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An important objective in implant dentistry is to
achieve an optimal prosthesis fit to minimize bio-

logic or mechanical complications. The unavoidable

discrepancy between the implant and framework in-
duces stress in the restoration, implants, and the sur-
rounding bone. 

Biologic complications may include adverse tissue
reactions, pain, tenderness, marginal bone loss, and
the possible loss of osseointegration.1,2 Previous re-
ports indicated that biologic implant failure is not re-
lated to the misfit of the prostheses.3,4 Jemt and Book4

reported that a certain biologic tolerance for misfit
may be present and is clinically acceptable with regard
to marginal bone loss.

Despite the fact that a relationship between biologic
implant failure and prosthesis misfit has not been con-
clusively demonstrated,4–6 mechanical complications
such as loosening of prosthetic screws or fracture of
components have been frequently reported in dental
implant therapy.7–10 Factors that may lead to screw joint

Purpose: This prospective clinical trial investigated the effect of different fabrication
techniques on screw-joint stability in implant-retained frameworks. Materials and
Methods: Seventy-nine dental implants (39 Brånemark System and 40 Straumann)
were inserted into 20 patients with an edentulous mandible. One of two fabrication
techniques was randomly chosen as a definitive restoration, either a cast bar or a bar
superstructure modified with the Cresco Ti Precision (CTiP) technique. The patients
were divided into four groups depending on the type of implant and prosthetic
superstructure: Straumann-conventional (Sc), Straumann-Cresco (SCr), Brånemark-
conventional (Bc), and Brånemark-Cresco (BCr). Initial torque values and removal
torque values were recorded with a custom-made digital torque controller both 1 week
(T1) and 3 months (T2) after clinical function. Results: Statistical analysis revealed
significant differences in absolute detorque values at T1 (P = .002) with 4.51 Ncm (SD
= 3.80) for the Sc group, 10.65 Ncm (SD = 4.42) for SCr, 11.24 Ncm (SD = 4.00) for
Bc, and 9.02 Ncm (SD = 3.81) for BCr. At T2 (P = .000) the median values of lost
torque were 5.08 Ncm (SD = 4.05) for the Sc group, 10.51 (SD = 3.00) for SCr, 7.50
(SD = 5.86) for Bc, and 9.41 Ncm (SD = 4.54) for BCr. However, when correlation of
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25.33% (SD = 10.69) and 27.83% (SD = 12.57) for the Sc, SCr, Bc, and BCr groups,
respectively. Conclusions: The screw-joint stability of passivated bars is not superior
to cast superstructures. A general decrease of approximately 30% of initial torque
values can be expected in clinical situations, independent of the implant system used.
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instability are the misfit of implant-supported pros-
theses,11 inadequate tightening force,12,13 screw set-
tling, and the diversity in screw material and design.13,14

Due to inaccuracies concerning clinical and labora-
tory procedures, achieving a passive fit is clinically un-
attainable.15 Conventional impression procedures
create a risk for error in the production of the final mas-
ter cast.16 One future possibility could be photogram-
metry in conjunction with computer numerically
controlled (CNC) milling techniques to eliminate any
transfer errors.17,18 Dimensional changes of the su-
perstructure are related to the mixing ratio of the in-
vestment and casting technique.19,20

Several methods to improve casting accuracy and
framework fit have been described.21–24 The most
common way to correct misfit of a gold alloy frame-
work is by sectioning and soldering, even if this
method does not lead to an absolutely passive fit.25

The spark erosion technique can improve the fit of cast
titanium or gold alloy prostheses.21,26 Eisenmann et
al21 reported mean gap widths of 31.63 µm for titanium
frameworks and 12.72 µm for gold alloy frameworks
prior to spark erosion. After spark erosion treatment,
these widths reduced to 7.58 µm and 6.20 µm, respec-
tively. The computer-aided design/computer-assisted
manufacturing (CAD/CAM) milling technology in den-
tistry has evolved over the past 2 decades to improve
framework fit for both natural teeth and implants.27–29

