In Vitro Analysis of the Effects of Two
Air-Abrasive Prophylaxis Systems
and Inlet Air Pressure on the Surface
of Titanium Abutment Cylinders
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Purpose: The purpose of this study was to investigate the effects of two air-abrasive prophylaxis
systems and the effect of inlet air pressure on the surface of Branemark titanium abutment
cylinders.

Materials and Methods: Single abutment cylinders were treated with either the Prophy-Jet
system {sodium bicarbonate abrasive) {Dentsply International, York, PA} or the Microprophy system
{aluminum oxide abrasive) {Danville Engineering Co, Danville, CA) for 60 seconds at an inlet air
pressure of 60 psi or 90 psi. The effects on the surface of each abutment cylinder were visually
inspected by scanning electron microscopy.

Results: A comparison of abutment cylinder surfaces after treatment showed that the Prophy-
Jet system removed machining marks to a greater degree than the Microprophy system. Sodium
bicarbonate particles from the Prophy-Jet system were significantly larger than the aluminum oxide
particles used with the Microprophy system, potentially accounting for the difference in abrasivity.
In addition, inlet air pressure of 60 psi caused removal of machining marks to a greater degree than
an inlet air pressure of 90 psi. The principle of phase separation may account for the lower inlet air
pressure causing more removal of machining marks than the higher inlet air pressure.

Conclusions: Under the experimental conditions tested, neither of the two systems tested
seemed to cause significant abrasion of the surface of titanium abutment cylinders,
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S THE NUMBER of patients receiving treat-

ment with osseointegrated dental implants in-
creases, the long-term maintenance of dental im-
plants should concern the dental profession.
Preliminary data indicate that the peri-implant soft
tissue responsc to plaquc is similar to that found in
gingivitis assoclated with teeth, and peri-implant
inflammation of soft tissue seems to be directly
related to plaque accumulation.! One method that
claims to clean and polish the supragingival titanium
surface of osseointegrated dental implants is an
air-powder abrasive system. The potential for abra-
sion of the titanium surface by using such a tech-
nique has been a serious concern®* Preliminary
documentation of visual data of the effect of one
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air-powder abrasive system  (Prophy-Jet, Dentsply
International, York, PA), which uses sodium bicarbon-
ate as the abrasive, on the surface of machined
titanium has been reported.’ The results of this study
suggest that an air-abrasive system may remove
machining marks from Brinemark titanium abut-
ment cylinders. Recently, a new air-abrasive ‘device
intended to aid practitioners and hygienists in the
removal of plaque and calculus from implant sur-
faces (Microprophy, Danville Engineering Co, Dan-
ville, GA) has been introduced. The Microprophy
system offers the practitioner a choice of two abra-
sives for use with the system, either aluminum oxide
or sodium bicarbonate. However, the effect of alumi-
num oxide when used as an air-abrasive prophylaxis
agent on the surface of machincd titanium has not
been reported.

Variation of air pressure affects the abrasivity of
an air-abrasive prophylaxis system, with a higher air
pressure expected to cause more abrasion than a
lower air pressure.’ The manufacturers of both the
Prophy-Jet and Microprophy air-abrasive prophylaxis
systems suggest that an inlet air pressure of 60 psi to
90 psi be used with their system. However, the effect
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of varying inlet air pressure on the abrasivity of
air-powder abrasive prophylaxis systems on ma-
chined titanium has not been documented.

The purposes of the present study were as follows:

1. To compare the effect on the surface of machined
titanium of an air-abrasive system, which relies on
sodium bicarbonate as its abrasive medium, with
the effect on the surface of machined titanium of
an air-abrasive system that uses aluminum oxide
as its abrasive medium.

2. To compare the effect of inlet air-pressure on the
abrasivity of two different air-abrasive systems.

All evaluation was performed visually by means of
scanning electron microscopy (SEM).

Materials and Methods

Five Brinemark abutment cylinders (Nobelpharma, Nobel
Industries, Gothenburg, Sweden) were individually fixed
with Duralay resin (Reliance Dental, Worth, IL) to a
custom-made aluminum base that could be removed and
re-inserted into a separate Duralay receptacle. To main-
tain consistent exposure conditions, a custom-designed
aluminum jig was fabricated that ensured delivery of spray
from an angle of 60° to the abutment cylinder surface, and
from a distance of 5 mm, according to the manufacturer’s
recommendations. An air-pressure regulator (A-Dec, New-
berg, OR) was used to ensure that inlet air pressure was
maintained at the desired experimental levels.

The Prophy-Jet and Microprophy systems were as-
sembled according to manufacturer’s recommendations
and the abutment cylinders treated as follows:

® Cylinder no. 1: No treatment, This cylinder was used as
a control.

