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Treatment with fixed reconstructions on osseointe-
grated implants has improved the quality of life of

edentulous patients and has been used for more than
30 years.1 Mechanical complications, such as frac-
tures of the gold screws and abutment screws, have
been observed in 1.5% to 3.0% of patients in a 15-year
follow-up study of implant-supported fixed prostheses
(ISFP) in edentulous jaws.2 Fracture of the abutment
screws was observed in 1% in another retrospective
study of implant-supported prostheses,3 and the same
frequency (1%) was observed in another follow-up
study of ISFPs with laser-welded titanium frameworks.4

The occurrence of loose screw joints in ISFPs and the
various degrees of joint loosening have been pre-
sented earlier.5,6

A number of factors influence the stability of the
screw joint: design, rigidity, and fit of the framework,
number of implants included, length of the cantilever,
design and tightening of the screw, and occlusal load-
ing forces.7–9 The type of opposing material and type of
occlusion also seem to influence the stability of the
screw joint, as more screw loosening is observed when
the ISFPs occlude complete dentures.10 Another factor
to consider may be “nocturnal bruxism” because more
loose and/or fractured abutment/gold screws were ob-
served in patients with such parafunction than in other
persons in one study.11

The purpose of the present follow-up study was to
evaluate the stability of the screw joint 1 year after treat-
ment of edentulous patients with ISFPs.

Materials and Methods

Study Population

The study subjects comprised 20 completely edentulous
patients treated at the Dental and Medical Health
Centre, Halmstad, Sweden, between 1996 and 1998
(Table 1). Implant treatment followed the standard
(two-stage) protocol of the Brånemark system (Nobel
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Biocare), and the patients were all rehabilitated with
ISFPs. The prostheses were fabricated either with a
framework of titanium (7) or gold (11) and acrylic resin
teeth. Two prostheses were made of metal ceramic. The
mean length of the cantilever was 11 mm (range 3 to
16 mm) in the maxilla and 14 mm (range 5 to 19 mm)
in the mandible. All patients with an ISFP in the max-
illa either had a natural dentition or a tooth-supported
fixed prosthesis in the mandible. Seven patients with an
ISFP in the mandible had a removable complete den-
ture, two patients had a natural dentition, and one pa-
tient had an ISFP in the opposing jaw. 

Before insertion of the prostheses, the conical abut-
ments were tightened with an electric torque driver
(Nobel Biocare DEA 020) to 20 Ncm. The standard
and angulated abutments were all tightened manually.
The gold screws, all with a flat design, were tightened
to 10 Ncm. Approximately 2 weeks after prosthesis in-
sertion, all gold screws were retightened before per-
manent sealing of the access hole. In all, 107 implants
were included in the study. 

Prosthesis/Implant Stability and Screw Joint
Loosening

One examiner made the recordings at the first annual
check-up approximately 12 months (range 9 to 13
months) after insertion of the fixed prosthesis. The pros-
thesis stability was checked manually before removal.

After removal of the seal to the access hole, the tight-
ness of the gold and abutment screws was evaluated
using a rating scale based upon the California Dental
Association’s (CDA) quality evaluation criteria of den-
tal care5,12:

• R = no loosening: Individual screw is absolutely im-
possible to tighten manually with a screwdriver.

• S = slight loosening: Screw is not obviously loose,
but it is clearly possible to increase the strain
against continuous resistance.

• T = obvious loosening: Screw can easily be rotated
up to half a turn without obvious resistance, but
friction can be continuously felt during tightening.

• V = extreme loosening: Screw has to be rotated be-
fore reaching friction. No resistance can be felt at
applied manual torque.

R and S ratings were considered “satisfactory,” while
T and V ratings were considered “not acceptable.” All
the gold screws had a flat head with a slot. 

Results

All prostheses and implants were stable at the annual
check-up. The tightness of the screw joints was evalu-
ated in all 20 prostheses (Table 2). “Not acceptable
loosening” was observed in 4% of the gold screws (pros-
thetic screws). However, 29% of the abutment screws
showed “not acceptable loosening.” No correlation
could be observed between the tightness of the screw
joint and the type of abutment (standard or conical) or
the length of the cantilever of the fixed prostheses.

Discussion

The present study was a part of another study pre-
sented earlier,13 the purpose of which was to quantify
the change in the peri-implant mucosal level 1 year after
treatment of edentulous patients with ISFPs. This was
the reason the fixed prostheses were unscrewed.