Gap distances between gold alloy castings and the
implant abutment of 42 to 74 µm, and 25 µm for
Procera-machined and laser-welded superstructures,
are described by Jemt and Lie24 and Riedy et al.30

Furthermore, the three-dimensional (3D) distortion of
cylinders in CNC-milled titanium frameworks and gold
alloy castings varies from 3 to 80 µm.23 The level of a
clinically acceptable fit of implant frameworks has
been reported in the range of 10 to 150 µm.24,31

The Cresco Ti Precision (CTiP) method uses a con-
ventional lost wax casting technique for titanium or
gold alloy framework fabrication. In the second step,
the cast framework is retained with plaster in a fixa-
tor, preserving the vertical and horizontal relationship
between the master cast and framework. Prefabricated
plastic cylinders for casting or machined titanium
cylinders consistent with the implant system are
screw-tightened to implant analogs in the master cast
after framework retention. In the final step, the frame-
work legs and cylinders are cut exactly in the same
predetermined horizontal plane and assembled by
laser-welding.22 This approach permits an abutment-
free fitting superstructure regardless of dental alloy for
most implant systems on the market.22,32,33 Divergence
between implants up to 90 degrees can be compen-
sated without the use of abutments, thus reducing the
cost to patients. The result of a photoelastic experiment

described by Helldén and Dérand22 demonstrated a re-
duction of stresses in bone-model resin when passi-
vated frameworks were mounted on the implants.
Despite lacking absolute values of gap reduction be-
tween framework and implants by the CTiP method, a
passivation of the framework to implant analogs in
master casts is notable.34

Acceptable fit and correct torque values are essen-
tial for optimum preload and long-lasting screw-joint
stability without loosening or breakage.11,35 Proper pre-
load will maximize the fatigue life of the screw while of-
fering a reasonable degree of protection against
loosening.36 No clinical results comparing loss in pre-
load of superstructures passivated by CTiP to conven-
tional casting are available. 

The purpose of the present study was to compare the
screw-joint stability after clinical function between
CTiP frameworks and conventional nonpassivated cast-
ings. It was hypothesized that passivated frameworks
(CTiP) display a reduced loss in torque values when
compared to cast bars.

Materials and Methods

The prospective randomized clinical investigation was
conducted at Dental Clinic 2 – Prosthetic of the
Friedrich-Alexander University Erlangen-Nuremberg.
Patients were recruited from the interdisciplinary den-
tal implant clinic, and two experienced surgeons and
prosthodontists conducted the implant treatments.
Inclusion criteria were as follows: must be at least 18
years old with a totally edentulous mandible, must have
requested an implant-retained removable prosthesis,
must possess no need for augmentation before implant
placement, and must be physically and psychologi-
cally appropriate for implant therapy. Exclusion criteria
included the presence of untreated periodontal disease
in the maxilla, the presence of systemic diseases, pa-
tients irradiated in the head or neck region within 12
months before surgery, severe parafunctional habits
(eg, bruxism), and poor oral hygiene and motivation.

All patients were asked to participate in the study,
which was approved by the ethical committee of the
FAU (no. 3084), and patients signed an informed con-
sent form.

In the maxilla, 10 patients had a complete denture,
six had a removable partial prosthesis on natural teeth,
and two had a removable implant-supported prosthe-
sis. Two patients had fixed partial dentures on natural
dentition. 

Twenty patients with an edentulous mandible were
consecutively treated with four intraforaminal implants.
The implants (Brånemark System, Noble Biocare;
Standard Implant, Straumann) were placed in the re-
gion of the first premolar and second incisor at both
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mandible sites and healed submerged for at least 3
months. The Straumann and Brånemark groups con-
sisting of 10 patients each were randomly divided into
two sub-groups of five participants. These subgroups
received either conventional or passivated CTiP bar su-
perstructures (Figs 1 and 2). One patient of the
Brånemark conventional group lost an implant during
the healing period, and the bar was mounted on three
implants. Custom impression trays were fabricated
using light-curing resin plates (Palatray XL, Heraeus
Kulzer). After insertion of the implant impression cop-
ings, a polyether (Impregum Penta, 3M ESPE) was
used for the pick-up impression (open-tray technique).
The implant laboratory replica was attached to the
copings and a master cast with a silicone gingival cuff
was fabricated.

