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Abstract One of the considerable challenges for screw-

retained multi-unit implant prosthesis is achieving a pas-

sive fit of the prosthesis’ superstructure to the implants.

This passive fit is supposed to be one of the most vital

requirements for the maintenance of the osseointegration.

On the other hand, the misfit of the implant supported

superstructure may lead to unfavourable complications,

which can be mechanical or biological in nature. The

manifestations of these complications may range from

fracture of various components in the implant system, pain,

marginal bone loss, and even loss of osseointegration.

Thus, minimizing the misfit and optimizing the passive fit

should be a prerequisite for implant survival and success.

The purpose of this article is to present and summarize

some aspects of the passive fit achieving and improving

methods. The literature review was performed through

Science Direct, Pubmed, and Google database. They were

searched in English using the following combinations of

keywords: passive fit, implant misfit and framework misfit.

Articles were selected on the basis of whether they had

sufficient information related to framework misfit’s related

factors, passive fit and its achievement techniques, mar-

ginal bone changes relation with the misfit, implant

impression techniques and splinting concept. The related

references were selected in order to emphasize the impor-

tance of the passive fit achievement and the misfit

minimizing. Despite the fact that the literature presents

considerable information regarding the framework’s misfit,

there was not consistency in literature on a specified

number or even a range to be the acceptable level of misfit.

On the other hand, a review of the literature revealed that

the complete passive fit still remains a tricky goal to be

achieved by the prosthodontist.
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Introduction

In implant supported prostheses, reduced stress along the

implant and surrounding bone is a desired feature. This

could be possible through a passive fit of the prosthesis’

superstructure on the implant abutments [1]. The passive fit

of implant supported prostheses to the underlying struc-

tures is fundamental for successful and survival of the

osseointegrated prosthesis [2, 3]. Any misfit of the frame-

work to the osseointegrated implants, clinically detectable

or not, is believed to induce internal stresses in the pros-

thesis’ framework, the implants, and the bone surrounding

the implant [4]. Certain biologic tolerance for the misfit

between the prosthesis and the implant does present [5].

However, the quantifiable level of this misfit without

adverse biomechanical problems could be difficult to be

determined [6].

Generally, implant-supported fixed prostheses comprise

screw retained and cement retained superstructures. A

passive fit is more complex and difficult to achieve for a

screw-retained implant superstructure especially with

multi-unit implant supported prostheses [1]. Contributing

factors to this problem could be distortion of impression

material, dental stone and metal castings. On the other
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hands, cement retained implant prostheses have the

potential for being passive because of the die spacer which

can provide around 40 lm cement space [1, 7]. which can

compensate for superstructure distortions and provide a

more passive fit.

Randy et al. [8] has demonstrated a significant

improvement in passive fit of cement retained prostheses

compared to screw retained prostheses’ distortions. The

lack of fit passivity of screw-retained superstructures may

lead to greater stress concentrations around the implants in

comparison to cement retained prostheses. It is therefore,

essential to optimize the prosthesis fit by optimizing the

prosthesis fabrication steps.

Materials and Methods

Electronic searches were performed in November 2010 from

Science Direct, PubMed, and Google database with combi-

nations of the key words passive fit, misfit and splinting. The

publication year limit option was not used. The key words

were typed in different combination with (dental implant).

As a result 1,435 and 196 articles were found in Science

Direct and PubMed, respectively. The found articles’

abstracts were retrieved and screened autonomously to

evaluate their eligibility for selection in this literature

review. They were sorted based on the following inclusion

and exclusion criteria. To be included the article had to be

published in an English peer-reviewed journal and it should

contain sufficient information related to; (1) the framework

misfit’s related factors 2-passive fit and its achievement

techniques, (3) the misfit related marginal bone changes (4)

implant impression techniques accuracy. The exclusion

criteria were the followings: the reports which simply

describing a particular material or technique, and structur-

ally incomplete articles such as abstracts only.

Results

The electronic search in databases (Science Direct, Pub-

Med, and Google databases) provided more than 1,400

titles and abstracts that were relevant to the dental implant

superstructure passive fit/misfit. The complete text of 300

articles was retrieved and subjected to close scrutiny.

Throughout this procedure, 256 articles were excluded.

