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A Technique for Standardized Evaluation
of Soft and Hard Peri-Implant Tissues
in Partially Edentulous Patients

Leo Meijndert,*T Henny J.A. Meijer, ** Gerry M. Raghoebar,* and Arjan Vissink*

Background: There is a growing need to evaluate the esthet-
ics of implant-supported crowns and bridges. An important tool
for such an evaluation is standardized assessment of the soft and
hard peri-implant tissue levels.

Methods: A simple acrylic device has been developed for
reliable and reproducible assessment of soft and hard peri-
implant tissues using standardized color slides and standard-
ized dental x-rays. With this device, changes in both the soft
and hard tissues around implant-supported crowns can be eval-
uated as a function of time. The reproducibility of the technique
was tested on color slides as well as on dental x-rays in a series
of implant-supported crowns and their neighboring teeth.

Results: The reproducibility of this technique was excellent.
The measuring errors for repeated measurements of the soft
and hard tissues were 0.14 £+ 0.02 mm and 0.13 + 0.01 mm,
respectively.

Conclusions: The device is a reliable tool to assess changes
in both soft and hard tissues around crowns and implants over
time. Likewise, it is suggested that this technique also can be
used to objectively assess soft and hard tissue changes around
natural teeth with or without prosthetic restorations. J Periodontol
2004;75:646-651.
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ince it is possible to insert dental
Simplants with high levels of survival,
the focus of attention is moving
towards esthetic results. The condition of
the soft and hard tissues around dental
implants plays a major role in assessing
esthetics. To objectively evaluate changes
in soft and hard tissue conditions, the
marginal gingiva level (MGL) and the
marginal bone level (MBL) might play an
important role. Comparison of these para-
meters within a study or between various
studies gains reliability when standardized
methods of measurement are used. Unfor-
tunately, no reliable tool to assess the soft
tissue parameters is available; neither is
a tool for objective comparison of changes
in the hard and soft tissue parameters that
might occur over time. Among other
problems to be solved is that of minimiz-
ing the distortion and the magnification
factor between images, as this makes
comparison between two or more images
of the surrounding tissues of the same
implant less reliable. These latter condi-
tions have a significant impact on the
MGL and MBL results for the marginal
bone height around dental implants.!
MGL is usually assessed by clinical
measurements of the actual site,? but also
could be assessed by taking a photo-
graph (color slide) on which similar and
additional measurements can be per-
formed. When using photography for the
purpose of assessing time-related changes
in MQL, it is important to take the color
slides in a standardized way. The angu-
lation of the film to the object might vary
between the various moments of taking
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a photograph, as might the magnification due to a
change in film-object distance. Intraoral dental radi-
ographs are usually taken to assess MBL around den-
tal implants. This has been proven to be a reliable
assessment when the radiographs are taken in a stand-
ardized way. However, there is no technique available
allowing for objective comparison of MGL and MBL as
a function of time. Therefore, the aim of this study was
to develop a simple and effective method for the repro-
ducible assessment of both the MGL and MBL as a
function of time as well as to assess its reproducibility.
The basis of the developed method is a custom made
acrylic “imaging guide,” which minimizes variation in
angulation of object to film in color slide photography
and dental radiography and which eliminates variations
in object to film distance.

MATERIALS AND METHODS

Construction of the Imaging Guide

A cast model of the dentition is used to construct a
custom made acrylic splint to the occlusal surface. At
the site where the implant is to be located a small gap
is left in the splint. For greater stability, the device is
extended from the occlusal surface to just over the
buccal cusps (2 mm) and to the palatal side of the
teeth (5 mm). The incisal edges of the implant-sup-
ported crown and its neighboring teeth are not enclosed
so as to provide a stable reference point for the assess-
ment of the MGL on the color slides. With one or two
interdental retaining eyelets on each side, the acrylic
plate is secured to the dentition (Fig. 1). To the left or
right side of the implant a short metal bar (2 cm) is
fixed to the acrylic splint, perpendicular to the long axis
of the implant and pointing to the labial side. This bar

acts as a direction indicator for the long axis of the cam-
era lens and as a direction indicator for the x-ray beam.

A prefabricated, acrylic small film holder (to fit film
size 1) is connected on the palatal side to the splint
(Fig. 2). In order to use the long-cone parallel imaging
technique, the film holder is positioned to the acrylic
splint in such a way that the x-ray film is as parallel
to the implant location as possible (Fig. 2).

