.3 41.7 30.8
< 2.0 mm below microgap 91.7 94.0 85.0 73.7 74.1 60.0 58.3
< 1.3 mm below microgap 70.0 66.4 55.0 50.0 47.3 41.7 30.8
< 1.0 mm below microgap 433 37.1 35.0 339 32.1 233 225

NA = not applicable.

*Functional loading of the implants was initiated 6 months after placement.

ITl implants were used to study
the impact of a rough/smooth bor-
der on the marginal bone level
because an ITI implant is a single-
piece implant without a microgap

in the vicinity of the marginal bone.
When placing these implants with
the rough/smooth border in align-
ment with the bone crest, one
would expect the marginal bone

level to be at or below the level of
the rough/smooth border 6 months
after implant placement. However,
in one-third of implants, the mar-
ginal bone level was still located
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above the rough/smooth border, ie,
at the height of the smooth surface.
This might be related to the surgical
technique applied. When inserting
the implants with the rough/smooth
border in alignment with the lower
buccal bone level, the approximal
sides of a certain number of [Tl
implants will be placed with the
smooth surface subcrestal. In partic-
ular, this positioning might occur in
mandibles with a small buccolingual
dimension. Even then, based on the
results of prior animal studies evalu-
ating bone remodeling during the
initial healing phase, the marginal
bone level was not expected to be
above the rough/smooth border at
the start of functional loading. Sev-
eral animal studies, including that
of Hermann et al,* showed that the
first bone-to-implant contact for
single-piece implants is determined
by the rough/smooth border, re-

sulting in a first bone-to-implant
contact at the height of the rough
surface. Hermann et al* indicated
that the rough/smooth border is an
important landmark for bone loss,
but their study design did not per-
mit prediction of bone loss after the
initial remodeling phase. Hdmmerle
et al® and Hartman and Cochran?
concluded that subcrestal position-
ing of the rough/smooth border
resulted in a significantly higher
marginal bone loss in the first year
after implant placement. However,
in this human study, the marginal
bone level was found well above
the rough/smooth border in ap-
proximately one-third of patients at
loading. In addition, bone loss con-
tinued after the marginal bone level
had reached the rough surface.
Thus, the authors propose that the
state of the surface (rough versus
smooth) has no major impact on the

Fig 5 Mean radiographic marginal bone loss for the ITI, IMZ (2.0),
IMZ (1.3) groups over a period of 6 to 66 months after implant
placement. Functional loading of the implants was initiated 6
months after placement.

marginal bone level in the eden-
tulous mandible during functional
loading.

In IMZ implants, both the
rough/smooth interface and the
microgap could affect marginal
bone changes. The implants were
placed with the smooth portion of
the implant neck subcrestal and the
microgap at the level of the bone
In contrast to other stud-
ies reported in the literature,3* the

marginal bone level was not at the

crest.

rough/smooth border after initial
bone remodeling at implant load-
ing but still in the area between the
microgap and the rough/smooth
border, thus at the smooth surface.
In addition, there were no signifi-
cant differences measured for bone
loss between the two IMZ groups.
Moreover, the mean bone loss con-
tinued after crossing the rough/
smooth border in both IMZ groups.
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indicate that
the location of the rough/smooth

These observations

border is not a major factor in de-
termining the extent of peri-implant
bone loss in humans during func-
tional loading.

In previous animal studies, it was
concluded that the microgap de-
termines the first bone-to-implant
contact in two-piece implants.’#8
A contaminated microgap would
be isolated by apical migration of
the epithelium beyond the micro-
gap and its bacteria. Migration of
the epithelium and its subsequent
response to re-establish the di-
mension of the biologic width has
been proposed to be responsible
for the approximate 2 mm that was
present apical to the microgap in
those experiments after initial bone
remodeling.#? The results of the
IMZ implants demonstrated that a
marginal bone level within 2 mm or
even within 1 mm of the microgap
is not an exception 6 months after
placement at the start of functional
loading. Moreover, in spite of the
different locations of the microgap
after implant placement for the vari-
ous implant designs studied, there
were no significant differences in
mean bone loss between the IMZ
and ITI groups, other than a larger
variation in bone levels around IMZ
implants than around ITI implants.
This observation might indicate that
marginal bone changes around IMZ
implants are less predictable and
more prone to patient factors. In
addition, these results seem to in-
dicate that the location of the mi-
crogap has no major impact on the
marginal bone level in humans.

An important observation was
that neither implant group (ITI,
IMZ) reached a steady bone state,
which would be expected from
modern implant designs. The peri-
implant bone loss in the three im-
plant groups was more extended
in comparison with the studies of
Hammerle et al® and others?324
who evaluated implant-supported
overdentures. However, the bone
loss was still acceptable since it was
within the limits of a yearly bone loss
of 0.2 mm, described by Albrekts-
son et al.?> The authors are not sure
as to how to explain this continu-
ing bone loss. A possible expla-
nation might be that TPS-coated
implants were used. Implants with
TPS coatings seem to show more
marginal bone loss than, for exam-
ple, a sandblasted and acid-etched
implant surface.?*?” On the other
hand, Hammerle et al® and Hart-
man and Cochran® also evaluated
TPS-coated implants. However, in-
stead of edentulous patients like
those included in this study, only
partially edentulous patients were
included in their studies. Moreover,
because the study was performed
on severely resorbed edentulous
mandibles, the observations do
not have to reflect the peri-implant
bone changes that might be ob-
served in implants placed in par-
tially edentulous patients. Another
precaution that has to be consid-
ered when comparing the results
of this human study with that of
animal studies is that the observa-
tions were based on radiographic
findings, while in animal studies,
histologic data were also avail-

able. Hermann et al?® showed that
reliable standardized radiography
reflected peri-implant crestal bone
levels similar to those determined
by histometric analysis.

Conclusions

The locations of the rough/smooth
border and the microgap do not
have to be considered as major
factors in determining the marginal
bone level around implants in the
severely resorbed human man-
dible during functional loading of
TPS-coated implants. In addition,
marginal bone loss continued to
progress gradually over time. An
important observation was that the
intermediate (5-year) effects of the
implant designs studied on mar-
ginal bone loss in humans were not
in accordance with the bone loss
around implants expected from the
results of previous animal studies.
Moreover, this study showed that
there still are a lot of uncertainties
regarding the behavior of marginal
bone around implants in humans
since most current implant de-
signs are based on results of animal
studies. Further clinical research is
needed to verify these results over
longer time periods.
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