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The fabrication of a complete maxillary implant-supported prosthesis in a patient with slight
resorption of the alveolar ridge and a high lip line presents a professional challenge. The
implants must be placed with high precision to achieve good esthetics, phonetics, and function.
A fixed surgical template using microimplants has been developed for this purpose. The objec-
tive of this investigation was to compare a fixed surgical template (FST) to a conventional mov-
able surgical template (MST) for the precise placement of implants in the slightly resorbed eden-
tulous maxilla. Three patients (28 implants), edentulous in the maxilla, with slight ridge
resorption, in whom the implants were placed with an FST, were compared with 5 controls hav-
ing the same characteristics and implants placed with an MST (35 implants). After completion of
the prosthesis, occlusal photographs (1:1) were taken, and these images were scanned and
transferred to a drawing program in which the contours of the teeth, the ideal emergence posi-
tion of the occlusal hole of the abutment screw, and its real position were drawn. A blind evalua-
tion was made using the following variables: frequency of location of the abutment screw hole
outside of the tooth contour, and the relative measurements of the area of coincidence between
the circle that represents the ideal position and real position. A significantly smaller frequency
of implants outside the tooth contour was seen with the FST (7%) than with the MST (46%)
(P <.0008). Also, a significantly higher relative area of coincidence was observed between ideal
position and real position in the FST (0.61) than in the MST (0.38) (P <.003). This study revealed
that considerably higher precision was associated with the use of an FST. (INT ] ORAL MAXILLO-
FAC IMPLANTS 2000;15:272-277)
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he intraoral fixation of a surgical template, an
essential requirement for its precision, has been
achieved in the partially edentulous patient.l-13
However, for the completely edentulous patient,
this presents a major problem.”.8,14+-17 Except for a
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few rare exceptions, the need for a surgical template
in the treatment of the edentulous mandible is very
infrequent, but when rehabilitation of the maxilla is
undertaken, the use of a template is important.
Rehabilitation of the completely edentulous max-
illa with an implant-supported prosthesis is an
extremely complex process.!8 It requires function
compatible with good esthetics and phonetics, with-
out compromising hygiene maintenance. These
objectives can be easy to achieve, depending on the
resorption pattern in each case. As the maxilla is
resorbed, the residual alveolar ridge moves superi-
orly and medially in a more palatal and cranial posi-
tion relative to the location of the future tooth
replacements. There is, however, extensive variabil-
ity from patient to patient,!? and as a consequence,
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it is necessary to determine the degree of existing
resorption during preoperative diagnosis, so as to
determine the ideal type of prosthesis for each situa-
tion and informing the patient.19

Several authors have attempted to systematize the
decision-making process in prosthesis design for
patients who are completely edentulous in the max-
illa.18-20 The essential orientation criteria include: the
possibility of placing implants in an ideal position, the
smile line of the patient, the need for additional lip
support because of the horizontal loss of ridge vol-
ume, and the possible requirement of a palatal flange
to accommodate vertical ridge resorption.

Thus, 4 different types of restoration could be
considered for the rehabilitation of a completely
edentulous maxilla:

1. An overdenture!9.2!

2. A hybrid removable prosthesis with precision-
milled bar!9,20,22,23

3. A fixed prosthesis with space beneath for oral
hygiene and a removable labial resin veneer!8

4. A fixed prosthesis with the design of a fixed par-
tial denture!?

"To select the type of surgical template to be used,
2 options are available:

1. Implant-supported dentoalveolar prosthesis.
Restoration types 1, 2, and 3 are included here. A
common finding in these patients is considerable
resorption of the residual alveolar ridge, which
for esthetic, hygienic, or phonetic reasons must
be replaced with a prosthesis, incorporating a
removable labial resin veneer or the vestibular
and palatal flanges of a hybrid prosthesis or an
overdenture. In these patients, the position of the
implants will be covered by the vestibular flange.
The precision of implant placement to achieve a
good tooth-implant relationship will not be so
necessary, and, as a consequence, the implants
can be placed with greater freedom, allowing the
surgeon to select the sites where the best bone is
available. A profile surgical template stabilized by
a removable acrylic resin base is indicated.!

