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Abstract

Background: Electromagnetic induction heating is a newly developed disinfection method aimed at improving periprosthetic
infection outcomes after Debridement and Implant Retention (DAIR). One safety concern is its effect over polymethylmethacrylate
(PMMA). The objective of this in-vitro study is to assess such effect on cement adjacent to metallic arthroplasty components.
Methods: Two different PMMA products, with and without antibiotic, were applied on three total-knee arthroplasty implants. A
portable device was used to administer induction-heating protocols: 70 °C, 3.5 min and 100 °C, 3.5 min, while the third prosthesis
served as control. The 602cm ™! and 558 cm™! bands in Raman spectroscopy were used to assess isotactic and syndiotactic
components of PMMA, while 1339 cm ™!, 1295cm ™" and 882 cm ™' bands in infrared spectroscopy (ATR-FTIR) were used to
assess crystallinity. Results: Isotactic/syndiotactic ratios were 0.27(x0.02) for antibiotic-free cement, and 0.41(£0.02) for
gentamicin-loaded cement. After induction-heating protocols, isotactic fraction increased in antibiotic-free cement, and decreased in
gentamicin-loaded cement. No evidence of crystallization was found in ATR-FTIR, except for a small increase in 1340 cm ™! band
after 100 °C protocol. Conclusions: Spectroscopic techniques confirmed that PMMA only experienced minor structural changes
after induction heating treatments. From a structural viewpoint, these results suggest that electromagnetic induction heating could be
a safe disinfection technique for cemented implants in total knee arthroplasty.
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1 Introduction

Orthopedic implant infection is a major complication in
orthopedic surgery, with an incidence around 2% of all hip
and knee arthroplasties [1]. The presence of inert bioma-
terials adjacent to a joint cavity provides a suitable envir-
onment for infecting bacteria to adhere and grow, causing a
hindered host’s immune response, and the development of
bacterial biofilm furtherly reduces antibiotic efficacy as well
as phagocytosis. These features make periprosthetic joint
infection very difficult to manage. Current therapeutical
strategies usually involve multiple surgeries and aggressive
antibiotic therapy, often requiring implant removal and
prolonged periods of impairment [2—4].

Debridement and Implant Retention (DAIR) is the least
aggressive among the current surgical options with curative
intention, with limited indications and modest healing rates,
currently accepted to be around 50-80% [3]. Some further
disinfection methods have been devised in an attempt to
enhance healing rates of current treatments. Among those,
extrinsic physical agents such as electromagnetic induction
heating, electric pulses, photodynamic therapy or high-
energy plasma, are in various stages of development [5].

Electromagnetic induction heating takes advantage of the
electrical properties of metallic biomaterials to rise the
surface temperature of the implant, providing a heat-based
surface disinfection technique which is selective to the
biomaterial and thus minimizes the thermal effect on host
tissues, as well as contactless. Previous in-vitro studies have
shown antibacterial efficacy over biofilms of Gram-positive
bacteria with temperatures as low as 60 °C for 3.5 min [6].
Other studies by the same group assessed the efficacy of
electromagnetic induction heating on planktonic forms, as
well as synergistic effects with antibiotics and mechanical
scrubbing, and in all cases the bactericidal effect was
achieved below 70 °C [7-9].

In order to translate electromagnetic induction heating to
clinical practice, one of the main concerns is the effect of
temperature protocols on adjacent host tissues, as well as on
other biomaterials present in the prosthetic joint. In parti-
cular, assessing their effect on surgical cement is key to
understanding the applicability of this technique to well-
integrated cemented implants.

The main component of surgical cement is poly-
methylmethacrylate (PMMA), an amorphous thermoplastic
polymer. It is often synthetized during implantation surgery
from PMMA powder and a solution containing methyl-
methacrylate monomer and a catalyser. Cement hardening
takes place under pressurization between the implant and
the underlying bone, in an exothermic reaction which can
reach temperatures of 100-110 °C depending on the cement
layer width [10, 11]. It is hypothesized that this cement
interphase could attenuate thermal diffusion into adjacent
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bone, hence working as a protective barrier against thermal
bone necrosis. However, to our knowledge, the effect of
subjecting already-hardened cement to temperatures greater
than 60-70 °C has not been previously studied.