For conventional bar fabrication on Straumann im-
plants, SynOcta abutments (1.5 mm in height) were ap-
plied. Any other bars were shaped directly at the implant
level. Rotation-symmetric, machine-made gold cylin-
ders were embedded into the framework wax-up in the
conventional Straumann (Sc) and Brånemark (Bc)
groups. After embedding, pressure die casting was per-
formed with a reduced gold alloy (61 Z6, Teamziereis). 

For the passivated bars in the Straumann-Cresco
(SCr) and Brånemark-Cresco (BCr) groups, plastic
cylinders were screw-tightened on the implant analogs
and wax-up and casting of the bars with a reduced gold
alloy (61 Z6) was completed. Additionally, prefabri-
cated plastic cylinders consistent with the implant sys-
tem were embedded and cast with the same alloy. The
master cast with the attached framework was then
mounted in a fixator and the framework was dipped in
plaster in a fixed vertical and horizontal position. The
framework unit was separated from the master cast
and the cast cylinders with identical surfaces to the im-
plants were tightened to the implant analogs. These
cylinders and the corresponding framework legs were
cut in the same horizontal plane and assembled by
laser-welding, resulting in a superstructure with a pas-
sivated fit to the analogs. Manufacturing of both types
of frameworks was accomplished by one accredited
dental laboratory.

Prior to placement of the conventional bars on
Straumann implants, the SynOcta abutments were
tightened using 35 Ncm. This joint was not solved
throughout the entire term. 

A custom-made electronic torque wrench with strain
gauges and a precision of 0.1 Ncm was used to tighten
the abutment screws. The torque wrench was con-
nected to a computer to record the data using custom-
made software.

Except for the bars of the Sc group, which were
screwed on using 15 Ncm at the abutment level, all
other bars (Bc, SCr, and BCr) were directly screwed
with 35 Ncm to the implants. In the SCr and BCr groups,
screws with a slotted head made of titan grade V were
applied. The titan grade V screw for the Bc group had
an internal hexagon slot as well as a titan grade IV
screw, which joined the bars in the Sc group to the
SynOcta abutments (Fig 3). Prior to definitive tighten-
ing, the bolts were screwed once and released to
smooth the mating surfaces. Loosening torque was
measured both 1 week (T1) and 3 months (T2) after in-
sertion of the prosthetic superstructure, and the screws
were retightened to recommended values.

All statistical data were processed with SPSS 14.0 for
Windows. The differences in reduced torque were com-
pared using the Kruskal-Wallis nonparametric test at
a significance level of .05. Due to varying recommended
torque values depending on the system used, the per-
centage of lost torque was assessed for each system
in addition to the absolute values of lost torque.

Results

All patients completed the study and the loosen–
ing torque of 79 prosthetic retaining screws was
assessed. The patients of the test groups, Straumann-
conventional (Sc), Straumann-Cresco (SCr), Brånemark-
conventional (Bc), and Brånemark-Cresco (BCr),
presented different median detorque values (Table 1).
The detorque values for the test groups showed sta-
tistically significant differences for both T1 and T2 ob-
servation periods (P = .002 and P = .000, respectively)
(Figs 4a and 4b), according to the Kruskal-Wallis test.
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Fig 1 Cast bar of a Cresco group pa-
tient. Note screw heads with the slot. 

Fig 2 Removable denture of a Cresco
group patient on the day of insertion.

Fig 3 Prosthetic screws (from left to right:
Cresco, Brånemark, Straumann).
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The smallest loss in absolute detorque values 1 week
after insertion was in the Sc group, which showed a
median of 4.51 Ncm. By comparison, the Bc group
showed the greatest absolute reduction in torque val-
ues, with a median of 11.24 Ncm (Table 1).

