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1. Introduction

Abstract

Bone cement (BC) is widely used in different
orthopedic surgeries like prosthetic, osteoporotic
fracture surgery and joint replacement surgeries. The
two types of BC that are used most frequently are
polymethyl methacrylate (PMMA) and calcium
phosphate-based cement (CPC). Although useful in
practice, BC emits poisonous gases during preparation
and if in contact with patients or healthcare workers,
results in respiratory, dermal and cardiovascular harms.
Evaluating and taking off BC during the revision
surgery are challenging, and multiple methods are used,
mechanical method chemical method, and ultrasonic
waves. Extracorporeal ultrasound waves (EUW)s is
other way of removing BC without necessitating
invasive measures through applying heat and vibration
in removing the cement-bone interface. While studies
have shown the efficacy of EUW in clinical and
experimental cases of BC removal the costs involved
cannot allow their expanded use in orthopedic surgery.
In this review, the author examines the mechanisms of
generating heat and mechanical vibrations through the
application of ultrasound waves that help in breaking
off the cement-bone bond in open and minimally
invasive surgical operations. The clinical uses of EUW
range over many types of operations, it provides a safe
and efficacious mode of treatment besides mechanical
and chemical modalities. However, there are always
some possible weaknesses of using LASER though the
strengths hence include, increased efficiency, and
accuracy of the operation Conversely, possible demerits
of using LASER includes for instance, there is always a
possibility of thermal effect on the neighboring tissue.

Keywords: Bone cement, ultrasonic waves, PMMA,
Extracorporeal ultrasound waves

to the patient and the surgical crew as they can inhale
toxic fumes arising from the preparation of the agent
in case there is inadequate ventilation. The risk factor
depends on the mode and period of exposure to
these vapors. BC exposure can lead to skin, nervous
system, respiratory, and cardiovascular issues [1]. It
plays a fundamental role in the healing of
osteoporotic vertebral fractures, prosthetic

Bone cement(BC) is a bone spacer and belongs
to the group of materials that are most frequently
used in operating rooms. Concerning the type of BC
there are various forms of which the two most used
are polymethyl methacrylate (PMMA) and calcium
phosphate-based BC (CPC) [1, 2]. BC remains toxic
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replacement, fixing of the implant to the bone, total
knee arthroplasty, end-stage arthritis treatment in the
knee and dentistry [3, 4]. The two main techniques
used for the BC insertion are transdermal
vertebroplasty and spinal kyphoplasty [5].

Removing of BC is an important step in the
revision surgery accompanied by vigorous problems,
including incomplete cement removal, periprosthetic
fractures, holes [6]. So, several techniques are
proposed to remove BC without any complications.
A cortical hole is created above the cement plug using
rasps to facilitate its extraction. This method takes
longer than expected and requires precise planning to
choose the correct size and position of the opening.
The technique can be challenging because the bone is
tightly attached to the BC. The hole must be secured
with cerclage wires to prevent any defects [7]. Cement
removal rasps eliminate some of the BC easily, but
the remainder crumbles, making it difficult to fully
remove. As a result, the time required for complete
cement removal is prolonged, leading to fatigue for
the surgical team. Hands-free circular burs are useful
only in bones with large canals. The small size of the
burs tends to wear away bone, which offers less
resistance than the cement, as is often the case with
tibias that have narrow canals, a common occurrence
in our society. Sometimes a distal cement drill is
applied, managed by radiography. Once the hole is
penetrated, the cement plug can be gradually drilled
out. However, since these drills are not designed for
this task, they do not remove the cement very well. If
the guide is not well aligned and the drill meets the
bone, it tends to erode the bone, resulting in cortical
holes. Another method involves using specific
fixation techniques. After inserting a standard metal
rod through the cement plug, the entire space is
recemented. After polymerization, it is removed with
hammer, allowing the elimination of both new and
old cement, with the old cement adhering more
intensely to the new cement than to the bone [7].

Extracorporeal ultrasound wave (EUW) is a non-
surgical technique of therapy. Many papers
investigate the effects of shock waves on bones
research [8]. A procedure that applies ultrasound to
break the BC interface allows the cement to be
removed using clamps and rasps. Ultrasonic probes
generate vibrations inside the bone using an elevation
in local temperature to soft the cement-bone
interface and cause thermal damage to the
surrounding tissue. This procedure is not available in
some centers due to its high cost [7].

2.Ultrasonic Waves: Mechanism and
Principles

Ultrasonic waves are sound waves that travel as
longitudinal oscillations through a medium, typically
used in medical imaging or treatments. They consist
of high- and low-pressure phases that propagate
energy, with water, air, fats, body fluids, bone, and
soft tissues being common media for clinical
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ultrasound [9]. Frequency refers to the number of
cycles per second, measured in Hertz (Hz). It
determines how often the waves oscillate within a
second. Clinical ultrasound operates at frequencies
higher than 20 MHz, which is above human hearing
range [10]. Wavelength is the physical distance
between two successive wave peaks, while period is
the time for a full wave cycle to complete. Frequency
and period are inversely related: higher frequency
means shorter periods. Amplitude represents the
strength of a wave, measured by the height from the
peak to the baseline. Power in ultrasound refers to
the square of the amplitude, and both power and
amplitude can be adjusted by the sonographer to
enhance image quality. Intensity describes the amount
of power delivered over a specific area, typically
expressed in watts/cm?. The highest intensity, called
the spatial peak, is where the ultrasound beams are
most focused [11]. Ultrasonic waves are typically used
in a pulsed mode, where short bursts of waves are
emitted by the probe, allowing them to reflect as
echoes when encountering different tissues. The time
it takes for these echoes to return helps create an
image, with denser materials reflecting more sound
and appearing brighter on the screen (e.g., bone),
while less dense materials appear darker (e.g., fluids).

3. Mechanism of BC removal by
extracorporeal ultrasonic waves

Ultrasonic waves are especially useful in clinical
settings for their non-invasive capabilities, such as
breaking down BC or softening tissue interfaces. The
frequency used affects the depth and resolution of
the image: higher frequencies provide better
resolution but lower penetration, while lower
frequencies allow deeper penetration at the cost of
resolution [12]. Previous studies have demonstrated
that cement-in-cement techniques are reliable for
revision arthroplasty. In most cases, the initial cement
mantle is reconstructed, thus enhancing stem
positioning and handling significantly. Ultrasonic
devices for example in the Orthosonics System for
Cemented Arthroplasty Revision Removal (OSCAR
)selectively removes cement with much less impact
on host bones and this has lower cortical perforation
rates compared to other techniques. Nevertheless, the
study of the effect of ultrasonic devices on the final
cement-in-cement bonds had not been conducted
[13].

In revision arthroplasty one other critical
component is that of extracting the bone cement
without a hitch and safely. Conventional methods
which may include manual or power- assisted
removal may be in-efficient and may cause
osteotomy, leading to cortical perforation, fractures,
and bone loss. Ultrasonic devices are therefore
another technique that utilizes conversion of
mechanical vibration into heat to soften the cement.
This makes it possible to remove the cement
selectively without compromising the holding ability
of the bone, avoids cortical perforation and in most
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cases avoids the need for an osteotomy. However, it
has a thermal risk that could cause an injury
depending on the point location in relation to the
train. This review covers the principles of operation
of ultrasound and its uses, most especially concerning
ways of avoiding excessive heat generation [14].

Assessment of the OSCAR device was carried
out on cement removal efficiency and its influence on
cement-in-cement bonding was also analysed by
Liddle et al.,. Twenty four specimens were made
using Simplex P Bone Cement (Stryker) and poured
into stainless steel molds where the central rods were
mechanically extracted after the cement had set.
These specimens were divided into three groups
based on their internal surface preparation: burr,
OSCAR, and no treatment. The interior voids were
then rehealed with cement, and the samples were cut
into 5 mm slabs for shear break force determination.
The tests were performed by a technician unaware of
the sample groupings and SEM was used to surface
imaging of shear tested specimens. It was noted that,
My results showed that the mean shear strength for
the specimens treated with OSCAR was lower than
that of the control and burr treated groups. There
were no differences in variance in the control and
burr groups. In the current study, SEM analysis of
the OSCAR treated specimens was noted to have
porosity which was not present in previous
researches. The results of the present in vitro study
propose that ultrasonic cement removal decreases the
ultimate cement-in-cement bonds more than
conventional techniques or no therapy at all.
Therefore, preference should be given to more
detailed evaluation when selecting surgical methods
used in the removal of cement in revision
arthroplasty [13].

Roitzschet., focused on the efficiency of
ultrasonic-based PMMA removal during septic total
joint arthroplasty revision, a procedure associated
with a high risk of bone fractures and perforations.
Ultrasonic cement removal, using the OSCAR-3-
System, was tested in a human cadaver model where
femoral components of hip and knee prostheses were
implanted and subsequently removed. The analysis
showed that over 99% of PMMA was successfully
removed using ultrasound, with only minimal
residues detected, mostly smaller than 1 cm.
Although ultrasonic removal proved highly effective,
further investigations are needed to understand the
clinical impact of the remaining small PMMA
fractions on periprosthetic joint infection rates [15].

4. Mechanism of bone cement extraction
4.1. Use of instruments and manual tools

Although many categories of instruments to get
rid of inserts are manual tools, some are recently
advanced power and ultrasonic implements [16].

The process of substitutions of artificial inserts
has evolved from the use of sharp manual devices to
more advanced techniques involving mechanical
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vibrations and ultrasound waves [17, 18, 19]. Earlier
approaches relied on drilling into the bone cement to
reduce its volume, while utilizing sharp instruments
such as reamers, saws, and chisels [20], as depicted in
Figures 1 and 2. These methods were often time-
consuming and carried significant risks, such as bone
perforation or fractures.

Figure (1): Manual tools for Cemented revision
[21]

Figure (2): Hand tools for implant and cement
removal [21]
4.2. Effect of Ultrasound on Bone Cement

Bone cement possesses biological properties that
allow it to remain in the body without causing
complications [22]. Efforts have been made to
enhance materials that promote bone growth without
compromising the stability and functionality of the
implant [23, 24]. The incorporation of antibiotics into
bone cement [25-27] has been studied for its
potential impact on mechanical properties; however,
it has shown no significant effect on movement or
other key mechanical aspects of the cement [27].
Ultrasonic waves have been effectively used to soften
the cement securing an implant [18]. Despite the
benefits, this method comes with drawbacks, such as
the high cost of the equipment, which often leads
surgeons to rely on mechanical tools like groovers,
scrapers, piercers, hammers, and osteotomes to
remove larger pieces of cement. The use of these
manual tools makes the implant removal process
both time-consuming and hazardous. Figure 3
illustrates the osteotome, an orthopedic surgical
instrument, used for removing bone cement from a
bone cavity [18].
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Figure (3): The osteotome instrument, which can be
used to break up the cement mantle [21].

Bone cement can be softened by converting
mechanical vibrations into thermal energy, making
cement removal more efficient. However, heat
generated during this process can lead to
complications, especially when performed in vivo
[28].

The OSCAR system utilizes ultrasound waves to
remove bone cement from within a bone cavity. The
ultrasound energy is transmitted to a long probe with
an oscillating tip that liquefies the cement locally,
allowing for easier removal through scraping.
Originally developed in the laboratory [29], the
OSCAR system has evolved into the OSCAR 3,
incorporating experimental data from recent patient
studies [19, 30]. This advancement differentiates
between laboratory-based implant removal and in
vivo procedures [31].

Research indicates that the implant's location
and fixation within the body affect the ease of cement
removal. For instance, replacing a femoral stem poses
significant challenges using conventional methods,
particularly when the implant is firmly anchored in
bone cement [32]. During surgeries where ultrasound
and thin probes are used to remove cement adhered
to the bone, the process can take up to 15 minutes
for a single area [33].

Efforts to convert electrical energy into
mechanical action for heating and liquefying bone
cement [34, 35] have shown potential, as this
approach simplifies the removal process. However,
challenges related to time and temperature during
liquefaction remain.

5. Discussion:
Bone cement has become very popular as it has
multiple applications in orthopedic surgeries,
including vertebral fracture repair, implants scalpel
fixation, and joint replacement [36, 37].
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Fortunately, it is generally well tolerated, However,
it has been shown that its removal during the
course of revision surgery can be complex and
potentially hazardous. It is also important to
realised that the conventional methods of
removing BC include wuse of mechanical
instruments such as rasps and drills [38]. These
techniques are often tiring and can take a long time
to complete, in addition to making surgical
procedures riskier because of the likelihood of
bone fractures and perforation [39].

In recent years ultrasonic method has gained more
attention as it is more effective and less invasive in
nature [40]. Since ultrasonic waves can soften the
cement, its removal is achieved with less invasion
on the rest of the tissues [41]. One of the most
often used system for this reason is the OSCAR
system [42]. This method appears to be generally
effective at BC removal but there is some evidence
that its application may compromise cement-in-
cement bond strength [43]. Nonetheless, manual
methods are still used occasionally today because
automated ones are not perfect; they have higher
risks and procedural times.

An essential consideration of ultrasonic cement
removal that deserves mentioning is the
development of heat; when inappropriately used, it
can cause adverse effects on tissue [44, 45]. These
include; setting of the device, type of tissue and the
nature of the surgical procedure. Elevation of the
temperature can cause cell damage or death in
bone, muscle and nervous tissues [45]. However,
application of ultrasonic devices in surgical
operations have been found to reduce heat
production than conventional methods and
enhances bone healing [46, 47, 48]. The treatment
requires temperature control during the procedure,
to avoid thermal tissue damage; therefore,
ultrasonic instruments are believed to be safer and
more effective for the overall BC removal
[49,50,51].

However, more future studies are required to
optimize the success and safety of the removal of
BC in relation to revision arthroplasty.

6. Conclusion:

Bone cement is widely used to fix orthopedic and
dental implant devices still, it is difficult to remove
when used in revision surgeries. EUW presents a
simple and effective way of BC removal which has
no damaging impact on the bone as opposed to
other techniques. Nevertheless, thermal injury and
retention of cement are problems that have to be
evaluated and managed cautiously. More research
and development in EUW technology are still
required to help achieve a better trade-off between
treatment effectiveness and possible side effects in
clinical setting. The results point out that no
further research has been done to find out
alternative safer methods with improved efficiency
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of BC removal to offer better results to patients
undergoing revision surgeries.
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