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ABSTRACT

Background: In the treatment of partially edentulous patients, implants have often been connected to natural teeth.
Numerous studies have reported significant complications and problems, while others have demonstrated favorable
outcomes.

Purpose: The purpose of this article was to systematically review the literature regarding the splinting of implants and teeth.
The difference in the biomechanical behavior between osseointegrated implants and teeth and the efficacy of the different
modes of connection that have been employed are explored.

Materials and Methods: A MEDLINE search between 1966 and October 2006 was performed to retrieve relevant articles. A
further manual search from the bibliographies of the former articles was performed to include as many references as possible.
Prospective and retrospective clinical studies, as well as laboratory and computer-generated research, were included.

Results: A pronounced difference in the biomechanics of teeth and implants has been revealed in theoretical models. This
disparity has also been supported by the majority of the experimental work published. As a result, principal complications,
such as intrusion of teeth and higher risk of overload and greater marginal bone loss around the implants have been
reported. Among the several types of connections utilized, the rigid connection showed fewer complications but unfortu-
nately did not eliminate them.

Conclusion: Totally implant-supported prostheses should be the treatment of choice. However, there are cases where
combining teeth and implants is inevitable. The authors propose a rationale design of connecting implants and teeth. This
design minimizes the biologic and technical complications.

KEY WORDS: combination fixed partial dentures or bridges, dental implants, dental prosthesis design, intrusion, non-
rigid attachment, partial edentulism, tooth and implant connection

INTRODUCTION

The introduction of osseointegrated implants in North

America was supported by multicenter studies from

Scandinavia, showing high success rates in the treatment

of completely edentulous jaws.1–3 The predictability

of this treatment modality led to the exploration of

the potential applications. Since 1982, the indications

expanded to the treatment of partial edentulism.4

Numerous studies have proven the efficacy of implants

in dentate patients.4–11

According to the recommendations of the Swedish

National Board of Health, implant- and tooth-

supported restorations were to receive occlusal stresses

independently from each other.5 Contrary to this guide-

line and strictly for research purposes, a small number of

prostheses combining implants and teeth were fabri-

cated. After a limited observation time, some fixtures,

especially those closest to the natural teeth, suffered

from pronounced marginal bone loss and even loss of

integration.5 This raised the question of whether a tooth

with its periodontal ligament (PDL) can efficiently

provide support in a tooth-implant restoration.
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It was the purpose of this article to systematically

review the literature available regarding the connection

of implants and teeth and recommend a design concept

that can minimize biologic and technical complications.

METHODS AND MATERIALS

A MEDLINE search between 1966 and October 2006

was performed to retrieve relevant articles. The search

included articles published in the dental literature in

English. The key words used were dental implants,

dental prosthesis design, partial edentulism, tooth and

implant connection, combination fixed partial dentures

(FPDs) or bridges, intrusion, nonrigid attachment, and

combinations of these terms. The search was completed

manually from the references of the former articles.

No randomized controlled clinical trials were iden-

tified in the literature. The inclusion criteria incorpo-

rated all prospective and retrospective clinical studies, as

well as laboratory and computer-generated research. If

patients were involved, a clinical examination had to be

undertaken. Articles based on questionnaires or patient

records only were excluded. Abstracts, opinion articles,

and techniques were excluded as well.

An analysis was carried out regarding the divergence

in the biomechanical behavior between natural teeth

and osseointegrated implants. Several methods of con-

nection have appeared in the literature as a solution to

this problem. The published data on each of these

methods were examined in order to estimate their

efficacy. Among the numerous complications being

reported, tooth intrusion was the most significant. A

comprehensive investigation was performed to discover

its mechanisms and etiology.

FINDINGS

Biomechanics of Natural Teeth and Implants

Combining implants and teeth creates a potential bio-

mechanical mismatch of the supporting units. Natural

teeth are attached to the bone indirectly via the peri-

odontal ligament. This ligament provides a physiological

horizontal mobility in the range of 150 to 200 mm.12 In

the presence of periodontal disease, this tooth move-

ment can increase by 10-fold. Conversely, implants are

rigidly anchored to the bone. Their mobility ranges from

17 to 66 mm in horizontal direction.13 Any movement is

the result of the inherent resiliency of the bone14 and the

flexibility of the prosthetic joints and components.