After 3 months (T2), the Sc group again presented
the lowest decrease in absolute detorque values (me-
dian: 5.08 Ncm). 

However, when assessing the percentage of lost
torque for the different groups with respect to the dif-
ferent initial torque values, no statistically significant
differences for time or system were found (Figs 5a and
5b). At T1, the median values for the percentage of lost
torque were 28.60% for Sc, 30.04 % for SCr, 32.11% for
Bc, and 25.33% for BCr (P = .849). Three months after
insertion of the prostheses, the median values for the
percentage of lost torque were 32.85% for Sc, 30.80%
for SCr, 21.03% for Bc, and 27.83% for BCr  (P = .058)
(Table 2).

Discussion

The purpose of the present study was to assess the
screw joint stability of CTiP passivated frameworks
after clinical function compared to conventional non-
passivated castings. 

In the literature, in vitro studies without loading the
implant abutment connection report loosening torque
values ranging from 70% to 90% of initial tightening
torque.13,37–39 In a clinical situation, mastication-
induced forces are transferred through the prosthesis
onto the implant and the bone40; also, the screw joint
is loaded and preload forces may decrease.

Taking into account the different torque values of 15
Ncm versus 35 Ncm of the prosthetic screws, the per-
centage of lost torque was assessed and preferred
over the absolute values of lost torque. In the present
clinical study, percentage of lost torque ranged from
21.03% to 32.85%. This is in accordance with other in
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Table 1 Median Values of Lost Torque of All Implant
Groups Both 1 Week (T1) and 3 Months (T2) After
Reconstruction

T1 T2

Median (Ncm) SD Median (Ncm) SD

Sc 4.51 3.80 5.08 4.05
SCr 10.65 4.42 10.51 3.00
Bc 11.24 4.00 7.50 5.86
BCr 9.02 3.81 9.41 4.54

SD = standard deviation.

Table 2 Median Values of the Percentage of Lost
Torque of All Implant Groups Both 1 Week (T1) and 3
Months (T2) After Reconstruction

T1 T2

Median (%) SD Median (%) SD

Sc 28.60 21.80 32.85 24.65
SCr 30.04 12.49 30.80 8.66
Bc 32.11 11.37 21.03 16.35
BCr 25.33 10.69 27.83 12.57

SD = standard deviation.
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vitro studies.13,37,38 Stress on the screws induced by
masticatory forces after short-term clinical service
seemed to be within the elastic range, because no fur-
ther torque was lost additional to in vitro results with-
out putting a strain on the joint where detected.13,37,38

No statistically significant differences concerning the
median percentage in lost torque for the groups at T1
and T2 were detected. For each observation period,
equivalent percentages of lost torque values were de-
tected. Therefore, the working hypothesis proposing
that screw-joint stability of CTiP frameworks after clin-
ical function would be superior to conventional non-
passivated castings was disproved, and instead, the
passivated superstructures did not show superior re-
sults compared to the conventional cast bars. These
findings are in accordance with Hjalmarsson and
Smedberg, whose clinical retrospective study of pros-
thesis retention screw stability of Cresco frameworks
did not yield superior results compared to conven-
tional castings.35 

The passivation of prosthetic superstructures is a
critical clinical goal since severe discrepancies be-
tween the implants and superstructure may lead to me-
chanical failures of the restoration, implants, or biologic
complications of the surrounding tissues.31,41 Excessive
mechanical stress could lead to failures, including loos-
ening of the prosthetic and abutment screws or frac-
ture of various system components.42,43 Since a master
cast is the basis for the CTiP technique, absolute pas-
sive fit is not possible. However, frameworks fabri-
cated with the CTiP technique are proclaimed to be of
better fit compared to conventional castings.22,34,44

In any laboratory joining technology, whether laser-
welding or soldering, attention must be paid to the in-
terface. Even though finite element (FEM) analysis

suggests that a 0.64-mm-thick laser-weld joint ex-
hibits enough strength to withstand biomechanical
stress factors, it is a weak point over time since maxi-
mum stresses are concentrated at the framework-weld
interface.45,46 Throughout this examination, no frac-
ture of the superstructures in either group took place.