Eventually, 44 articles were selected, three articles [5, 15,

16] reporting on the misfit related marginal bone changes

were selected, 37 articles [2–4, 10, 12–14, 17–24, 26–32,

34–40, 42–49] reporting on the framework misfit’s related

factors, passive fit and its achievement techniques and

implant impression techniques accuracy. Four articles

[6, 11, 25, 33] were reviews.

Discussion

The Passive Fit

Although there is no actual definition to highlight the

meaning of passive fit clinically, the superstructure of the

screw retained implant-supported prosthesis can be con-

sidered passive if it does not generate static loads and

strains within the prosthesis or in the surrounding bone

matrix [9–12]. Jemt [4] defined the passive fit as a level of

fit which will not produce or cause any long-term clinical

problem.

Why Should the Clinician Achieve the Passive Fit

Unlike the natural teeth which can move in their sockets

about 100 microns, the implant has limited range of

movement around 10 microns [2]. Thus, the misfit in case

of implant-supported prosthesis will be more destructive in

contrast to the teeth-supported prosthesis (Fig. 1). And

therefore, the passive fit achievement is a prerequisite for

the survival and the successful long-term osseointegration

[6].

Generally, the framework misfit may lead to mechanical

and biological complications. Mechanical problems can be

manifested as loosening of the prosthetic retaining screws,

locking or fracturing of the abutment’s screw and fracture

of various components in the system, which can be referred

to a delayed component failure. On the other hand, bio-

logical complications may range from pain, tenderness,

marginal bone loss, and even loss of osseointegration [6].

Flow diagram in Fig. 2 correlates the misfit of implant

superstructure framework to the biologic and mechanical

implant complications.

Fig. 1 Misfit of the implant supported prosthesis
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The Mechanical and Biological Tolerance

Mechanical or machining tolerance is defined as the dif-

ference in rest positions (horizontal shift) between the

components when these components are held in place by

their respective fastening screws. This can be considered as

a source of misfit, which can range from 22 to 100 microns

[13].

Kim et al. [14] studied the machining tolerance of the

implant components, and found a machining tolerance of

31.1 ± 15.5 lm between the abutment and the impression

coping and the value of 30.4 ± 15.6 lm between the

impression coping and the abutment replica. These two

values combined will give more than 61 microns of

machining tolerance for single abutment.

Some authors suggested that the machining tolerance

could help minimize the final distortion. At the delivery

stage, the machining tolerance between the final framework

and the intraoral abutments can make the passive fit

achievable. Passive fit can occur if the machining tolerance

was more than or equal to the final distortion [13].

The biological tolerance is the capability of the bone

surrounding the implants to withstand and tolerate the

stresses distributed along the implant-bone interface,

without any further clinical complications. Roberts et al.

[15] showed that remodelling of bone around the implants

does occur. Michaels et al. [16] used a white rabbit tibia

model to assess the implant-supported framework’s misfit.

They found that despite the remodelling of the bone around

the implant was obvious, there was no significant clinical,

histomorphometric, or radiographic proof of implant-

osseointegration failure. Another study by Jemt and Book

[5] studied the prosthesis’ misfit and tried to correlate it to

the marginal bone loss in edentulous implant, and they

found three-dimensional distortions ranged between 91 and

111 lm. However, they could not correlate between this

misfit and the observed marginal bone loss around the

implant. Therefore, the results of these studies indicate that

there is a biological tolerance to the misfit of the prosthesis.

Acceptable Levels of Misfit at the Implant–Abutment

Interface

Several studies attempted to define the misfit numerically,

but there was no definite agreement to quantify the

acceptable level of the misfit [6]. The first person to

quantify the passive fit of implant framework was Brane-

mark [9] who stated that the misfit should be not more than

10 microns. While Klinberg and Murray [17] stated that

30 lm gap at the implant–abutment interface will be

acceptable if it is not including more than 10 % of the

circumference. More recently, Jemt [4] stated that a misfit

around 150 microns will be acceptable, and he introduced

the screw resistance test. Jemt stated that the passive fit can

be achieved by screwing extra one half turn. Actually, this

technique is applicable only in the implant systems where

the thread pitch of the abutment screw is 300 lm, such as

Nobel Biocare prosthetic screw. Therefore, by turning the

screw an extra one and a half turn the clinician can gain

other 150 microns. However, this might not be true for all

implant systems as prosthetic screws are not designed

similarly [6].