2. Implant-supported dental prosthesis. This category
corresponds to the fixed prosthesis with the design
of a fixed partial denture mentioned above. The
candidates for this type of prosthesis are those who
have lost their teeth but have not suffered signifi-
cant resorption of the residual alveolar ridge; as a
result, the restoration will have to replace the teeth
only. In these situations, which are extremely diffi-
cult when the smile line is high, both precision of
implant placement and good tooth-implant rela-
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tion are essential. Since teeth are not available for
template retention, bone anchorage is necessary.
Previous studies have suggested intraoral use of
cortical miniscrews,24 as well as the use of transmu-
cosal implants.25 Based on these experiences, a
miniature implant has been designed to fix the pro-
file surgical template in the completely edentulous
maxilla with the precision and comfort characteris-
tic of the partially edentulous patient.

The objective of the present study was to com-
pare the precision of placement of implants in
patients edentulous in the maxilla, with slight alveo-
lar ridge resorption, who have been rehabilitated
with implant-supported dental prostheses, using
surgical templates fixed with microimplants to the
precision of a conventional movable template.

The clinical sequence for the application of this
technique is as follows. A preoperative wax-up study is
made, from which a conventional surgical template is
fabricated (labial resin veneer). Once the possible
locations for implant placement are decided upon, 4
positions for the transmucosal placement of the
microimplants (Fig 1a) are chosen. These normally
are those that correspond to the maxillary lateral
incisors and the first or second molars (Fig 1b). After
placement of the microimplants, impression copings
are inserted into them and an alginate impression is
made. With the help of the corresponding laboratory
microplant analog, a master cast is made. Using this
master cast, the definitive wax-up is made, and the
profile surgical template, supported by the 4 microim-
plants, is fabricated (Fig 1c). Following template fab-
rication, an appointment is made for placement of the
definitive implants. Inflammation, both facially and
around the microimplants, is generally minimal.
Surgery can be carried out without the need to
remove the template from the mouth, with complete
comfort both for the surgical team and the patient
(Fig 1d). Once the surgery has been completed, the
microimplants are removed with a simple manual
square screwdriver and, after suturing, normal healing
is achieved. Accuracy of the implant placement can be
observed in the finalized restoration (Fig 2).

METHODS

Eight consecutive patients, edentulous in the maxilla,
with slight ridge resorption and a high smile line,
restored with implant-supported dental prostheses,
were selected. Three of these were treated using a
fixed surgical template (FST) secured by the use of
microimplants, and 5 were treated using a movable
surgical template (MST).
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Fig 1a Placement of the microimplants.

Fig 1c The fixed template is placed on the microimplants.

In the first group (FST), 2 of the patients were
female, the mean age was 45, and 28 implants were
placed; in the second (MST), 3 patients were female,
the mean age was 50, and 35 implants were placed.

For all patients, the final prostheses were fabri-
cated according to the previous wax-up, and no
angulated abutments were used. Once the prosthesis
was finalized, an occlusal photograph, with standard
magnification, was taken (Fig 2a). The images were
then incorporated into a drawing program (Aldus
FreeHand 7, Macromedia, San Francisco, CA); the
contours of the teeth were drawn; and the real posi-
tions (RP) of the abutment screw holes were repre-
sented by means of a circle with a standard diameter
(Fig 2b).