One-piece casting results in extremely stable re-
constructions and offers the benefit of reducing the risk
for fracture of the frameworks compared to welded
frameworks.47,48 However, adequate precision of the
one-piece full-arch implant framework is not easily at-
tainable when applying the lost wax technique.49 To
correct an unacceptable fit of gold alloy castings, they
must be sectioned and soldered many times. Some au-
thors disprove a better fit of fixed partial dentures
(FPDs) after such proceedings.25,47 In addition, the ten-
sile stress at the solder joint accounts for failure, mainly
at the distal cantilever extensions of bars.50 In the pres-
ent study, no bars required separating and joining.

When inserting implant-retained restorations, using a
torque controller instead of manual tightening is a
mandatory requirement to obtain the optimal preload.
Hand tightening does not result in adequate forces of the
implant components.51 To obtain comparable preload
values in this study, a calibrated torque device was used.
Component fit, lubrication, the applied torque, and its ve-
locity influence the coefficient of friction. Therefore, the
torque was applied in a steady and repeated manner.39

To reduce microroughness of the mating surfaces, in-
crease the preload, and minimize settling effects of the
screw joint, the screws were screwed once and released
prior to definitive tightening. After repeated tightening
and loosening cycles, friction decreased and preload
increased.13,39 Component fit and precision also influ-
enced the attainable preload. The use of prefabricated
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cylinders offers an advantage over plastic patterns in
both preload magnitude and precision.37,52 Therefore, the
values of lost torque of the Cresco frameworks may be
affected worse by the casting process of the plastic
cylinders compared to the machine-made gold cylinders
in the groups with the conventional bars. 

Upon further examination, the dentition of the max-
illa and the position of the prosthetic screw to the ful-
crum line could be considered. Mastication-induced
forces also depend on opposing dentition and type of
restoration.53,54 Therefore, forces on the prosthetic
screws will differ by diverse occlusal support. Moreover,
anterior and posterior prosthetic screws in a full-arch
bar are submitted to different loads.55,56 Al Jabbari
et al detected a pronounced galling rate and higher
fracture rate at the anterior retaining screws in fixed de-
tachable hybrid prostheses after long-term use in
vivo.57,58

It has been recommended that patients return for
regular clinical and radiographic check-ups to maintain
the clinical success of any restoration.2,59 Since screw
loosening, screw deformation, and fracture are the
most common complications in prosthetic implant den-
tistry, it is of major clinical concern to schedule patients
at adequate recall intervals.42 Overall, the analysis after
3 months suggests a sufficient preload of the screws,
independent from the system used. A retorquing of the
retaining screws after the first 6 months to compensate
for short-term relaxation seems to be advisable.57

At both observation periods the least percentage of
lost torque was detected in groups where the bars
were directly shaped at the implant level, whereas
after 3 months the lost torque in the Straumann group
with the use of SynOcta abutments was the highest.
If implant angulation and internal connection shape do
not require abutment use, the additional benefit of bar-
retained overdentures is not remarkable. For exact
appreciation, further examination with equal numbers
of bars with and without the use of abutments is nec-
essary.     

Geometric designs such as thread length and di-
ameter, microstructure, and major alloy constituents in-
fluence the preload of retaining screws.57,60

Unfortunately, there is a lack of written specifications
for prosthetic implant components.58 All screws con-
sisted of a titanium alloy with a flatted head, granting
safe retention of the restorations.61 The Straumann
conventional prosthetic screw with the lowest torque
value revealed the highest percentage of lost torque.
Its major shank diameter and small total length prevent
fatigue fracture in the load-bearing shank area.62

Perhaps an increasing torque value could be benefi-
cial for the stability between the framework, SynOcta
abutments, and the implants.60