® Cylinder no. 2: Exposure to the Prophy-Jet for 60
seconds at an inlet air pressure of 60 psi.

® Cylinder no. 3: Exposure to the Microprophy for 60
seconds at an inlet air pressure of 60 psi.

® Cylinder no. 4: Exposure to the Prophy-Jet for 60
seconds at an inlet air pressure of 90 psi.

® Cylinder no. 5: Exposure to the Microprophy for 60
seconds at an inlet air pressure of 90 psi.

Before SEM analysis, all the cylinders were rinsed with
distilled water for 10 seconds and allowed to dry.

The cylinders were glied on an aluminum specimen
mount using conductive glue and examined with an
AMRAY 1000-B scanning electron microscope (AMRAY
Inc, Bedford, MA). In addition, 0.25 g of Prophy-Jet
cleaning powder-1 and 0.1 g of Microprophy aluminum
oxide abrasive powder were separately examined by SEM
to determine modal particle size.

Results
Scanning Electron Microscopy

SEM (1,000X) of the untreated abutment cylinder
showed machining marks in the forms of subtle
ridges and grooves (Fig 1). Debris from localized
contamination during mounting also appeared with
minimal damage to the machining marks (not
shown).

When SEM (1,000X) of the abutment cylinder
treated with sodium bicarbonate at 60 psi were
compared with the abutment cylinder treated with
aluminum oxide at 60 psi, treatment with sodium
bicarbonate led to a greater degree of removal of the
machining marks (Figs 2 and 3). A similar difference
between the two systems was observed at an air
pressure of 90 psi (Figs 4 and 5).

When SEMs (1,000X) of the abutment cylinders
treated with the same system but using different air
pressures were evaluated, surfaces treated at 90 psi
were less affected than those treated at 60 psi
{Compare Fig 2 with Fig 4, and Fig 8 with Fig 3.)
SEMs of the abrasive powders arc presented in

Figures 6 and 7.

Discussion

Air-powder abrasive prophylaxis systems have in-
creased in popularity as a method for removing
calculus and plaque from natural teeth. (For an
overview of the principles associated with the use of
air-powder abrasive prophylaxis systems, the reader
is referred to Koka et al.”y However, they should be
used with caution and carc. Gingival trauma caused
by desquamation of the epithelial layer has been

Figure 1. SEM of the untreated abutment cylinder
(1,000%}.
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Figure 2. SEM of the abutment cylinder treated with
sodium bicarbonate at 60 psi (1,000x).

reported associated with the indiscriminate use of
the Prophy-Jet system, and care should be taken to
cnsure that the nozzle tip is not directed toward soft
tissue.?!% In addition, a reported case of pneumopar-
otitis highlights the risk of air embolism formation
secondary to placcment of the nozzle tip into the
gingival sulcus. !!

Variables such as water flow, exposurc time,
configuration of specimen, angulation of tip to speci-
men, lubricant, frictional coefficient of the specimen,
and nozzle-target distance may affect the abrasivity
ol systems such as those used in this study. In
addition, other factors such as the particle hardness,
speed of the particle, size of the particle, and air
pressure may also influence the abrasivity of air-
powder abrasive prophylaxis devices.?

Previous data suggest that use of the Prophy-Jet
system, which uses sodium bicarbonate particle sizes
greater than 30 pm, may lead to complete removal
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Figure 3. SEM of the abutment cylinder treated with
aluminum oxide at 60 psi (1,000%).
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Figure 4. SEM of the abutment cylinder treated with
sodium bicarbonate at 90 psi (1,000).

of the machining marks [rom a Branemark titanium
abutment cylinder.” However, in this study, complete
removal of machining marks was not observed. The
discrepancy may be due to the fact that the duration
of exposure to the air-abrasive spray was shorter in
this study.

SEM analysis displaying machining marks on the
surface of the control abutment cylinder corrobo-
rated previously published data.® In this study,
comparison of the effects of an air-powder abrasive
prophylaxis system that uses sodium bicarbonate
abrasive particles, with an air-powder abrasive prophy-
laxis system that uses aluminum oxide particles
showed that the former secmed to remove machin-
ing marks to a greater degrec when used at the same
air-pressure. Sizes ol sodium bicarbonate particles
ranged from 40 pm to 100 pm (Fig 6), but the
aluminum oxide particles were significantly smaller,
less than | pm in diameter (Fig 7). Smaller particles

Figure 5. SEM of the abutment cylinder treated with
aluminum oxide at 90 psi (1,000x).
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Figure 6. SEM of sodium bicarbonate abrasive powder
(250x).

would be expected to cause less abrasion than larger
particles, perhaps accounting for the difference in
surface alteration.