Evaluating the Implant Framework Misfit Clinically

Kan et al. [6] proposed several clinical assessment methods

to evaluate implant framework misfit. (1) The alternate

finger pressure the clinician should evaluate the rocking of

the prosthesis and watch for any saliva bubbling around the

misfit gap. (2) Direct vision and tactile sensation where the

clinician uses the tip of an explorer to verify the marginal fit.

This technique is limited by the size of the explorer tip. A

brand new explorer tip is around 60 microns. (3) Radio-

graphs the drawback, it can be overlapped or superimposed

Fig. 2 Flow diagram correlates the misfit to the biologic and mechanical implant complications
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and depends on the angulations. (4) The Sheffield test (the

one screw test) one screw will be tightened at one end of the

framework and then the discrepancies observed at the other

terminal screw. (5) Screw resistance test starting with the

implant closest to the midline, the screws were tightened one

by one until the initial resistance was met at one of the

screws, if that screw needed more than extra half a turn to

achieve the optimum screw seating, the framework is con-

sidered misfit. (6) Disclosing media and others such as the

fit checker, pressure indicating paste and disclosing wax.

They can be used in the case of supragingival and subgin-

gival margins. (7) 3-Dimensional quantifying systems such

as coordinate measuring machine, which can be used only

extra-orally, and 3-D photogrammetric that can be used

intra-orally. These systems can evaluate discrepancies to the

nearest 10 lm. However, Kan et al. [6] concluded that none

of these methods was truly reliable on its own, and sug-

gested using them in combinations to achieve objective

results.

The Distortion Equation and its Relationship

to the Misfit

The implant superstructure misfit is a result of accumula-

tive distortions during the whole procedure of final pros-

thesis fabrication, and this is called distortion equation,

theoretically, the passive fit can be achieved if the sum-

mation of this distortion equation was zero [11].

The distortion equation includes the following clinical

and laboratory procedures and their contributing factors

[6, 11]: (1) Impression procedure contributing factors are

mandibular flexure, impression technique/material, and

machining tolerance of the impression copings. (2) Master

cast fabrication contributing factors are machining toler-

ance of the implant replica, master cast pouring technique,

and die materials used. (3) Wax pattern fabrication con-

tributing factors are machining tolerance between the

abutment replicas and gold cylinders, and the wax distor-

tion. (4) Framework fabrication contributing factor is the

conventional casting distortion. (5) Definitive prosthesis

fabrication: contributing factor is Addition of acrylic or

porcelain. (6) Definitive prosthesis delivery contributing

factors are machining tolerance, fit detection variability

between clinicians, and the mandibular flexure (Fig. 3).

The Impression Procedure as an Affecting Factor

The implant impression accuracy depends on several fac-

tors. These include the impression material, impression

technique, the implant angulations and the number of

implants. The impression technique itself depends on

whether it is a direct or indirect method, splinted or non-

splinted, and on the design of the impression coping.

The Implant Impression Material Types and Properties

There is an inevitable, inherent discrepancy in the implant

impression, which was quoted in the range of 50 lm [18–20].

One of the factors related to this inherent discrepancy is the

shrinkage and contraction of the impression material due to

the cross-linking and rearrangement of the polymer chains.

Further shrinkage can occur due to loss of volatile constituents

and by-products. The expansion will also occur if there is

water sorption [21].

Several impression materials have been used for multi-

unit implant impression; the most commonly described

were addition silicone and polyether impression materials.

This can be correlated to their improved accuracy [19]. The

implant impression material should exhibit an appropriate

resiliency not to be deformed by the undercuts, and at the

same time, it should be rigid enough to prevent the implant

components from movement during the cast pouring pro-

cedure [21]. Many researchers found no significant differ-

ence in terms of dimensional accuracy between polyether

and addition silicon impression materials [12, 22–24].

Sorrentino et al. [12] demonstrated that both polyether

and addition silicone impression materials produced simi-

larly accurate casts. However, in the presence of parallel

implants, polyether impression material performed better in

terms of accuracy. On the other hand, addition silicone

impression material produced better accuracy in cases

where angled implant situations were simulated. Lee et al.

[19] also found that addition silicone was more accurate

than the polyether in situations where the implants were

placed at deeper sub gingival levels.

Fig. 3 Flow diagram describes the distortion equation and its

components
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The Impression Tray

The customized tray can provide an impression with uni-

form thickness making it superior and more appropriate

than a stock tray particularly in implant cases [25]. Burns

et al. [26] compared the accuracy of customized tray to

stock tray, and found that the impression taken with the

customized tray was significantly more accurate. They

postulated that the customized tray was more rigid than the

stock tray, and at the same time, the impression material

was uniformly distributed within the customized tray

unlike the stock tray. However, Shen [27] stated that, with

polyether and addition silicone impression materials, the

customized tray was not that crucial, as these elastomeric

materials were inherently rigid, and they exhibit dimen-

sional stability, that allows the use of the stock tray without

much distortion.

The Implant Angulation, Number and Impression Level

Several authors reported that as the angulation of the

implant increases the accuracy of the impression decreases

[12, 18, 28]. Implant impression accuracy has also been

shown to be inversely affected by the number of the

implants, and this was thought to be due to increased dis-

tortion and deformation on removal of the impression

[12, 18]. Conrad et al. [29] reported that the acceptable

angulation of the implant that will not have an adverse

effect on the impression accuracy was around 15�. They

also demonstrated that impression accuracy has as well

been shown to be inversely affected by number and

angulation of the implants.

The implant impression can be at the abutment or

implant level. The implant level impression is preferred in

the aesthetic zones and reduces the number of treatment

visits. However, Daoudi et al. [22] reported that, in case of

implant level impressions, more inaccuracy may be intro-

duced. They postulated that the implant head is compara-

tively small, with short axial walls, and it lies relatively far

away from the occlusal plane, that all could lead to various

movements such as rotational movements, axial inclina-

tions, and as a result, seating inaccuracy may occur.

The Impression Coping

The impression copings are mainly supplied in tapered or

squared shapes. It has been reported that modification of

the coping surface could enhance the accuracy of the

impressions [30–32], modifications such as airborne parti-

cle abrasion of the copings and coating the copings with the

compatible adhesive. It was hypothesized that roughing or

adhesive addition to the external surface of the copings

could reduce the micro-movement of coping, and therefore,

minimizing the discrepancy of the impression.

Sorrentino et al. [12] studied the effect of the impression

coping length on the dimensional accuracy of implant

impression. They found with polyether impression mate-

rial, longer coping was more accurate than short coping.

On the other hand, with addition silicone impression

material short coping was more accurate than the longer

coping, particularly in case of non-parallel implants.

The Implant Impression Techniques

Two main implant impression techniques are used for

transferring the intra-oral spatial relationship of the

implants to the working cast. One impression technique is

the direct open tray technique uses an open tray, a custom

tray that contains windows exposing the impression cop-

ings. The other impression technique is the indirect tech-

nique uses closed tray.

Direct technique is also called the pickup impression

technique; in this technique, the top of the impression

coping screw (commonly square shape) is exposed and

accessible. The impression copings are unscrewed to be

retrieved along with the impression tray once the impres-

sion set [33]. The advantages of this technique is that there

will be no concern for repositioning the copings, the

angulations of the implants, and the copings do not deform

the impression material upon retrieving. However, there

could be a high chance of rotational discrepancy when the

screws are fastened to connect implant replica to the

impression copings [11, 22, 28, 29].

The indirect technique is also called the repositioning

technique, in this technique, conical or tapered copings are

connected to the implants/abutments before the impression.

Closed trays are used. In contrast to the direct technique,

the impression copings stay connected to the implant once

the impression tray is retrieved, after then these copings

will be unscrewed from the mouth and connected to the

implant replica. This coping-implant replica assembly will

be repositioned into its respective position within the

impression [19].

In some situations, the indirect closed tray is preferred to

direct open tray techniques, such as in cases of gagging,

limited inter-arch space and in cases where access to the

posterior region is limited. The advantages of this tech-

nique; it is easier as it resembles the conventional

impression technique and the replica to copings fastening

would be visualized directly. However, the impression

material recovering from angled implants will be difficult,

and there will be a high chance of impression deformation.

Impression copings need to be carefully repositioned and

correctly oriented back at their respective sites [28, 29].
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Snap-fit (press fit) plastic impression, has been devel-

oped and suggested to be used with a close tray technique.

The snap-fit procedure is best described as a mix between

the two pick-up and closed tray techniques. In this closed

tray technique, the direct transfer coping snaps on to the

top of the implant/abutment intra-orally. Once the

impression has set, the snap-fit coping became fixed in the

impression material. On retrieving the set impression from

the mouth, the snap-fit coping would be pulled off of the

implant/abutment. Akca and Cehreli [34] compared the

snap fit (snap on) technique using a stock tray and the two

direct and indirect techniques using custom trays, and

found that the snap fit technique was similar in terms of

accuracy to the direct technique.