Imaging Technique

After positioning the acrylic imaging guide in the
mouth, a removable extension bar is attached to the
metal bar (direction indicator) in the acrylic plate to
facilitate paralleling the long axis of the camera lens
and the x-ray tube to this direction indicator. To posi-
tion the implant-supported crown with its surrounding

Figure I.
Bottom-up view of the imaging guide for the upper jaw (future
implant-supported crown on tooth #22).

Figure 2.

Intraoral dental x-ray film parallel to the long-axis of the scheduled
implant position and of the surrounding teeth in the laboratory (A)
and in a clinical situation (B).
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tissues in the center of the image, it might be necessary
to bend the removable extension bar to provide enough
space for the camera lens or x-ray tube (Fig. 3).

To facilitate pointing the long axis of the camera
lens parallel to the extension bar on the acrylic imag-
ing guide in the patient’s mouth, another straight bar
is fixed to the camera itself, parallel to the long axis
of the lens (Fig. 3). A custom made snap-on ring for
the camera lens provides an anchor for the camera’s
extension bar (Fig. 4). A standard magnification is
used (1:1), making sure that all the relevant hard and
soft tissues are captured in the photographic image
(Fig. 5).

Using the long cone on the x-ray machine, the cone
is paralleled to a straight extension bar while the tip

Figure 3.
The extension bar on the acrylic plate is clearly seen, as is the bar
on the camera lens.

Figure 5.

All relevant hard and soft tissues are captured in the photographic
image. The horizontal measuring point (A-A') and the three vertical
measuring points (B-B!, C-C', D-D') are shown.
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of the cone is moved forward until it almost touches
the patient (Fig. 6). The marginal peri-implant bone
level is in the center of the x-ray beam. The dental
radiograph is then taken with a standard kV/mA and
exposure time (Fig. 7).

Assessment of the Method’s Reliability
The reproducibility of the technique and the imaging
device was tested for measurements on the color
slides in a group of five patients. A series of five color
slide pictures of a portion of each patient’s dentition
was taken at various times, using a camera with a ring
flash. The imaging device is removed and replaced
between the shots.

The reproducibility of intraoral radiographs was

Figure 4.
The custom made snap-on ring for the extension bar on the camera
lens.The ring is placed over the lens.

Figure 6.
The x-ray tube perpendicular to the intraoral dental film and parallel to
the extension bar of the imaging guide.
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Figure 7.
Intraoral x-ray taken with the imaging device. The horizontal (A-A') and
both vertical measuring points (B-B!, C-C') are shown.

Table I.

Measuring Errors (mm, mean + SD) as Calculated for Each

Series of Slides and Dental Radiographs

of the slide). One measuring point was used to assess
the horizontal reproducibility (width of the crown of
the incisor in the center or the width of the diastema
in the center of the image). In the dental radiographs
two measuring points were used to assess the vertical
reproducibility (mesial and distal MBL of the incisor
in the center of the dental radiograph; MBL was mea-
sured from the proximal cemento-enamel junction to
the bone). One measuring point was used to assess the
horizontal reproducibility (width of the incisor/cuspid
in the center of the radiograph at the level of the
cemento-enamel junction).

RESULTS

The measuring error of each series of five measure-
ments is shown in Table 1. The measuring error for
repeated measurements on color slides was 0.14 *
0.02 mm. This was mainly caused by the intra-
examiner inconsistency, which amounted to 0.11. Con-
sequently, the measuring error is largely due to the
intraexaminer inconsistency, making the repositioning
error to an insignificant contributing error. The mea-
suring error for repeated measurements on the dental
intraoral x-rays was 0.13 £ 0.01 mm. Again, the intra-
examiner inconsistency (0.10) is primarily responsible
and the contribution of the repositioning error is neg-
ligible. It is noted that the measuring error for the color
slides (0.14 + 0.02 mm) is comparable to that for the
intraoral dental x-rays (0.13 + 0.01 mm).