The authors’ findings after 3 months indicate that the
smallest reduction for screw preload values was found
for the conventional casting group. One explanation for
the conventional bar showing the best result is that
slotted screws were used in the CTiP groups as pro-
vided by the manufacturer, compared to the screws for
joining the conventional bars to the implants, which
were internal hexagon slots. Based on the assumption
that frameworks fabricated with the CTiP technique are
of better fit compared to conventional castings, the de-
sign of the screw is one of the deciding factors for
achieving ideal torque values.44 In a retrospective clin-
ical study, Kallus and Bessing noted that screw heads
with internal hexagon slots were preferable, as these
were frequently observed to be tighter than slotted
screws.10 This is most likely due to the force transfer
not being ideal when tightening a slotted screw be-
cause of a higher probability of slippage and screw-
driver angulation from the slot. Furthermore, a slotted
screw accepts only one torque wrench placement as
opposed to an internal hexagon’s six slot positions,
which complicate torque application through restricted
deep access holes and poor visibility.51 If implants are
angulated in the abutment-free CTiP method, only a
certain portion of the screwdriver mates with the slot,
resulting in reduced torque and leading to an insuffi-
cient preload.

Hence, a screw with an internal hexagon slot and
minimal angulation of the screwdriver to the slot pro-
vide for proper preload. Together with passivation of the
prosthetic superstructure, this will lay the foundation
for a reliable screw joint under clinical wear. Regardless
of the more or less passive fit, annual retorquing of the
screws after the first year in service is essential.57

Conclusion

Based on the proposition that Cresco Ti Precision bars
are of better fit compared to cast bars, the following
conclusions can be drawn:

• The improvement of cast bar fit with the Cresco Ti
Precision technique is not able to reduce the un-
avoidable decrease of preload of the abutment screw.

• A general decrease of approximately 30% of initial
torque values can be expected in clinical situations,
independent of the implant system used.

• Using a torque controller, reliable implant bar con-
nections can be achieved.

• Prosthetic screws with internal hexagon slots provide
better force transfer of the applied tightening torque. 
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Literature Abstract
Tilting of splinted implants for improved prosthodontic support: A two-dimensional finite element analysis

The use of tilted implants is becoming increasingly popular in order to avoid vital structures, such as the maxillary sinuses and the men-
tal foramina. This study evaluated the stress distribution around the neck of tilted and splinted implants and whether using this scheme
is superior to using a distal cantilever design with straight implants. A 2-D model for finite element analysis was developed using two
Brånemark 3.75 � 13-mm implants splinted by a titanium beam, 16 � 3 mm. The implants were embedded in bone blocks, simulating
different bone properties. A small crater was created in the marginal bone around the tilted implant to simulate physiologic bone re-
modeling. A 7 mm distal cantilever model was compared to a distal implant (13 or 19 mm) which was tilted 45 degrees and supported
the distal end of the cantilever. Also, different tilts were used to evaluate the stress around the cervical portion of the implant (0, 10,
20, 30, and 45 degrees). A force of 50 N was applied via the beam. The assumption was made that the implants had complete inte-
gration. The stress was identical at the neck of the implant irrespective of the angle of tilt. The use of cantilevers resulted in higher stress
in the marginal bone around the implants. This stress was reduced to “normal” levels when the cantilever arm was eliminated by the
distal implant being apically inclined to support the distal end of the cantilever. The use of a longer implant only reduced the stress mar-
ginally. This study supports the use of the all-on-4 concept developed by Nobel Biocare. Nonetheless, it is a finite element analysis
study, and the results should be considered with precaution.

Zampelis A, Rangert B, Heijl L. J Prosthet Dent 2007;97:S35-S43. References: 34. Reprints: Dr Antonios Zampelis, Specialist Clinic for
Periodontics (SPA), Medicinaregatan 12C, Goteborg, Sweden. Fax: 30-210-7758 381. E-mail: odoanz@odontologi.gu.se—Majd Al Mardini, Hamilton,
Ontario, Canada

193_Schmitt.qxd  2/20/09  3:00 PM  Page 200




	Text1: COPYRIGHT © 2008 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 WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER


