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Purpose: Transitional implants (Tls) were developed as a method of providing fixed provisional restora-
tions for the implant patient who wishes to avoid removable temporary restorations during implant
healing. Success of Tls depends on achieving sufficient osseointegrated bone-to-implant contact (BIC)
during the provisional prosthesis phase. To date, little data are available on the degree of BIC of these
implants in function. The purpose of this study was to histologically evaluate the BIC of TIs following
various periods of loading. Materials and Methods: Histologic analysis of 33 immediately loaded
implants from 21 patients was performed. All Tls had turned machined surfaces and were made of
commercially pure titanium (grade 1). These transitional implants were in function for an average of
10.8 months (range: 6 to 27 months). Before the definitive restoration was provided, all of the Tls were
removed with trephine drills and sent for hard tissue histomorphometric analysis. Results: The aver-
age percentage of BIC was 52.9% = 13.81% (range 25.1% to 83%). Discussion: Although Tls are tradi-
tionally removed when the definitive implants are restored, the BIC and clinical integration of the Tls in
the present study may suggest a change in Tl protocol. Studies are indicated to examine long-term use
of Tls as sole support or in conjunction with definitive implants in definitive implant-supported restora-
tions. Conclusion: The percentage of BIC achieved with TIs was similar to that documented in the liter-
ature for conventional turned, machine-surfaced implants. INT J ORAL MAXILLOFAC IMPLANTS
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Traditionally the protocol recommended to achieve
osseointegration of endosseous implants required
healing in the absence of functional loading for a
period of 3 to 6 months.! This protocol produced a
predictably high implant success rate.? However, to
avoid transmucosal loading of the implants during
the early healing period, patients were required to
refrain from wearing any removable prostheses for at
least 2 weeks after implant placement. The prostheses
were then relined with a resilient liner every 3 weeks
until placement of the definitive implant-supported
restoration. Patients often objected to having to func-
tion without any temporary restoration and then to
wearing a removable prosthesis while awaiting com-
pletion of the definitive restoration. As a result, some
patients were reluctant to pursue the recommended
implant therapy.

Several methods were suggested to avoid the use
of a removable provisional prosthesis: a serial extrac-
tion technique, immediate loading of implants, and
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the use of transitional implants (Tls) to support a fixed
provisional prostheses.The serial extraction technique
is a method in which strategically located hopeless
teeth are temporarily retained across the arch to sup-
port fixed provisional prostheses during implant heal-
ing.2 This method avoids transmucosal loading of the
implants and allows the patient to function with a
fixed provisional prosthesis during the time of
implant healing and restoration. However, a second
surgical phase, additional extractions, and implant
placement are required following the initial implant
healing and loading. This “serial approach” adds a min-
imum of 6 months to 1 year to the treatment time
prior to the seating of the definitive restoration. The
additional treatment time often results in loosening
of the remaining abutment teeth, and also increases
the risk of loosening and fracture of the provisional
prostheses. This, in turn, increases the time and the
cost of the entire treatment.?

Several investigations have tested the immediate
loading of implants as a method of avoiding the use
of removable provisional prostheses during implant
restoration. This technique reduces the number of
surgical procedures and shortens treatment time.
However, the protocol suggested requires the use of
at least 4 or 5 implants at least 10 mm or longer,
which are splinted with cross-arch stabilization.*-6
Possible failure of implants placed into immediate
function is a potential disadvantage and must be
considered in treatment planning utilizing immedi-
ate loading.

Tls were developed as a method of providing
fixed provisional restorations for the implant patient
who wishes to avoid any removable temporary
restorations during implant healing. A fixed provi-
sional prosthesis supported by Tls can provide the
patient with improved esthetics and function during
the osseointegration period. Moreover, osseointegra-
tion can proceed without transmucosal loading.” A

Fig 1a (Left) Radiograph of Tls supporting a
fixed provisional prosthesis while the restorative
implants are healing without loading.

Fig db (Below) The Tls and restorative implants.

fixed provisional prosthesis supported by Tls also
allows areas of bone augmentation (ie, potential
implant sites) to heal uneventfully.?2 They facilitate
accurate implant placement with improved stability
of the surgical template and enhanced visibility of
the surgical sites.” There are 4 transitional implant
systems available: the Immediate Provisional Implant
(IPl: Nobel Biocare USA, Yorba Linda, CA), the Modular
Transitional Implant (MTI; Dentatus USA, New York,
NY), the Mini Dental Implant (MDI; Imtec, Ardmore,
OK), and the Temporary Implant (Bicon, Boston, MA).
Although the manufacturer’s instructions vary for
each system, the foremost advantage of any Tl sys-
tem is the delivery of a stable temporary fixed pros-
thesis prior to and at the time of implant placement.

Success of Tls depends on achieving sufficient
osseointegrated bone-to-implant contact (BIC) dur-
ing the provisional prosthesis phase.To date, there is
a paucity of data available on the degree of BIC of Tls
in function. The purpose of the present study was to
histologically evaluate the bone-to-implant contact
of transitional implants in function for various time
periods.

MATERIALS AND METHODS

Histologic analysis was performed on 27 Tls from 17
patients who received treatment at New York Univer-
sity Department of Implant Dentistry and 6 TIs from 4
patients from who received treatment at the School
of Dentistry, University of California at Los Angeles.
Seventeen of the 33 Tls were placed in the mandible
and 16 in maxilla. All 33 TIs were designated as test
Tls prior to being removed by trephine. Prior to Tl
placement all patients signed an informed consent
describing the placement and removal of the Tls.The
Tls were all manufactured by the same company
(Dentatus USA) and were made of commercially pure
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Fig 2a (Left) Removal of a Tl with a
trephine.

Fig 2b  (Right) Tl and bone core removed
and submitted for processing.

titanium (cpTi; grade 1) with turned surfaces. All Tls
were placed according to the manufacturer’s instruc-
tions and were placed in locations that did not inter-
fere with permanent implant placement. These posi-
tions were also selected so as to ensure that trephine
removal of the Tls would not compromise any per-
manent implant (Fig 1). All TIs were splinted and were
used to support acrylic resin provisional restorations
that were fabricated chairside or processed by a den-
tal laboratory.

The TIs were immediately loaded and functioned
for 6 to 27 months. None of the 33 test Tls had to be
removed prematurely, and all were nonmobile at the
time of removal. Before the definitive restorations
were seated, all 33 transitional implants were
removed with trephine drills (Fig 2). In most cases,
the prosthetic portion of the implant was removed
with a high-speed bur prior to use of the trephine
(Ace Surgical Supply, Brockton, MA).

The specimens were sent to the Hard Tissue
Research Laboratory at the University of Minnesota
(or to the University of Oklahoma before the labora-
tory was moved) for processing and evaluation in
10% neutral buffered formalin. All implant cores were
sectioned in half buccolingually and immediately
dehydrated with a graded series of alcohols for 9
days. Following dehydration, the specimens were
infiltrated with a light-curing embedding resin (Tech-
novit 7200 VLC, Kulzer, Wehrheim, Germany). Follow-
ing 20 days of infiltration with constant shaking at
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Fig 2c Radiograph following removal of
the TIs. The restorative implants now sup-
port the fixed provisional prosthesis.

normal atmospheric pressure, the specimens were
embedded and polymerized by 450-nm light. The
temperature of the specimens never exceeded 40°C.
The specimens were then prepared by the
cutting/grinding method of Donath.'%" The speci-
mens were cut to a thickness of 150 yum on an EXAKT
cutting/grinding system (EXAKT Apparatebau,
Norderstedt, Germany). Following this, the specimens
were polished to a thickness of 35 ym using the
EXAKT microgrinding system followed by alumina
polishing paste. This thickness is optimal for the
preservation of titanium on the microscope slide and
high-power microscopic observation of undecalci-
fied bone and soft tissue.

The slides were stained with Stevenel’s blue and
Van Gieson'’s picric fuchsin. Histomorphometric mea-
surements of digitized images were completed using
a Macintosh G4 computer (Cupertino, CA) and a
combination of Adobe PhotoShop (San Jose, CA) and
the public domain NIH Image program (developed at
the U.S. National Institutes of Health and available on
the Internet at http://rsb.info.nih.gov/nih-image). The
total length of bone in contact with the implant was
measured, and the percentage of the threaded por-
tion of the implant in contact with bone was calcu-
lated. Calculations were also made of the bone mar-
row and the connective tissue in contact with the
threaded portion of the Tl coronal to the first point of
bone contact (Fig 3).
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a

Figs 3a to 3c  Photomicrograph of the Tl and surrounding bone (Stevenel’s blue and Van Gieson’s picric fuchsin; original magnification
X2). The Tl functioned for 8.5 months in the mandibular right second molar area of the patient in Fig 1 (Stevenel’s blue and Van Gieson’s
picric fuchsin; original magnification X2 for b and X4 for c).

RESULTS Table 1 Location, Loading Period, and % Bone-to-
Implant Contact of the Transitional Implants
The location (maxilla or mandible), loading period Location/ Loading
(months), and percentage of BIC of the 33 transi- patlent e ) KRR
tional implants in this study are listed in Table 1.The Mandible
average percentage of BIC was 52.9% + 13.81% with Al 6 44.0
a range from 25.1% to 87.3%. The average time of 9 LD
loading was 10.8 months (range, 6 to 27 months). The oW 13 2;’2
average percentage of BIC of the 17 mandibular Tls FS 7 34.2
was 54.61% + 12.74% (range, 27.5% to 77.9%). The HP 8 48.0
average percentage of BIC of the 16 maxillary Tls was 8 51.0
51.09% + 15.07% (range, 25.1% to 87.3%). Figure 4 8 57.0
shows the distribution of the percentage of BIC of m 2 S;’_%
the Tls in this study. MS 9 275
RC 12 64.5
RD 15 53.6
DISCUSSION SR I e
10 77.9
. SD 12 64.8
Clinical*'? as well as histologic evidence''% of WA 13 49.4
osseointegration has been demonstrated with non- Maxilla
submerged, immediately loaded implants. Based on BO 6 45.0
previous reports, splinting, with primary stabilization BS 8 44.8
of individual immediately loaded implants, was rec- CK 2; ;‘;’37
ommended to keep implant micromovement below EF 12 15.6
a critical level and allow osseointegration.'® Albrekts- IB 14 41.9
son and Jacobsson'’ reported that the bone-to- JF 12 52.1
implant interfacial reaction was not determined by 12 56.5
factors relating to the implant alone.They stated that KW : 28';
parameters such as surgical technique and loading LF 14 25.1
conditions were equally important for reliable oP 7 61.0
osseointegration. PL 12 58.2
Zubery and associates'® published a histomor- =L ig g'g

phometric study of Tls placed in dogs. They placed 3 WA 13 36.3

Tls into each side of the mandible in 3 dogs. Anterior Average 10.8 50.9+18.81
and posterior implants were loaded immediately,
while the middle implants remained unloaded. After
11 or 12 weeks, histologic examination showed that
the mean BIC of the 7 loaded implants was 46.1%
and that of the 3 unloaded implants was 54.0%.
Simon and Caputo'® evaluated removal torque of
immediately loaded transitional endosseous
implants in humans. They suggested that stronger
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Fig 4 Distribution of BIC for all Tls removed.

integration was observed in the mandible compared
to the makxilla, and removal torque levels of these
implants indicated varying degrees of integration

The results of the present study show similar per-
centages of BIC regardless of whether the Tls were
placed in the maxilla or mandible. This may be a
function of the location and the type of native bone
present in the areas in which the TIs were placed.
Proussaefs?? reported that histologic evaluation of a
single immediately loaded Tl in the mandibular arch
of a 52-year-old woman that was in function for 18
months revealed 81.3% BIC. He suggested that
immediately loaded Tls could potentially achieve
and maintain a high degree of osseointegration for a
longer period of time than that currently expected (3
to 6 months).

Steflik and colleagues?' compared 120 implants
from 6 different implant systems placed in 30 dog
mandibles. Their results indicated no significant dif-
ference between loaded and unloaded titanium
root-form screw-type implants. The range of the per-
centage of BIC for a 1-stage titanium implant was
50.1% to 59.6%. Lazzara et al??> compared the per-
centage of BIC for acid-etched implants and turned,
machined cpTi implants. They placed 2- X 5-mm,
threaded titanium implants that were acid-etched on
one side and machined on the opposite side in the
posterior maxillae of 11 patients. Histologic analysis
of the unloaded implants was done after 6 months.
The mean BIC value for the acid-etched surfaces was
72.96%, and that for the turned, machined surfaces
was 33.98%.

Weinlaender and coworkers?* compared the per-
centage of BIC of 3 types of endosseous dental
implants. The implants placed in the edentulous
mandibles of 7 adult mongrel dogs had 3 different
surfaces (A = titanium, B = titanium plasma-sprayed,
C = hydroxyapatite (HA) -coated). Twenty-one
implants were harvested after 12 weeks. Their study
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showed that the percentage of contact was 45.66%
for A, 54.99% for B, and 71.35% for C. Gottlander and
Albrektsson?* compared plasma-sprayed HA-coated
titanium implants with an uncoated control in a
short-term (6 weeks) and a longer-term (1 year)
study. They placed threaded HA-coated implants and
uncoated cpTi screw implants in the rabbit tibial
metaphysis. After either 6 weeks or 1 year postplace-
ment, the loaded implants were histomorphometri-
cally analyzed. Six weeks after implant placement,
the average direct bony contact was 65% for the HA-
coated implants and 53% for the cpTi implants. After
1 year, the average percentage of BIC contact was
59% for the HA-coated screws and 74% for the cpTi
screws.

Conner and colleagues?® conducted a histomor-
phometric study to assess the BIC of 3 different
rough-surfaced implants following guided bone
regeneration in manmade defects in a canine model.
Following a healing period of 6 months, they com-
pared the BIC in the regenerated and non-regener-
ated areas for TPS, acid-etched, and HA implants. The
mean percentage of BIC was 25.08% in regenerated
bone and 16.96% in non-regenerated bone with TPS
implants; 16.24% in regenerated bone and 28.78% in
non-regenerated bone with acid-etched implants;
and 48.25% in regenerated bone and 25.60% in non-
regenerated bone with HA-coated implants.

In the present study, the average percentage of
BIC of the TIs was 52.9% +13.81%, with a range of
25.1% to 87.3%. Ideally, comparisons should be made
of implants placed in identical tooth locations where
the quality of the native bone is similar. This was not
possible in the current human study, in which
implants were placed where they were clinically
required to support fixed provisional prostheses. Tls
are usually placed in interproximal sites so as not to
interfere with the definitive implants. For example, an
implant might be placed between the positions of
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teeth 5(14) and 6(13). Thus, even if 2 patients both
received implants in the “maxillary right canine posi-
tion,” the implants might in fact be in dissimilar posi-
tions because of their interproximal and buccal or
lingual positions. Even with a total of 33 Tls from 21
patients, finding enough similar sites to use implants
placed at corresponding locations as a biologic unit
would be difficult and would have yielded a very
small sample size. Therefore, the range of BIC pre-
sented in the current study, 25.1% to 87.3%, may
reflect differences in location and type of native
bone present at the site of Tl placement.

However, these results are consistent with the val-
ues obtained for BIC of restorative implants as docu-
mented in the aforementioned studies. In 1 clinical
study, immediate loading of implants restored with
fixed prostheses in completely edentulous mandibles
in 27 patients was reported with a 99% success rate
at the time of final evaluation for restorative fabrica-
tion.?® Another clinical study evaluated 5-year results
of 9 of 10 patients who received definitive implants
that were immediately loaded in the edentulous
mandible.?” Results showed a 97% survival rate of
implants immediately loaded with acylic resin pros-
theses that were not disturbed for 3 months. The
prosthesis survival rate was 100%. These studies doc-
umented successful immediate loading of restorative
implants. However, Tls are traditionally removed when
the restorative implants are restored.The BIC and clin-
ical integration of the Tls noted in the present study
may suggest a change in Tl protocol. Long-term stud-
ies are necessary to determine if these implants
require removal or can function alone or with perma-
nent implants in the definitive restoration.

CONCLUSION

The average percentage of BIC of Tls followed for 6 to
27 months in this study population was 52.9%, which
is similar to that reported in the literature for turned,
machine-surfaced implants.
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