DISCUSSION

Assessment of the marginal soft
and hard tissue levels around
dental implants and their pros-

thetic restorations is necessary
to evaluate short- and long-term

5 Overall esthetic success of dental im-

Patient
| 2 3 4
Color slides 0.14+£005 020£0.10 0.14+006 008+005 0.12+004 0.14+002
Dental 0.13£005 0.12+£004 0.14+006 —
radiographs

plants. Standardized color slide
photography and dental radio-
graphy are good clinical tools for
this purpose. The measurements

— 0.13 £ 001

assessed on three series of five dental radiographs on
a portion of the dentition of a dried human skull. The
imaging device was removed and replaced between
radiographs. The trial for assessing the reproducibility
of the dental radiographs was not performed in vivo
because of medical ethical reasons. Using a digital
measuring-gauge$ (measurement uncertainty Ugs =
20 um), MGL and MBL were measured directly on the
color slides and dental radiographs (Figs. 5 and 7).
On each color slide three vertical measuring points
were used to assess the vertical reproducibility (inciso-
gingival distance on an incisor on the left side, an
incisor in the center, and an incisor on the right side

within one patient were very con-
sistent with a measuring error
of 0.14 + 0.02 mm and 0.13 £+ 0.01 mm, respectively.

If one focuses on the accuracy in repositioning of the
imaging device, it is clear that the intraexaminer incon-
sistency largely contributes to the overall measuring
error. This makes the intraexaminer inconsistency the
determining factor for reliability of repeated measure-
ments. The results of our study are in accordance with
the results of the experimental study of Hermann et al.3
comparing linear radiographic with histometric mea-
surements. They concluded that with standardized peri-
apical radiography crestal bone levels around implants

§ Cal IP65, Type 00530200, Tesa, Renens, Switzerland.
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can be measured accurately (within 0.2 mm) in a high
percentage (89%) of cases. Similarly, changes in MGL
can be measured as accurately with the method pro-
posed in this study.

The relatively large contribution of the intraexaminer
inconsistency to the total measuring error could be
related to the measuring method. However, Meijer
et al.,* in their study focusing on the best method to
assess the MBL around endosseous implants, reported
an intra-examiner inconsistency as high as 0.39 mm
when using a digital measuring gauge. Regardless of
this high inconsistency, the authors* concluded that the
use of a digital measuring gauge was the instrument of
choice to assess the MBL, as it proved superior to a
magnifying glass with measuring scale attached to the
lens and no less accurate than a computerized image
analysis system.4l The digital measuring gauge has
been used in many studies,?’ so the even lower mea-
suring error of the technique proposed is well within
acceptable limits.

It has been reported that the mean annual bone
loss around dental implants is 0.6 mm in the first
year after insertion and about 0.1 mm/year there-
after.>8-11 The measuring error of 0.13 £ 0.01 mm on
repeatedly taken dental radiographs has to make one
cautious in drawing definitive conclusions based on
radiograph measurements with a short follow-up.
However, changes in MBL less than 0.20 mm are not
considered clinically relevant. The same is also true
for MGL, although currently no data are available on
the annual change of this parameter around dental
implant restorations. Again, we consider changes in
the MGL less than 0.22 mm not clinically relevant.
The mean measuring error of the device used in this
study is comparable for color slides and dental radi-
ographs. Thus, a major advantage is that with the
same device changes both in MGL and in MBL can
be studied.

Previous reports mentioned the use of an imaging
device to take reproducible dental radiographs.!2-17
The various reports all can be applied to study radio-
graphic changes at the implantation site as a function
of time post-treatment, but do not allow for comparison
of radiographic and clinical data as no application is
available for such comparative studies. The main
improvement of the method introduced in this study
is that it makes such comparative studies possible.
Furthermore, Meijer et al.!® regarded a repositioning
error with a standard deviation of 0.02 mm due to the
radiographic technique acceptable to judge the mar-
ginal bone loss as a function of time. The very small
repositioning error of the method discussed in the cur-
rent study is in accordance with this statement.

The fact that, by using this device, both the color
slides and the dental radiographs are taken from the
same horizontal and vertical angulation towards the
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Figure 8.
An intraoral dental radiograph (A) and a color slide (B) of the same area.

implant/tooth and surrounding hard and soft tissues
will probably enable researchers to relate changes in
MGL to changes in MBL (Fig. 8). Hypothetically, this
is an important achievement in the understanding of
changes in the soft tissue levels around dental implant
restorations as well as around natural teeth. Extensive
studies are needed to determine whether there is a
relationship between changes in MGL and changes in
MBL. Besides its use in oral implant studies, the imag-
ing device can probably play a role in assessing the
long-term effects of periodontal and prosthodontic
treatment on soft and hard tissues around natural teeth
as well. This might lead to the development of a gen-
erally applicable “esthetic index” for the hard and soft
oral structures in the esthetic zone.

| IBAS, Zeiss/Kontron, Eching, Germany.
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