The Accuracy of the Direct and the Indirect Techniques

Several authors studied and compared the accuracy of

direct and indirect techniques; some found that the direct

technique was more accurate than the indirect one [18, 28,

35, 36]. Others demonstrated that the indirect technique

was more accurate than the direct ones [37, 38]. While the

rest found no statistically significant difference between

both techniques [22, 29, 39–41].

A systematic review by Lee et al. [33] concluded that,

in situations where there are three implants or fewer, no

significant difference between the direct and the indirect

techniques were observed, while in case of more than three

implants, the direct technique was found to be more

accurate.

The Splinting Concept

Branemark [9] was the first one to introduce the splinting

of impression copings during impression procedure using

rigid material, to stabilize and prevent the rotational, hor-

izontal and vertical movement of the impression coping.

Since then, various splinting techniques and materials used

to hold rigidly the impression copings have been studied.

Various materials have been used to act as a splinting

material. The most common one was the auto-polymerizing

acrylic resin. Branemark [9] reported that application of

Duralay acrylic resin to an adapted orthodontic wire, steel

pin, or a dental floss in between the copings could be used

for implant impression. Assif et al. [3] splinted the copings

directly to the custom tray with the auto-polymerizing

acrylic resin.

The application of auto-polymerizing acrylic resin as a

splinting material had been reported in several studies [2, 3,

18, 31, 32, 35–37, 39, 41–44]. However, according to

Mojon et al. [45] and Hsu et al. [46] this material has the

disadvantage that can interfere with its dimensional sta-

bility. The autopolymerizing acrylic resin can shrink up to

7.9 % in the first 24 h, 80 % of this shrinkage appears

within the first 17 min of mixing. Furthermore, the greater

the mass of the Duralay acrylic resin, the greater the

inaccuracy of the resultant impression [46].

Spector et al. [42] reported that the residual stresses

within the set auto-polymerizing acrylic resin could be

released when the impression is retrieved, leading to

inaccuracy of the copings-implant relationship transfer. To

overcome these problems, the following suggestions have

been made [36, 43, 44]: (1) allow the material to set for

17 min before impression making, to avoid the shrinkage

error, (2) minimizing the mass of splinting resin material

by making silicone index for its fabrication, (3) sectioning

the fabricated acrylic resin splint between the copings with

a thin disk, and then rejoining the sectioned pieces together

again with the incremental or bead-brushing techniques.

Some authors used the dual cured acrylic resin in an

attempt to overcome the problem with splinting material

shrinkage [14, 47]. David Assif [47] found that the dual-

cured acrylic resin was significantly less accurate than the

Duralay auto-polymerizing acrylic resin, and correlated

that to incomplete polymerization of the dual-cured acrylic

resin, there will be 25–45 % of the chemical bonds stay un-

reacted even after 24 h of curing. The intensity and the

direction of the light source may also have an adverse

effect on the adaptation of the dual-cured acrylic resin to

the copings.

The plaster impression was another material used as

splinting material. [47, 48] Plaster could also be used for

implant impression splinting particularly in edentulous

cases but this material is limited to the situations where no

anatomical limitations or undercuts [47].

Several studies have been conducted to study and

compare between using and non-using splinting technique

in implant impressions. Some workers found that splinting

techniques were more accurate than the non-splinting ones

[2, 18, 31, 41, 49]. While some others found the non-

splinting technique was more accurate than the splinting

techniques [35, 43, 44]. Other studies showed no signifi-

cance statistically between both techniques [14, 32, 36, 39,

42, 46]. These different results could be related to the

different methodology, materials, and operators’ factors.

Conclusion

The clinical and laboratory procedures in implant prostho-

dontics are many and demanding. Each stage may lead to a

positional distortion and misfit. This misfit sometimes can be

tolerated by the surrounding bone without adverse biome-

chanical complications. However, this tolerability has yet to

be quantified and precisely determined. Thus, improving and

optimizing the distortion equation components should help
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in reducing the end misfit of the implant superstructure.

Many strategies were introduced to improve the implant

superstructure fit; some were targeting the impression pro-

cedure, master cast fabrication, and framework construction.

Others were targeting the definitive prosthesis delivery.

However, a review of the literature revealed that the com-

plete passive fit still remains a difficult goal to be achieved.
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