A comparison of the effect of altering air pressure
was surprising because the lower air pressure investi-
gated (60 psi) seemed to cause increased removal of
machining marks than the higher air pressure (90
psi). Of the four experimental treatments, the use of
the Microprophy system at 90 psi showed the least
effect when compared with the control surface. An
answer to this apparent paradox may lie in the
mechanical engineering field of fluid dynamics, in
particular one-dimcnsional, two-phasc flow.!? The
mixture of abrasive particles and watcr is expelled
through a narrow nozzle tip. In general, the mixture
flows out through the minimum cross-sectional area
of the nozzle at a pressure p. The mass flow (or mass
rate of flow), m, at any point along the nozzle is given

by the equation of continuity (A = cross-sectional

area, V = velocity):
m = pVA

Additional analysis allowing for the substitution of
V using the Bernoulli equation shows that as the
pressure increases, the mass flow increases. How-
ever, this is a general observation that is only valid at
pressures less than a certain pressure referred to as
the critical pressure. The critical pressure relates to
the pressure at which maximum mass flow occurs. It
seems that at pressures either more than or less (than

the critical pressure, the mass flow will be lower than

that obscrved at the critical pressure, ie, above the
critical pressure less mass flow is possible than at a
lower pressure. This phenomenon is known as choked
Sow.” For a more in-depth analysis of one-dimen-

sional, two-phase flow and the principle of choked
flow, the reader is referred to Wallis.!?

The study’s results suggest that an air pressure of
90 psi is above the critical pressure due to the lesser
degree of removal of machining marks observed (less
mass flow of abrasive particles). Unfortunately, be-
cause an estimate of the critical pressure is impos-
sible from our data, we arc unsure of whether 60 psi
is above or below the critical pressure. Further
research with differing air pressures would be neces-
sary to determine the critical pressure. However, of
more clinical relevance is the following question: “At
what inlet air pressurc is plaque and calculus effi-
ciently removed?”

Although there has been concern about the risk of
excessive abrasion caused by air-powder abrasive
prophylaxis devices, the present study indicates that
exposure to cither the Prophy-Jet system with so-
dium bicarbonate as the abrasive or the Microprophy
system with aluminum oxide as the abrasive does not
lead to significant surface alteration of a titanium
abutment cylinder surface, especially when an air
pressure of 90 psi is used. These findings confirm
those of Homiak et aP and show significantly less
surfacc alteration to titanium than that observed
with metal scalers, but slightly more surface alter-
ation than that observed with the use of plastic
scalers after 30 strokes with the respective prophy-
laxis instruments. However, one should realize that
the resultant surfaces in this study were representa-
tive of 60 seconds of exposure, a period of time that
equates to 12 prophylaxes on the assumption that
any one area of an abutment cylinder is exposed to
the abrasive spray for an average of 3 seconds per
prophylaxis. The fact that the machining marks were
still evident after 60 seconds of (reatment suggests
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Figure 7. SEM of aluminum oxide abrasive powder
(1,010x).
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that any abrasion and subsequent loss of titanium is
minimal. Although the greatest surface alteration
was observed with sodium bicarbonate particles at an
air pressure of 60 psi, the machining marks are still
visible.

The present study concentrated on the in vitro
effects of two different air-powder abrasive prophy-
laxis systems and two different inlet air pressures on
the surface of machined titanium. In vivo effects
were not evaluated, and the relative efficiencies of
the different experimental conditions in terms of
plaque removal from abutment cylinders and subse-
quent plaque adherence to the same cylinders have
not been reported. It is possible that an interceding
layer of plaque betwecen the abrasive spray and the
abutment cylinder may lead to surface alteration of
titanium that differs from that observed in this study
where uncontaminated titanium was used. Further
study to determine the ecffectivencss under con-
trolled clinical conditions of air-powder abrasive pro-
phylaxis systems, materials, and conditions of use is
indicated.

Conclusions

Neither of the tested systems caused significant
abrasion of the surface of Brinemark titamum abut-
ment cylinders. The Prophy-Jet system, which used
sodium bicarbonate particles (40 to 100 wm) as an
air-powder prophylaxis abrasive, seemed to cause
more surface alteration of a titanium abutment
cylinder than the Microprophy system, which used
aluminum oxide particles (<1 wm). The use of an
inlet air pressure of 90 psi seemed to cause less
surface alteration of the surface of a Brdncmark
titanium abutment cylinder than the use of an inlet

air pressure of 60 psi. The phenomenon of choked flow
is suggested as a cause for this apparent paradox.
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