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Breakaway Forces of Flat and Domed Surfaced
Magﬁttm Implant Magnet Attachments
V. Chopra*, B. J. Smith†, H. W. Preiskel‡, R. M. Palmer§ and R. Curtis¶
Abstract - The aim of this in vitro study was to compare the resistance to separation (breakaway force) of ﬂat (Magﬁt™-IP-BF) and domed (Magﬁt™-IP-BD) implant magnet attachments subjected to non-axial forces. The separating
forces were applied by an Instron Universal Testing Instrument to single magnet attachments at angles of 0°, 2°, 5°,
10°, and 20° from the axial line of the components (angle of pull) and at crosshead speeds of 0.5mm/min and 50
mm/min. The breakaway forces were signiﬁcantly (p<0.0001) inversely related to the angle of pull for both ﬂat magnets and for domed magnets. At the slow crosshead speed, the breakaway forces recorded for the domed magnets were
signiﬁcantly greater than those recorded for the ﬂat magnets for angles of pull greater than 5°. At the faster crosshead
speed, the breakaway forces recorded for the domed magnets were signiﬁcantly greater than those recorded for the ﬂat
magnets for angles of pull greater than 2°. This apparent superiority of domed magnets under non-axially directed
separating forces could inﬂuence the choice of magnet attachment for implant overdentures as intraoral displacing
forces are multidirectional. Domed magnets may also be advantageous where implants are not parallel.
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INTRODUCTION
Magnets have been used to aid retention of dentures for
over ﬁfty years. Freedman1 placed magnets in the occlusal
surfaces of complete denture with like poles adjacent so
that the repulsion would seat each denture. Behrman2
embedded magnets in the jaw with other magnets in the
overlying denture base with opposite poles adjacent so that
the attraction would seat the denture. Magnets appeared
to be ﬁrst set in the roots of teeth to provide direct retention for overdentures in the 1970s3 and on implants in the
following decade4. One of the advantages claimed for
magnet attachments was that the magnets placed less stress
on the implants when compared with ball attachments and
bar/clip attachments5.
The relationship between the retention of magnet attachments and other variables has been investigated comprehensively in- vitro but the separating forces have been
applied in an axial direction usually at a separation speed
of 0.5 mm per minute; relatively little research has been
carried out with forces applied in a non-axial direction.
Five different implant overdenture attachments, including a
closed ﬁeld magnet system, were evaluated by Petropoulos
et al5. The dislodging forces were applied in vertical and
oblique directions. The authors measured the peak load
(maximum force developed prior to separation), break
load (the force that caused separation of the components),
displacement at peak load, and displacement at break load.
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The release period (the time over which an attachment
loses its retention), was calculated. For vertically directed
forces, the magnet had the lowest values. With oblique
forces the magnet had the lowest measured retention and
the slowest release period. The clinical implication attributed to this slow release period was that it would give
the magnet sufﬁcient time to reseat itself when a denture
was dislodged.
In 1999, Nestle et al6 measured forces between various
types of magnetic inserts and secondary magnets used for
retention of extraoral prostheses to examine the inﬂuence
of varying height, form and angle. The authors observed
that the breakaway force decreased as the angle of pull
increased. At an angle of pull of 75°, the force decreased to
nearly half of the initial value (mean force in axial direction
was 1.8 N). Although spherical magnet attachments were
investigated, it was not clear whether or not there were
curved contact surfaces between the magnetic inserts and
the spherical secondary magnets.
Yatabe et al7 conducted a study with three different sized
magnetic attachments set at angles ranging from 0° to 30°.
A fall in retentive forces was observed with increasing angles that was not signiﬁcant in the 10° range. Hence they
concluded that the magnetic assembly should be set up
within 10° to the direction of removal of the denture. The
forces were measured at a separation speed of 0.5mm/min.,
a speed at which the maximum retentive force for magnets
has been noted8.
Zhao et al9 carried out a study in which four magnetic
keepers were installed at four different sites on an edentulous model at 0°, 10°, 20° and 30° in 8 different directions.
The breakaway forces were measured at 1mm/min and
200 mm/min at vertical (90°) and anteriorly inclined (60°)
directions. The authors reported an increase in breakaway
forces from 0-10° by 5.7%-16.93% and concluded that, by
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changing the direction of magnetic attachments, the retention of overdentures could be adjusted.
Implant magnet attachments are available commercially as
ﬂat surfaced or dome surfaced. Domed magnets do not
appear to have been tested for non-axially directed forces
as previous studies5,7,9 have used ﬂat magnets.
The purpose of this study was to determine whether ﬂat
surfaced or dome surfaced magnetic attachments demonstrated greater resistance to separation (breakaway force)
under the application of non-axial forces. Two different
speeds of separation were used: one speed was 0.5 mm/
min for comparison with previous studies; the other was
50mm/min, closer the speed of mandibular movement10 .