The screw joints showed various degrees of loos-
ening. A 5-year follow-up study of ISFPs5 found that
40% of the gold screws were loose to an unacceptable
extent. The gold screws in that study had a conical de-
sign. In the present study, only 4% of the gold screws
showed unacceptable loosening. A possible explana-
tion for this is that the gold screws were tightened with
a torque driver to a 10-Ncm force and had a flat de-
sign, which increases the holding capacity of the
screw joint.8 In another study,6 the screw joint was
tested in the same way for partial ISFPs. There, the
prostheses with cantilevers showed “not acceptable
loosening” of the gold screws in 12%, compared to 0%
in the prostheses without cantilevers. However, all
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Table 1 Study Population and Distribution of Implants
and Abutments Used in Fabrication of Implant-Supported
Fixed Prostheses

Variable Maxilla Mandible

No. of patients 10 10
Mean age (y) 66 67
Age range (y) 50–78 51–73
Women/men 3/7 4/6
No. of implants supporting prosthesis

4 — 2
5 4 7
6 5 1
8 1 —

Implant length
10 mm 8 4
13 mm 27 12
15 mm 23 33

Abutment length
1 mm conical 19 —
2 mm conical 9 —
3 mm conical 3 —
3 mm standard 18 24
4 mm standard 5 11
5.5 mm standard — 10
7 mm standard — 4
17° angulated 4 —



the fixed prostheses were designed with cantilevers
in the present study.

Kallus and Bessing5 reported unacceptable loosen-
ing in 3.6% of the abutment screws, compared to 29%
in the present study. One explanation for the unsatis-
factory loosening of the abutment screws could, of
course, be inadequate tightening.8 Another explanation
is that the prosthetic gold screw and abutment screw
form one unit once the prosthetic gold screw is tight-
ened. The tightening of the gold screw will clamp the
abutment between the fixed prosthesis with the incor-
porated gold cylinder and the implant. As the prosthetic
gold screw is tightened, a preload is built up in the stem
of that screw. A typical preload for a titanium abutment
screw (eg, Standard Regular Platform, Nobel Biocare),
tightened with 20 Ncm, is 180 N, and is somewhat
higher for the “conical” abutment.14 Because of the
lower friction between the gold alloy and titanium com-
pared to the friction between titanium and titanium, a
larger preload may occur, although the tightening
torque is lower for the gold screw. Should this occur,
the abutment screw will be released from the seating
surface between the abutment and the abutment
screw, and the abutment and the two screws will act
as one screw from a mechanical point of view. As long
as the prosthetic gold screw is tight, the abutment will
also be tightly secured. Therefore, one may question the
clinical relevance of the loose abutment screws ob-
served in the present study. This theory is also sup-
ported by the fact that all fixed prostheses were
recorded as stable before removal. 

In a 3-year follow-up study of milled titanium frame-
works for ISFPs in edentulous jaws, no loose or fractured
screw components were seen.15 One could speculate as
to whether the excellent fit of the milled titanium frame-
work will result in fewer mechanical complications, and
some in vitro studies support this theory16; to our knowl-
edge, however, this has not been confirmed in any long-
term follow-up study. The consequences of misfit to im-
plant survival have often been discussed, but contrary
to the common opinion that it is detrimental, the misfit

preload even seemed to increase the bone-to-implant
contact in a study in rabbits.17

The problem with loosened gold screws (prosthetic
screws) is probably universal for most of the implant sys-
tems available on the market, but there is continuous de-
velopment in this area. Prosthetic screws with treated
surfaces that reduce the coefficient of friction between
the materials seem to produce greater retention in the
screw joint compared to conventional gold alloy screws,
and this will probably diminish this problem.18

In the present study, only a few of the prosthetic
screws (gold screws) showed unacceptable loosening
after 1 year of function. The clinical relevance of the ob-
served high occurrence of loose abutment screws
might be questioned, as all fixed prostheses were ini-
tially recorded as stable.

Acknowledgment

Special thanks to Mr Lars Jörnéus, M Sc Lic Eng, Manager, Product
Development Nobel Biocare, for interesting discussions concerning
the mechanical aspects of the study.

References

1. Adell R, Eriksson B, Lekholm U, Brånemark P-I, Jemt T. A long-term
follow-up study of osseointegrated implants in the treatment of to-
tally edentulous jaws. Int J Oral Maxillofac Implants 1990;5:347–359.

2. Adell R, Lekholm U, Rockler B, Brånemark P-I. A 15-year study of
osseointegrated implants in treatment of the edentulous jaw. Int
J Oral Surg 1981;10:387–416.

3. Carlson B, Carlsson GE. Prosthodontic complications in osseoin-
tegrated dental implant treatment. Int J Oral Maxillofac Implants
1994;9:90–94.

4. Örtorp A, Lindén B, Jemt T. Clinical experiences with laser-welded
titanium frameworks supported by implants in the edentulous
mandible: A 5-year follow-up study. Int J Prosthodont 1999;12:
65–72.

5. Kallus T, Bessing C. Loose gold screws frequently occur in full-
arch fixed prostheses supported by osseointegrated implants
after 5 years. Int J Oral Maxillofac Implants 1994;2:169–178.

6. Johansson LÅ, Ekfeldt A. Implant supported fixed partial pros-
thesis. A retrospective study. Int J Prosthodont 2003;16:172–176.

Ekfeldt et al

Volume 17, Number 2, 2004 179

Table 2 Tightness of Screw Joints in All 107 Implants: n (%)

Satisfactory Not acceptable
Screws R S T V

Gold
Maxilla 49 (84) 8 (14) 1 (2) —
Mandible 39 (80) 7 (14) 3 (6) —
Total 88 (82) 15 (14) 4 (4) —

Abutment
Maxilla 26 (45) 11 (19) 21 (36) —
Mandible 12 (24) 27 (56) 8 (16) 2 (4)
Total 38 (36) 38 (36) 29 (27) 2 (2)



7. Jemt T. Failures and complications in 391 consecutively inserted fixed
prostheses supported by Brånemark implants in edentulous jaws:
A study of treatment from the time of prosthesis placement to the
first annual check-up. Int J Oral Maxillofac Implants 1991;6:270–276.

8. Jörnéus L, Eng M, Jemt T, Carlsson L, Eng E. Loads and designs
of screw joints for single crowns supported by osseointegrated im-
plants. Int J Oral Maxillofac Implants 1992;7:353–359.

9. Rangert BR, Sullivan RM, Jemt T. Load factor control for implants
in the posterior partially edentulous segment. Int J Oral Maxillofac
Implants 1997;12:360–370.

10. Wie H. Registration of localization, occlusion and occluding ma-
terial for failing screw joints in the Brånemark implant system. Clin
Oral Implants Res 1995;6:47–53.

11. Tosun T, Karabuda C, Cuhadaroglu C. Evaluation of sleep brux-
ism by polysomnographic analysis in patients with dental implants.
Int J Oral Maxillofac Implants 2003;18:286–292.

12. Ryge G, Mjör IA. Quality assessment in operative dentistry. In:
Hörsted-Bindeslev-P, Mjör-IA (eds). Modern Concepts in
Operative Dentistry. Copenhagen: Munksgaard, 1988:287–301.

13. Ekfeldt A, Eriksson AH, Johansson LÅ. Peri-implant mucosal level
in patients treated with implant-supported fixed prostheses: A 1-
year follow-up study. Int J Prosthodont 2003;16:527–530.

14. Keson BT, Jack IN. Implant-abutment screw joint preload of 7 hex-
top abutment systems. Int J Oral Maxillofac Implants 2001;16:
367–377.

15. Örtorp A, Jemt T. Clinical experiences of CNC-milled titanium
frameworks supported by implants in the edentulous jaw: A 3-year
interim report. Clin Implant Dent Relat Res 2002;4:104–109.

16. Ebrahim L, Al-Turki, Chai J, Lautenschlager E, Hutten M. Changes
in prosthetic screw stability because of misfit of implant-supported
prostheses. Int J Prosthodont 2002;15:38–42.

17. Jemt T, Lekholm U, Johansson CB. Bone response to implant-sup-
ported frameworks with different degrees of misfit preload: In vivo
study in rabbits. Clin Implant Dent Relat Res 2002;3:129–137.

18. Martin WC, Woody RD, Miller BH, Miller AW. Implant abutment
screw rotations and preloads for four different screw materials and
surfaces. J Prosthet Dent 2001;86:24–32.

The International Journal of Prosthodontics180

Stability of Screw Joints in Implant-Supported Fixed Prostheses

Literature Abstract

A new adhesive technology for all-ceramics.

Alumina and zirconia ceramics are not etchable with hydrofluoric acid, which may prevent effec-
tive cemenation using the adhesive technique. PyrosilPen technology involves a small hand-held
lighter containing a mixture of butane gas and tetraethoxy silane. The cemented surface of ce-
ramics is flame treated for a few seconds, resulting in a surface coated with SiOx–C fragments
bonded to the ceramic by van der Waals forces. This glass-like layer is silane treated using a so-
lution of 3-methacryloyl oxypropyl trimethoxy silane in an organic solvent before application of a
luting agent. These procedures result in bonding of the luting agent to the ceramics that may en-
hance retention. Four ceramic systems—Empress 2, In-Ceram Alumina, In-Ceram Zirconia, and
Degussit Frialit ZrO2—were studied. Three groups of 10 samples were fabricated for each ce-
ramic system. They were polished to 800 grit, air dried, and flame treated for 5, 10, and 20 sec-
onds, respectively, using PyrosilPen technology. Low-viscosity resin was applied to the treated
surface, followed by a luting agent light cured for 40 seconds. The control was samples of
Empress 2 etched and silanized conventionally. All specimens were thermocycled 5,000 times in
water between 5 and 55°C. Shear bond strengths of Empress 2 and In-Ceram Alumina were sig-
nificantly higher than In-Ceram Zirconia and Degussit Frialit ZrO2. There was no significant differ-
ence among the treatment times in each ceramic system. When comparing the two cementation
methods in Empress 2, shear bond strength of group 2 (flame treated for 10 seconds on a 2 cm2

area) using PyrosilPen technology was comparable to the control, whereas groups 1 and 3 were
significantly lower. Although Degussit Frialit ZrO2 showed significantly lower shear bond strength
than the other systems, group 2 of this system was not significantly different from the control.
Since the results of group 2 for all four ceramic systems were comparable to the control, the au-
thors concluded that flame treating the surface for 10 seconds is the optimal treatment time for a
2 cm2 area and noted the potential of this technology for cementing zirconia ceramics. More stud-
ies need to explore this technology before concrete conclusions can be drawn.
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