Each image was then duplicated, and the circle
that represented RP was removed; a second exam-
iner, blinded to the procedure, proceeded to place a
circle of the same diameter in the ideal position (IP)
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Fig 1d The placement of 8 implants is carried out without the
need for removing the template during the procedure. Placement
of the 4 implants that correspond to the right side of the maxilla
is illustrated in the photograph.

that the abutment screw hole should have (in the
center of the occlusal face of the premolars and
molars, and in the cingulum of the anterior teeth) if
the surgeon successfully placed the implants accord-
ing to the wax-up (Fig 2¢). Following these, both
images were superimposed, and the area of intersec-
tion between the circles, which represented RP and
IP of the abutment screw, was obtained (Fig 2d).
The area of coincidence was later measured using
the Global Lab Image 2.10 program (1993) (Data
Translation Inc and Automatix Inc, Marlborough,
MA). The measurements were expressed in relative
values (relative area of coincidence), giving a value of
1 to the total coincidence and a value of 0 when the
circles drawn did not possess common points.
Simultaneously, starting from the image correspond-
ing to RP, the number of cases in which the abut-
ment screw hole invaded the contour of the corre-
sponding tooth for each group was recorded.
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Fig 2a Occlusal photograph of a patient in the study.
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Real position

Fig 2b Representation of the profile of the teeth from an occlusal
view. The real position of the abutment screw hole is shown.

£ &

Ideal position @

oS

@

Area of coincidence

Fig 2c The ideal position, selected by an examiner blended to
the procedure, is detailed.

Statistical analysis was made using SPSS for Win-
dows 6.0 (Chicago, Illinois). The variable “relative
area of coincidence” was treated as a quantitative
variable, and its possible association with the vari-
able “type of template” was studied using the Stu-
dent’s ¢ test. The associated risk of invasion of the
contour of the tooth according to the type of treat-
ment was studied using the odds ratio.

RESULTS

In the group treated with the MST, the relative area
of coincidence between the circles (which represents
the real and ideal positions of the abutment screw
hole) was 0.38, significantly smaller than that
observed in the patients treated with the FS'T, where
this increased to 0.61 (P = .003). This significant
relationship between the variable relative area of
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Fig 2d Relative area of coincidence of real and ideal positions.

coincidence and the type of surgical template pre-
sents an intensity of 0.36. The mean difference
between both groups was 0.23, whose confidence
interval for an alpha risk of 0.05 ranged between
0.08 and 0.36.

In accordance with these data, a significant incre-
ment of precision of 61% is associated with the use of
the FST, whose confidence interval for an alpha risk
of 0.05 ranged between 22 and 101% (Table 1, Fig 3).

In the evaluation of frequency of invasions of the
tooth contour by the abutment screw hole, it was
seen that these were significantly more frequent
(P =.00016) in the patients treated with the MST
(16/35, or 45.7%) than in those treated with the
FST (2/28, or 7.1%). The intensity of this relation-
ship was 0.42. In accordance with these data, the use
of an MST in this type of patient was associated
with a risk 10.94 times greater of causing invasion of
the tooth contour. In clinical terms, 91% of the risk
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Movable Fixed
template template
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Fig 3 Areas of coincidence between real and ideal positions in
the study.

Movable Fixed

template template

Buccal Buccal
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proximal

Lingual Lingual

Fig 4 Location and number of invasions of the tooth contour
with respect to the type of template used.

of invasion is related to the use of the movable tem-
plate (Table 2, Fig 4).

In the group treated with the FST, the “abut-
ment screw hole” did not invade the vestibular face
of the tooth in any of the patients. This, however,
did occur in 3 patients (8.6%) in the group treated
with the MST. In the latter group, the contour was
invaded in 9 patients (25.7%) in the interproximal
spaces, which affects the position and form of the
papillae, while this only happened in 1 patient
(0.04%) in the group treated with the FST.

DISCUSSION

In accordance with the experience of the authors,
application of the profile surgical template fixed with
microimplants in the patients with totally edentulous
maxillae with implant-supported prostheses satisfies
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Table 1 Area of Coincidence Between Real
and Ideal Positions

Template n Mean SD SE
Movable 35 0.38 0.34 0.05
Fixed 28 0.61 0.25

Total 63

Student’s t test: t = 3.13; df = 60.84; P = .003.
Mean difference = 0.2323; SE = 0.074; 95% confidence interval =
0.084 to 0.381.

Table 2 Invasion of the Tooth Contour with
Respect to the Type of Template Used
Template Invasion No invasion
Movable 16 19

Fixed 2 26
Total 18 45

Chi-square test = 11.34; df = 1; P = .00076. Phi = 0.42; P = .00066.
Odds ratio = 10.94; 95% confidence bounds = 1.38 to 19.67.
Odds ratio-1/odds ratio = 0.91 (91% risk of invasion, MST).

the requirements as established in previously pub-
lished reports for the partially edentulous patient,!
allowing adequate precision and comfort. Initially,
its use will be indicated in a small group of patients:
those with completely edentulous maxillae with min-
imum resorption and significant esthetic require-
ments. Its utilization involves minimal additional
surgery that rarely presents complications for the
patient or the surgeon and only a little extra time in
the treatment, which, in this type of patient, may be
compensated by the results achieved.

This is a retrospective review; consequently, it is
not possible to establish a cause-and-effect relation-
ship between the type of treatment and the variables
that represent the precision involved in the implant
placement (relative area of coincidence and fre-
quency of invasions of the tooth contour). There-
fore, the conclusions must be limited to establishing
highly significant associations. However, the careful
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selection of controls and the fact that the examiner
who determined the ideal position of the abutment
screw hole was blinded to the type of treatment
given (FST or MST) make potential generalization
of the results more feasible.

The precision in the placement of the implants
has been analyzed by means of employing 2 vari-
ables, which represent the deviation of the surgeon
from his ideal objective. From a practical viewpoint,
these results appear to relate the use of a fixed tem-
plate with a clinically significant improvement in
the placement of the implants: an increment of pre-
cision of 61%, and a risk of invasion of the tooth
contour 11 times lower. This represents consider-
able reduction in the esthetic problems related to
incorrect placement of the implants and facilitates
the work of the restorative dentist, allowing him or
her to achieve the best possible results from the
esthetic, hygienic, and phonetic points of view.

CONCLUSION

According to the methodology of the present study,
it can be concluded that considerably higher preci-
sion is associated with the use of a fixed surgical
template in the placement of implants in patients
with edentulous maxillae with slight resorption of
the alveolar ridge.

ACKNOWLEDGMENTS

We wish to thank the Santa Barbara and Nobel Biocare compa-
nies for their cooperation in the design and building of the new
components described in this paper, and Luis Fuertes (Labora-
torios Delta, Oviedo, Spain) for his help in the design and man-
ufacture of the templates. We would also like to express our
gratitude to David H. Wallace (Member of the European Asso-
ciation of Science Editors) and Ana Raiméndez for their help in
preparing this manuscript.

REFERENCES

1. Sicilia A, Noguerol B, Cobo J, Zabalegui L. Profile Surgical
Template. A systematic approach to precise implant place-
ment. A technical note. Int J Oral Maxillofac Implants 1998;
13:109-114.

2. Parel SM, Sullivan DY. Esthetics and Osseointegration. Dal-
las: Osseointegration Seminars Inc, 1989:22-28.

3. Parel SM, Funk JJ. The use and fabrication of a self retain-
ing surgical template for controlled implant placement: A
technical note. IntJ Oral Maxillofac Implants 1991;6:
207-210.

4. Stein JM, Nevins M. The use of an osseointegrated restora-
tion to resolve a Bolton deficiency. Int J Periodontics
Restorative Dent 1988;6:24-33.

CoPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING
OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF
THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

The International Journal of Oral & Maxillofacial Implants

. Rasmussen RA. The Brinemark System of Oral Reconstruc-

tion. St. Louis: Ishiyaku EuroAmerica, 1992:149,165-167,188.

. Edge MJ. Surgical placement template for use with osseoin-

tegrated implants. ] Prosthet Dent 1987;57:719-722.

. Taylor R, Bergman G. Laboratory Techniques for the

Branemark System. Chicago: Quintessence, 1990:17-21.

. Israelson H, Plemons JM, Watkins PH, Sory C. Barium-

coated surgical stents and computer-assisted tomography in
the preoperative assessment of dental implant patients. Int J
Periodontics Restorative Dent 1992;12:52-61.

. Assémat-Tessandier X, Amzalag G. La décision en implan-

tologie. Paris: Editions CdP, 1993.

Gelb DA, Lazzara R]. Hierarchy of objectives in implant
placement to maximize esthetics: Use of pre-angulated abut-
ments. Int ] Periodontics Restorative Dent 1993;13:
276-287.

Chiche GJ, Block MS, Pinault A. Implant surgical template
for partially edentulous patients. Int J Oral Maxillofac
Implants 1989;4:289-292.

Tulasne JE. Implant treatment of missing posterior dentition.
In: Albrektsson T, Zarb GA (eds). The Brinemark Osseoin-
tegrated Implant. Chicago: Quintessence, 1989:103-115.
Ohrnell LO, Palmquist J, Brinemark P-I. Single tooth
replacement. In: Worthington P, Branemark P-I (eds).
Advanced Osseointegration Surgery. Chicago: Quintessence,
1992:211-232.

Henry PJ. The surgical prosthodontic interrelationship in
osseointegrated prostheses. In: Van Steenberghe D,
Albrektsson T, Brinemark P-I, Henry PJ, Holt R, Lindén G
(eds). Tissue Integration in Oral and Maxillofacial Recon-
struction. Amsterdam: Excerpta Medica, 1986:287-305.
Beumer J, Lewis SG. The Branemark Implant System. Clin-
ical and Laboratory Procedures. St. Louis: Ishiyaku
EuroAmerica, 1989:34-36.

Hobo S, Ichida E, Garcia LT. Osseointegration and Occlusal
Rehabilitation. Chicago: Quintessence, 1989:65-73,120.
Engquist B. Overdentures. In: Worthington P, Brinemark
P-I (eds). Advanced Osseointegration Surgery. Chicago:
Quintessence, 1992:233-247.

Taylor TD. Fixed implant rehabilitation for the edentulous
maxilla. Int ] Oral Maxillofac Implants 1991;6:329-337.
Desjardins RP. Prosthesis design for osseointegrated
implants in the edentulous maxilla. Int J Oral Maxillofac
Implants 1992;7:311-320.

Lothigius E, Smedberg JI, De Buck V, Nilner K. A new
design for a hybrid prosthesis supported by osseointegrated
implants. Part 1. Technical aspects. Int J Oral Maxillofac
Implants 1991;6:80-86.

Krimer A, Weber H, Benzing U. Implant and prosthetic
treatment of the edentulous maxilla using a bar-supported
prosthesis. Int J Oral Maxillofac Implants 1992;7:251-255.
Smedberg JI, Lothigius E, Nilner K, De Buck V. A new
design for a hybrid prosthesis supported by osseointegrated
implants. Part 2. Preliminary clinical aspects. Int J Oral
Maxillofac Implants 1991;6:154-159.

Van Roekel NB. Prosthesis fabrication using electrical dis-
charge machining. Int J Oral Maxillofac Implants 1992;7:
56-61.

Buser D, Brigger U, Lang NP, Nyman S. Regeneration and
enlargement of jaw bone using templated tissue regenera-
tion. Clin Oral Implants Res 1990;1:22-32.

Buser D, Weber HP, Brigger U, Balsiger CH. Tissue inte-
gration of one-stage I'TI implants: 3-year results of a longi-
tudinal study with hollow-cylinder and hollow-screw
implants. Int ] Oral Maxillofac Implants 1991;6:405-412.

277