MATERIALS AND METHODS
The magnets used in this study were from the Magﬁt-IP™
magnetic system which was designed speciﬁcally for implant-stabilized overdentures. In this system, the magnet
is a permanent magnet made from Neodymium-Iron-Boron
with a magnetic circuit design of a sandwich closed circuit.
As the alloy has a low corrosion resistance, the magnet
is set between two yokes with a stainless steel case. The
yokes and case are made from AUM 20 alloy, a magnetic
stainless steel which is chromium rich, nickel free and has
a high corrosion resistance.
There are three types of magnetic attachments in the
system: ﬂat (Magﬁt-IP-BF), domed (Magﬁt-IP-BD), and
cushioned (Magﬁt-IP-BS). For this study, the ﬂat and
domed magnets were used. The “attractive force” stated
by the manufacturer is 750gf and 600gf for the ﬂat and
domed magnets respectively. The magnetic leakage ﬁeld
is stated as 0.004 Tesla and 0.003 Tesla for the ﬂat and
domed magnets respectively. The attachment consists
of the magnet and a keeper. In clinical use, the magnet
is held by mechanical retention in the denture base. The
keeper is attached to the implant abutments by a screw. A
recent modiﬁcation allows direct connection of the keeper
to some designs of implants.
In this study, an Instron Universal Testing Instrument was
used to apply force to separate the two parts of the magnet
attachment. The keeper was attached to the ﬁxed lower
platform of the machine. The magnet was attached to the
load cell on the moving upper part of the machine. The
Instron had a separate recorder and chart-drive unit from
which the recordings of breakaway force were made.
Five test samples of the ﬂat magnet (Magﬁt-IP-BF) and
ﬁve test samples of the domed magnet (Magﬁt-IP-BD)
were assembled in the following manner. A 5mm diameter
non-magnetic metal tube (nickel silver alloy) with an internal diameter of 4mm was sectioned into 10mm lengths.
For each piece, the cut surfaces were prepared so that
they were smooth and perpendicular to the long axis of
the tube. Each 10mm section was placed vertically on a
glass slab and ﬁlled with auto-polymerizing acrylic resin.
Then, a 1.5 mm diameter hole was drilled into the centre
of one end of the acrylic resin ﬁlled tube and a standard
brass hook was then screwed into the prepared hole. A
magnet was attached to the other end of the tube with
autopolymerizing acrylic resin so that the magnet face was
perpendicular to the long axis of the tube (Figure 1).
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A single keeper mount was prepared in the following manner. A 25 mm length was cut from a non-magnetic 5mm x
5mm square cross-section metal tube (nickel silver alloy).
The cut surfaces were prepared so that they were smooth
and perpendicular to the long axis of the tube. The 25mm
section was placed vertically on a glass slab and ﬁlled with
autopolymerizing acrylic resin. A Nobel Biocare standard
abutment replica DCB 175-0 was inserted into the end of
the tube while the acrylic resin was still ﬂuid and with
the face of the replica perpendicular to the long axis of
the tube. The resin was allowed to set undisturbed and
then the magnet keeper was screwed onto the abutment
replica (Figure 2)
To hold the keeper mount securely onto the ﬁxed platform of the Instron, a cobalt chromium abutment mount
jig was custom-made in two halves. This jig was of the
same dimensions as the Instron instrument clamp. To
determine and set the angulation of the magnet assembly,
a gauge was custom prepared such that it slid into and
ﬁtted tightly over the end of the clamp plates. The gauge
could be readily attached and detached from the clamp
plate and was ﬁtted on one of the clamp plates prior to
positioning of the jig.
For each test, the magnet sample was hooked via a chain to
the load cell on the upper moving platform of the Instron
instrument. The keeper mount was fastened at different
angles using the custom angulation gauge (Figure 3).
For each magnet, ten measurements of the breakaway force
were conducted at ﬁve different angles of pull (0°, 2°, 5°,
10° and 20°) and at two speeds of separation (0.5mm/min,
50mm/min).