In addition, teeth and implants display different

patterns of mobility under physiological stress. Teeth

display a two-stage movement. The first stage is rapid,

within the confines of the periodontal ligament, while

the second is more linear.13–15 Implants, as a result of the

lack of a ligament, do not demonstrate the initial rapid

displacement but move proportionately to a load in a

linear fashion, apparently because of deformation of the

bone. This movement varies, depending on the location

within the arches. Implants in the anterior mandible

demonstrate smaller values than implants in other loca-

tions13 because of the quality of the bone. The presence

of the aforementioned rapid initial movement seen on

teeth and the lack of it regarding implants has a signifi-

cant impact on movement under stress. Even under

small forces (<20 N), the structure of the PDL will allow

a tooth to intrude about 50 mm,16 while an implant,

under a force of 20 N, will only intrude 2 mm.13 Com-

pared with that of a tooth, the resilience (resistance to

yield) of a titanium implant is calculated to be 10 to 100

times higher.15 Additionally, the load duration and not

just the magnitude of the force has a significant influ-

ence on the stress transferred to the bone around an

tooth.17 This is because of the viscoelastic nature of the

PDL and the resultant tissue creep, and it is more impor-

tant in bruxing patients.

The significance of this difference has to be analyzed

from a clinical perspective. On one end of FPDs com-

bining natural teeth and implants, are the teeth and their

respective PDLs. Jemt and colleagues5 stated, “while the

teeth may then be expected to contribute to the support

of the prosthesis, in function the abutment teeth may act

as pontics in relation to the osseointegrated fixtures

because of the periodontium.” Therefore, in order to

distribute stresses evenly, the flexibility of the teeth must

be similar to that of the implant-bone-joint system.

When such prosthesis is planned, the teeth must be peri-

odontally healthy. Splinting can be utilized to further

decrease the individual tooth mobility and approach

that of the implants.4 Nonetheless, the series of adverse

sequelae associated with splinting of natural teeth

should be carefully considered before routinely imple-

mented.18 Increased mobility of the natural tooth

abutments would result in an increased load to the

implant.19,20 The restoration might behave like a canti-

levered FPD, with the implants as the exclusive support-

ing unit.4 The risk of overloading of the implants and/or

the surrounding bone becomes a concern.19
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On the other end of such restorations, the support-

ing unit consists of the osseointegrated implants and the

prosthetic components. The screw-joint flexibility of an

external hexagon implant has been calculated in vivo.21,22

Three-unit FPDs rigidly combining implants and natural

teeth were examined. The implants received a transmu-

cosal abutment. Consequently, the studies determined

the synergistic behavior of both joints. The results indi-

cated that the flexibility of the implant system matched

the axial flexibility of the periodontal ligament. There-

fore, the tooth was able to actively support the prosthesis.

However, it was shown that the implant components have

to bend in order for the load to be shared between the

supporting units,22 and, in some patients, the implants

received 2.5 to 4 times higher load than the abutment

teeth.21 Geometrically, the closer the implant is to the

tooth, the higher the bending moment of the implant

joint.19,20 “If the components of the implants are sub-

jected to repeated bending, this could lead to screw loos-

ening or, even worse, metal fatigue and eventual fracture

of an implant component.”20

Methods of Connection

To overcome the potential problems, various methods of

connection have been presented in the literature. The

techniques range from resilient components within the

implant prosthesis to nonrigid and rigid attachments.

Because teeth are not ankylosed into the bone,

a mechanism that increases implant mobility would

potentially solve the problem. One design incorporates

a flexible component that simulates the periodontal

ligament. An “intramobile element” (IME), interposed

between the abutment and restoration, is used when

splinting to adjacent teeth is desired.23 Theoretical and

limited in vivo data on the use of the resilient element

indicate that there is a damping of the occlusal force on

the implant compared with a rigid titanium component

in freestanding implants11,24 and a more uniform stress

distribution to the bone around the implant only in

tooth-implant FPDs.25 On the contrary, photoelastic

experimentation reveals that the use of the IME does not

allow for more deflection of the restoration when com-

pared with a rigid component. The stress patterns in the

simulated bone are equal for both elements, suggesting

that the stresses are transferred to the titanium-retaining

screw.26 The deformation of the IME does not provide

the implants with elasticity similar to that of a natural

tooth,27 and, therefore, the bending moments that

develop on implants carrying this abutment are nearly

twice as high as physiological bending moments during

mastication.28 Unfortunately, well-controlled experi-

mentation and clinical trials are lacking to show the

efficacy of the system. Another major drawback is the

need for frequent replacement of the resilient compo-

nent because of wear, fatigue,23 and fracture.29

Utilizing nonrigid connection systems is another

approach to evenly distribute the load transfer.30–33 The

rationale is that key and keyway attachments, with the

matrix on the tooth side, would allow physiological tooth

movement independent from the implant. The concept

looks promising, but the in-vitro data are equivocal.

Finite-element analysis (FEA) studies are ambiguous

probably because it is impossible to reproduce all the

details of natural behavior in computer simulations.17

One such study confirms the stress-breaking action of the

nonrigid connector, illustrating reduction of stresses

within the implant by a factor of 24 when the force is

applied on the tooth side.34 On the contrary, another FEA

concludes that the differences in stress distribution are

minimal whether or not an attachment is used.35 The

latter conclusion is supported also photoelastically.36

Regarding the tooth, it seems that its movement patterns

are not significantly influenced by the mode of connec-

tion.37 From a clinical perspective, there are several trials

that have used a connection employing an attachment

successfully.31,33,38,39 An unpleasant complication that

has been observed is intrusion of the natural tooth

segment20,31,40–44 (Figure 1).

Several theories have been described to explain the

phenomenon of intrusion.40,41 The ratchet effect is one

Figure 1 Intrusion of natural tooth #28 connected to implants
#29 and 30 via a semi-precision attachment. Discrepancy
between matrix and patrix is evident.
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of the hypotheses. It is described as mechanical binding

between the matrix and the patrix of precision and

semiprecision attachments that prevents the tooth to

return to its natural position. Debris microjamming

within the attachment acts in the same way. A vicious

cycle is formed, where intrusion is progressively increas-

ing. Debris impaction has been documented in cases

with telescopic copings as well.45 However, it is question-

able whether it is the cause of the intrusion or just

plaque accumulation after a space is created between the

coping and the superstructure. The impaired rebound

memory of the PDL of the tooth is assumed to act inde-

pendently or as a contributing factor to the above

mechanisms. The presumption is that the PDL is con-

tinually depressed in the socket under the occlusal

forces. This causes remodeling of the PDL and orth-

odontic tooth movement in order to reduce the constant

trauma.46,47 Furthermore, flexure of the FPD framework

and flexure of the mandible48–51 are associated with

intrusion of tooth abutments. However, intrusion has

been reported for maxillary arches as well,20,52 suggesting

that mandibular flexion is at best of secondary impor-

tance. Regarding the metal framework, an in vivo strain

study indicated contraction deformation of the frame-

work in both rigid and nonrigid connections. With a

prolonged period of loading, these strains could result in

intrusion of the natural tooth.53

The use of telescopic copings and superstructures is

an alternative means to connect teeth and implants.54 In

this case, there is no direct contact of the natural tooth to

the opposing occlusion. Unfortunately, intrusion is still

observed.41,55 Theories to explain this phenomenon

include disuse atrophy of the periodontium56,57 and a

stress wave theory.45,58 Disuse atrophy of the PDL does

not seem to explain the intrusion phenomenon. Teeth in

hypofunction tend to supererupt rather than sink into

their sockets. The stress wave theory deals with the high

energy absorbed by a tooth connected to an implant,

under occlusal forces. Theoretically, the stress waves

activate osteoclastic activity, resulting in intrusion of the

tooth. A suggested solution to the problem is the incor-

poration of a vertical-locking screw in the cemented

coping.59

A last group of investigators employ rigid connec-

tions between implants and teeth.31,32 When fabricating

one-piece prostheses, the moments are minimal when

both supports have similar mobility. Because this is not

the case for implant-tooth FPDs, the moment becomes

higher for the implant when the load is on tooth side.60

Photoelastic and finite element calculations confirm that,

by a rigid connection, the implant receives higher stresses

than the tooth.36,61 The stresses become worse for the

implant as the number of pontics increases, indicating

that the prosthesis in mainly supported by the implant.61

From a clinical perspective, the short-term survival of the

restorations seems similar to implant-supported FPDs.

At 24 months after delivery, although an increase in load

participation for the implants is demonstrated, the mar-

ginal bone level of the implants is stable.62 Other clinical

studies adopt these favorable findings of successful

implant-tooth FPDs63 and show similar or even smaller

marginal bone loss around the implants compared with

implant-to-implant restorations.64,65 There is only one

long-term prospective evaluation that reports positive

results of well-functioning FPDs and higher marginal

bone level for implants rigidly attached to teeth. Contrib-

uting factors to the success is the interpositioning of a

standard abutment, which increases the flexibility of the

implant, and the complete removable dentures as oppos-

ing occlusion, reducing the bite forces.66–68 In the afore-

mentioned studies, intrusion of teeth has not been

observed. More recent studies, with longer follow-ups,

demonstrate intrusion phenomena even with rigid

connection69,70 and greater bone loss compared with

implants nonrigidly attached to teeth.69,71

DISCUSSION

There are numerous reasons that authors advocate

the joining of teeth and implants. The most common

indication is anatomic limitations in the posterior

areas, where there is insufficient bone housing for

implants.30,32 Therefore, when the implant segments are

not self-sustained, either because of inadequate number

or very short implants, it might be necessary to fabricate

a mixed prosthesis.72 Other reasons include scenarios

with failed implants with some remaining implants and

financial considerations for additional placement of

implants and surgical augmentations in order to achieve

completely implant-supported restorations. In addition,

it is thought that the tooth will provide additional

support for the restoration30 and increase the antirota-

tional resistance of the screw joint.20 Finally, in peri-

odontally compromised cases, the implants can provide

stabilization of the teeth.33,54,73

The subject is very controversial. There are three

main schools of thought. One school advocates nonrigid
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connection mechanisms to overcome this difference

in mobility.30,33,54 Another prefers a rigid connection

because of the decreased frequency of mechanical fail-

ures.31,32 The third recommends that implants and teeth

should not be connected. The most up-to-date publica-

tions show a higher need of maintenance and repair

when combining teeth and implants than the implant

free-standing solution.70,71,74

From a theoretical point of view, nonrigid connec-

tion with the matrix at the tooth side appears advanta-

geous. Biomechanically, it would allow for physiological

movement of the tooth under occlusal forces and

provide at least some support for the restoration.30

Unfortunately, clinical experience correlates this

type of connection with intrusion of the natural

tooth20,31,40–45,52,55,70,71,74 and frequent emergency

appointments.70 Intrusion reduces abutment support,

leading to an increase in cantilever stresses to the

implant and supporting bone and possibly allow migra-

tion of the opposing teeth.36 This phenomenon is not

only observed on single teeth, but sometimes even a

multiple-tooth segment may intrude.29,72 Semiprecision

attachments might be advantageous in periodontally

involved teeth compared to teeth with normal support.

One study showed intrusion only of periodontally

healthy teeth joined to implants either with a sliding

attachment or a telescopic coping. No standardized

radiographs were taken, though, to assess the potential

overload to the implants.52 However, when treatment

planning, one should bear in mind that “the implants

support the teeth and not the other way around.”75

Because of the fewer complications, a rigid type of

connection has proven to be more successful. The dif-

ferential mobility between teeth and implants is in the

range of 5 : 1, thus producing significant torque on the

implants.75 The advocates acknowledge the biomechani-

cal challenge and try to minimize it by appropriate case

selection. The periodontal support and the long-term

prognosis of the tooth must be excellent.20 The implant

system used must allow for some degree of flexibility

within its screw joint. For external hexagon implants,

the screw joint movement is comparable to a natural

tooth19,21,22,76 and there are some data indicating that the

magnitude of stresses around an implant is similar

whether or not a transmucosal abutment is used.77

Ideally, the tooth should not be immediately adjacent

to the fixture to minimize bending moments of the

joint.19,20 The design of the FPD should allow for

minimal movement in a buccolingual direction.16,19 A

histological study in the canine model shows no delete-

rious effects to the periodontium of the natural tooth,

rigidly attached to an implant.78

Nevertheless, not all problems are solved when

implants and teeth are rigidly joined. Intrusion is still

a great concern. Its occurrence ranges from 3.5 to

44%.41,42,70 Marginal bone loss is estimated to be three-

fold compared with freestanding implant restorations

and nonrigid tooth-to-implant prostheses.71 Finally,

the results of another study demonstrate a threefold

increase in late implant failure risk in comparison to

implant-to-implant and nonrigid implant-to-tooth

connection.4 Unfortunately, no statistical analysis sub-

stantiates the findings of the latter clinical trial.

The data deriving from two meta-analyses provide

the best evidence of the comparative success of free-

standing and combined FPDs.79,80 Meta-analysis of

implant-supported FPD studies demonstrates implant

survival rate of 95.4% at 5 years and 92.8% at 10 years.

The respective FPD survival rate is 95% at 5 years and

86.7% at 10 years.79 In tooth-implant-supported resto-

rations, the survival of implants is 90.1% at 5 years and

82.1% at 10 years. The survival of FPDs is 94.1% at

5 years and 77.8% at 10 years.80 Significantly higher

annual failure rate is seen with implants combined with

teeth versus freestanding implants (1.33% vs. 0.51%).

The FPD failure rates in the two studies are similar at 5

years but significantly different at 10 with 22.2% failures

in the tooth-implant group and 13.3% in the solely-

implant group. After 5 years, implant fractures total

0.4% for the implant-supported restorations and 0.9%

for the tooth-implant restorations. Intrusion is almost

entirely observed with nonrigid type of connections or

with rigid connection after fracture or loosening of the

rigid connection and is estimated at 5.2%. Finally, screw

loosening is observed in 7.3% of the implant cases and

up to 26.4% in the implant-tooth cases.

It is evident that joining natural teeth to implants is

accompanied by a wide range of adverse sequelae. Com-

plications involve both teeth and implants. Intrusion of

the natural tooth20,31,40–45,52,55,70,71,74 is very disturbing for

the patient and extremely difficult to solve for the clini-

cian. Two case reports demonstrate that partial reversal

of the intrusion is possible.20,45,58 However, the efficacy

and long-term results of such attempts are unknown.

Lack of support from the tooth, as evidenced by implant

fracture, and reintrusion are still a concern.58 Caries due
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to decementation of the prosthesis,81 root fractures,70

and periapical periodontitis74 are also described.

Regarding the implants, loss of integration, more pro-

nounced bone loss,71 fixture fracture,74,81 and technical

failures involving loose screws and loose and or frac-

tured abutments are illustrated. Implant fracture is a

catastrophic failure, having functional, restorative, sur-

gical, and emotional implications.82 There are several

reports of implant fracture when connected to a

tooth.10,74,81,82 Examination of one such implant under a

scanning electron microscope shows striations on the

surface. These are indicative of fatigue failure as a result

of unfavorable loading conditions82 and are similar to

striations found when implants were fatigue fractured

under laboratory conditions.83 In the short-term follow-

up, the potential for failure is not as apparent.84

However, in the long term, the freestanding implant

prosthesis shows significantly lower biologic and tech-

nical complications than implant-to-tooth connected

restoration.74,81

Although totally implant-supported, FPDs are more

predictable. There are instances where the clinician must

consider a restoration combining implants and teeth.

Cohen and Orenstein85 propose a solution to the

problem. A slot type nonrigid connector is used. The

difference is that the matrix is placed on the implant side

rather than the tooth side. A revision of this technique is

utilized by the authors. The following case report will

illustrate the preferred method of connection.

CASE REPORT

A 72-year-old male patient presented with a three-unit

FPD spanning from teeth #18 to 20 (Figure 2). Tooth

#18 was hemisected with poor periodontal prognosis,

and #19 was missing. Tooth #20 was restored with a

complete veneer gold crown. Radiographically, the tooth

showed good periodontal support. The radiolucency in

the periapical area of this tooth was the mental foramen,

as confirmed by computer tomography (Figure 3). The

tooth tested vital. The treatment plan consisted of

removing the molars on this sextant and placing two

implants in areas #18 and 19 in a one-stage approach. A

new single crown for tooth #20 would be fabricated.

After extraction and healing, the implants were

placed and were left to integrate with healing abutments.

Unfortunately, the patient experienced repeated implant

failures in the area of #19; this has been described as

cluster failures.86 At the impression appointment, it was

determined that implant #19 was failing. It was replaced

by a new implant, but it also failed to integrate. After this

failure, the solution was to place an implant in the third

molar position and cantilever a pontic mesially. Unfor-

tunately, this implant exfoliated as well. A fourth

attempt was made in site #19 with a similar outcome

Figure 2 Tooth #18 is hemisected with poor periodontal
support. Tooth #20 is restored with a gold crown. Note that the
mental foramen is superimposed to the apex of tooth #20. The
tooth has been tested vital before and after the treatment.

Figure 3 CT scan cut running through tooth #20. The mental
nerve exits right below its apex.
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(Figure 4, A–D). Implant #18 integrated successfully

since its initial placement. It was placed supracrestal to

the bone to avoid injury to the mandibular nerve. At 4

months after placement, the bone level was just above

the second thread of the implant (see Figure 4A), and, at

16 months, without occlusal loading, the bone remod-

eled just below the second thread (see Figure 4D). The

implant’s position was too far to the buccal. Fortunately,

this area presented no esthetic concern and therefore did

not have negative impact on the final outcome.

The treatment options were limited. A removable

prosthesis was ruled out, as a primary motivation of

treatment was to have fixed prosthesis. Cantilevering

molar #19 from single implant #18 was precluded from

a biomechanical standpoint. There was significant risk

of overloading the implant and/or the screw joint. The

patient would not accept an edentulous segment in the

area of tooth #19. The remaining option was to connect

implant #18 to tooth #20.

The design included a telescopic coping over the

tooth, a single crown over the implant and a superstruc-

ture connecting the implant to the tooth via a nonrigid

connector. The nonrigid connector was of a deep spoon-

shaped rest and rest seat type. The rest seat was prepared

on the mesial of the implant crown #18 (Figure 5). The

corresponding rest was incorporated on the distal of

pontic #19. The pontic was rigidly connected to the

superstructure (Figures 6 and 7).

From a technical perspective, the rest seat was

carved in the same path of insertion as the long axis of

the prepared tooth #20. The rest seat allowed sufficient

space, at least 1.5 to 2 mm, for strength of the patrix

and a positive contact toward the center of the crown

in order to achieve axial transfer of stresses (see

Figure 7). This contact was confirmed clinically with

the use of a polyvinylsiloxane-disclosing material (Fit

Checker, GC, Tokyo, Japan). All walls were rounded

to allow freedom of movement for the tooth-pontic

A B

C

D

Figure 4 A–D, Radiographs of four consecutive implants that were placed and subsequently failed. A, Radiograph of implant #18, 4
months after placement. The bone remodeled at the second thread of the implant. D, Radiograph of implant #18, 16 months after
placement without occlusal loading. The bone level is just below the second thread.
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piece (see Figure 5). The dimensions of the coping

and superstructure were kept to a minimal in order

to avoid endodontic therapy or an overcontoured

restoration.

The telescopic coping was permanently cemented

with resin-modified glass ionomer cement (FujiCem,

GC, Tokyo, Japan) (Figure 8). The superstructure was

cemented over the coping using a temporary zinc-oxide

eugenol type of cement (Temp Bond, Kerr, Orange, CA)

(Figures 9 and 10). At the 1-year follow-up, the bone

level appeared stable at the level of the second thread

(Figure 11).

There are multiple advantages associated with this

design. It allows retrievability of the superstructure and

subsequently of the screw-retained implant restoration.

From a biomechanics standpoint, when forces are

applied to the implant restoration, the stresses are taken

by the implant itself. Forces on the pontic site will be

distributed between the tooth and the implant, possibly

resulting in a greater movement of the tooth than that of

the implant as a result of the presence of the PDL and

Figure 5 Rest seat carved in the wax pattern to allow axial
transfer of loads and adequate strength for the rest.

Figure 6 Telescopic coping on tooth #20 and single crown with
mesial rest seat on implant #18.

Figure 7 Superstructure in place. Intimate fit of the
components of the nonrigid connector is apparent.

Figure 8 Implant-supported crown #18 delivered and torqued
to 32 Ncm. Telescopic coping sandblasted and permanently
cemented with resin modified glass ionomer cement.

Figure 9 Superstructure in place. Temporary zinc-oxide
eugenol cement was used.
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nonrigid connection between tooth and implant.

Finally, when forces are applied to the tooth, the tooth

receives no more force than a tooth-borne FPD abut-

ment. The connector allows for free movement of the

tooth under occlusal forces. This design has been used at

our institution in the few cases in which tooth-to-

implant connection cannot be avoided. Since 1990, eight

such prostheses have been fabricated. No intrusion of

teeth has been observed.

CONCLUSION

The consensus of the literature is for the freestand-

ing implant prostheses over any other means of

connection.4,20,40,42–45,55,71,72,74,80,81,87 The real cause of

intrusion remains unknown,41,43 and only speculations

have been presented. Unless the cause is determined, no

etiologic solution to the problem can be given.

Combining osseointegrated implants with natural

teeth should only be performed as a last resort. A risk-

benefit analysis and anticipated complications should

be presented to the patient and appropriate consent

obtained before the treatment plan is finalized. For these

limited cases, a design concept of joining implants and

teeth has been presented. This proposed design ratio-

nally addresses the problems of bending forces to the

implant as a result of cantilevers and intrusion of the

tooth. More importantly, it allows loads to be shared

between tooth and implant abutments, which is not the

case in other designs. This concept takes into consider-

ation both issues of natural tooth intrusion and implant

overloading.
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