RESULTS
Table 1 shows the means of the ﬁfty measurements of the
breakaway forces for the ﬁve single ﬂat magnet attachments
and the ﬁve single domed magnet attachments at fast and
slow crosshead speeds of the Instron Universal Testing
Instrument at each of the ﬁve different angles.
At a crosshead speed of 0.5mm/min, the ﬂat magnets
demonstrated a higher mean breakaway force at 0°, 2°and
5° than for the domed magnets but beyond that angle the
breakaway forces recorded for the domed magnets were
higher. At a crosshead speed of 50mm/min, the breakaway
forces for the single ﬂat magnets were greater than for the
single domed magnets at angles of pull of 0° and 2°. For
angles of pull of 5°, 10° and 20°, however, the breakaway
forces for the domed magnets were signiﬁcantly greater
than for the ﬂat magnets.
Analysis of Variance (ANOVA) was carried out to determine
the signiﬁcance of differences. The difference in the mean
breakaway force between the ﬂat and domed magnets was
found to be highly signiﬁcant (p<0.0001) at every angle of
pull and at both speeds of separation. Analysis of Variance
was also carried out to determine whether or not any of
the interactions between the various variables involved (i.e.
magnet and angle, magnet and speed, angle and speed)
affected the main comparison. The difference between
the two types of magnets remained highly signiﬁcant
(p<0.0001). The inter-sample variation as expressed by the
values for the standard deviations was greater at the lower
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Figure 3. Instron 1193 with Experiment set-up

Table 1. Mean breakaway forces in Newtons of single ﬂat magnets and single domed magnets at slow
(0.5mm/min) and fast (50mm/min) crosshead speeds, and at different angles of pull.
Magﬁt-IP-BF
(Flat magnets)
Angle
0°
2°
5°
10°
20°

0.5mm/min
Mean(SD)

50mm/min
Mean(SD)

0.5mm/min
Mean(SD)

50mm/min
Mean(SD)

6.3(0.5)N
5.4(0.6)N
3.7(0.5)N
2.1(0.1)N
1.3(0.1)N

2.9(0.4)N
2.6(0.4)N
2.0(0.5)N
1.5(0.4)N
1.1(0.2)N

4.1(0.4)N
4.1(0.5)N
3.4(0.6)N
3.0(0.3)N
1.8(0.2)N

2.1(0.6)N
2.3(0.5)N
2.3(0.4)N
2.1(0.3)N
1.5(0.1)N

angles for both ﬂat and domed magnets at both crosshead
speeds. The variation among the ﬁve domed magnets was
greater than that of the ﬂat magnets. (Table 1)

DISCUSSION
In the present study, the breakaway force was recorded
for two speeds of separation of the magnet attachments.
The breakaway force was the force required to cause
initial separation of a magnet from its opposing attractive
element (in this case the keeper), and its magnitude gave
an indication of the amount of retention that was present
when the magnet was in contact with the keeper. The slow
speed of 0.5mm/min was the minimum possible crosshead
speed on the Instron instrument and allowed the maximum
breakaway force to be recorded for the magnet systems.
The faster speed of 50mm/min was selected to be closer
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Magﬁt-IP-BD
(Domed magnets)

to the rate of movement of the mandible away from the
maxilla during mastication8,10. Since intraoral forces displacing dentures are not limited to those in an axial direction,
for the investigation of the magnet attachments different
angles of pull were selected, ranging from 0º to 20º.
The breakaway force of all the magnets was signiﬁcantly
lower at the crosshead speed of 50mm/min compared with
the values determined at slow speed of separation. This was
consistent with the results of earlier studies8,10. For closed
ﬁeld magnets such as those used in this study the magnetic
lines of ﬂux broke down rapidly as the distance between
the magnet and the keeper increased. At 50mm/min, the
critical distance was achieved in a shorter period of time
and hence the force recorded was lower.
The drop in the force values was greater at the lower
angles of pull with the difference being greater than 50%
at 0º and 2º for the ﬂat magnets. This difference in force
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magnitude decreased as the angles were increased such
that at 20º the difference was reduced to 0.2N and 0.3N
for the ﬂat and domed magnets respectively. Whereas
Sarnat10 reported four times smaller values, Akaltan and
Can8 reported smaller differences at the faster speed of
separation.
It was also observed that, at the faster speed of separation,
the breakaway force was fairly constant at varying angles
of pull for the domed magnets and up to 10º the force
remained at approximately 2N. As any force acting in the
mouth during mastication would probably fall in the fast
separation range, these values should have greater clinical
relevance than those with the slow crosshead speed.
To maintain a denture in position on the alveolar ridge, the
breakaway force must exceed the displacing force. From
clinical observations, Gillings11 suggested that magnetic
units that provide 4.9N of retention would be sufﬁcient
and reported that patients with more than four magnetic
units had difﬁculty in removing their dentures. According
to the manufacturers, the retentive force to be provided by
the ﬂat and dome magnets is 750gm (7.35N) and 600gm
(5.9N) respectively.
In both magnet types, the maximum force values were
obtained with axially directed forces (i.e. 0º) and fell signiﬁcantly as the angle of pull was increased to as little as
2º. The mean values for the maximum breakaway force in
the present study were 6.3N±0.5 and 4.1N±0.4 for the ﬂat
and domed magnets respectively (Table 1).
This represented a difference of about 1N for the ﬂat
magnets and 2N for the domed magnets. Since these are
the values at the slow speed of separation, and taking into
account the inter-sample variation observed in this study,

the decision as to the number of magnets required for
retention of a denture must be made with care.
It was also seen that the inter-sample variability was greater
for the domed magnets. The cause for this variability could
not be precisely explained by this study although some
degree of experimental error introduced during determination of the angle of pull (eg error of parallax) may have
contributed to this inter- sample variation.
An inverse relation between the breakaway force and angle
of pull at both speeds of separation was shown for the ﬂat
magnets. This was seen for all except one sample, which
recorded an increase in force at 2º angle of pull. This
was in agreement with the results of studies by Nestle et
al6 and Yatabe et al7 but was in contrast to those of Zhao
et al9 . It should be noted that the magnet systems for all
these three studies were different.
For the domed magnets, a similar decrease in breakaway
force with an increase in angle of pull was observed at
the slow speed of separation but as mentioned earlier,
this was not the case at the faster speed of separation.
Furthermore, the breakaway force values for the domed
magnets signiﬁcantly exceeded those of the ﬂat magnets at
angles greater than 5º. Thus, ﬂat magnets produce higher
breakaway forces than domed magnets up to 5º (p<0.0001)
but domed magnets perform signiﬁcantly better at higher
angles of pull (Figure 4).
Another difference noted was the greater consistency in
the force values for the domed magnets rather than the
ﬂat magnets as estimated by the standard deviation values.
The explanation for this relative lack of variability may be
attributed to the ability of the domed magnets to accommodate changes in angulations.
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Figure 4. Graph to show the comparison between the mean breakaway force (with standard error
bars) of the dome magnets at a crosshead speed of 50mm/min., at various angles of pull
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The magnets used in this study appear to have superior
retentive qualities than those tested in previous studies at
the faster speed of separation. The breakaway force of the
magnets was seen to be very sensitive to change in angulation of pull for both ﬂat and dome magnets. At angles of
pull of 0°, the ﬂat magnets were signiﬁcantly superior to
the domed magnets but this trend was reversed at higher
angles of pull suggesting that, in the clinical situation, it
would be beneﬁcial to use the domed magnets rather than
the ﬂat as denture displacing forces are multidirectional.
In addition, domed magnets could be advantageous when
the implants were placed at angles greater than 5º to each
other.
The magnitude of the force for both ﬂat and domed
magnets fell to below 2 N at angles of 20º and this could
inﬂuence the number of magnet attachments required to
achieve denture retention. Since single domed magnets
performed better at greater angles of pull, future studies should be carried out on paired domed magnets in a
simulated clinical situation.

CONCLUSIONS
The following conclusions can be drawn from the present
study:
1. Flat-surfaced magnets (MagﬁtTM-IP-BF) demonstrated a
higher breakaway force than dome-surfaced magnets
(MagﬁtTM -IP-BD) for axially directed forces.
2. The breakaway force was inﬂuenced by small changes
in angles of pull at slow speeds of separation with a
decrease in breakaway force at higher speeds of separation, but the inﬂuence of speed on force magnitude
decreased with increase in angulation.
3. Dome-surfaced magnets (MagﬁtTM-IP-BD) were signiﬁcantly different from ﬂat-surfaced magnets (MagﬁtTM-IPBF) with respect to the breakaway force, behaviour, and
performance at different angles of pull and performed
signiﬁcantly better at angles of pull greater than 5º.
4. As denture displacing forces are multidirectional, it
may be clinically beneﬁcial to use the dome surfaced
magnets rather than the ﬂat surfaced magnets especially
when the implants are placed at angles greater than 5º
to each other.
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