Our research group has developed a portable induction
device (Portable Disinfection System based on Induction
Heating (PDSIH), Patent solicitude EP22382889.8). This
portable design allows for segmental heating of metallic
implants with complex geometries and makes it more fea-
sible for its use in the operating room than static induction
plates used in previous studies [6-9].

The objective of this in-vitro study is to assess the effect
of electromagnetic induction heating protocols on surgical
PMMA cement adjacent to metallic arthroplasty compo-
nents, using the new PDSIH with our current segmental
heating protocols.

2 Materials and methods
2.1 Study design

For this in-vitro study, three total knee arthroplasty implants
(femoral and tibial metallic components) were cemented
with two different PMMA cement products, with and
without antibiotic, in the same way PMMA is applied to
implants in surgery. The first prosthesis was treated with the
standard induction-heating protocol, maintaining 70 °C for
3.5 min (Protocol 1). The second prosthesis was subjected
to a modified induction-heating treatment that surpassed
100 °C for 3.5 min, and served as a safety control (Protocol
2). The third prosthesis served as a control, and was left at
room temperature at all times (Protocol 3).

Posteriorly, cement samples were retrieved from the
fixation surface, and Raman spectroscopy and attenuated
total reflectance infrared spectroscopy (ATR-FTIR) were
used to assess chemical and microstructural changes in the
PMMA polymer.

2.2 Implants and cement

Three units of a posterior-stabilized total knee arthroplasty
model frequently used in Orthopedics departments all
around the world (Nex Gen ®, Zimmer, Warsaw, IN, USA)
were selected. Each prosthesis consisted of a Cobalt-
Chromium-Molybdenum (CoCrMo) femoral component,
and a Titanium-Aluminum-Vanadium (TiAlV) tibial com-
ponent, apart from other non-metallic components (Poly-
ethylene insert, patellar implant) which were not considered
in the present experiment.

Two different PMMA cement products frequently used
at our center were selected: radiopaque cement with gen-
tamicin (Simplex® HV with gentamicin Stryker REF
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Fig. 1 Gentamicin-bearing cement was applied on the external femoral
and tibial compartments, whereas antibiotic-free cement was applied
on the internal femoral and tibial compartments

6193-1-001, Stryker Corporation, Kalamazoo, Michigan,
USA), and radiopaque cement without antibiotic (Simplex®
P Stryker REF 6191-0-001). They were prepared separately
in cement mixers at atmospheric pressure. Both were
applied on the fixation surface of each component:
gentamicin-loaded cement was applied on the lateral
femoral and tibial compartments, whereas antibiotic-free
cement was applied on the medial femoral and tibial com-
partments (Fig. 1). Cement was manually pressurized at lab
temperature during hardening to obtain a cement layer
ranging from 2 to 10 mm.

2.3 Heating protocols

After cement hardening and cooling at lab temperature,
electromagnetic induction heating protocols were applied.
According to current literature [6, 7, 9, 12], efficacious
antibacterial treatments would require surface temperatures
of around 70 °C during 3.5 min.

The PDSIH system consisted of an induction coil con-
nected to a DC-AC (direct current to alternate current)
power stage, and a DC power supply, all housed inside a
sealable insulation housing. The shape of the system, with
the induction coil arranged at one end, allowed for seg-
mental treatment of complex. This heating was considerably
fast: depending on the geometry and size of the metallic
body, target temperatures on the studied components were
achieved in a lapse ranging from 30 to 90s.

No standard protocol for segmental heating of total knee
arthroplasty components is currently described in the lit-
erature. Thus, the following heating protocols using PDSIH
were designed for their feasibility in a surgical environment,
with special regard to the limitations of joint exposure in a
standard medial parapatellar surgical approach:

To attain 70 °C on the femoral component, PDSIH was
manually held 5 mm from the surface, with the potentiometer

Fig. 2 Schematic of standard induction-heating protocol (70 °C,
3.5 min). Fémur (left): slow 10-s sweeping movements are performed
4 times over each trochlear groove alternating direction and side. Two
5-s pulses are applied to each posterior femoral condyle. Tibia (right):
a 10-s pulse is applied to the center of the tibial plateau. Two 5-s
pulses are applied to each tibial compartment

knob fixed at 100%. Slow 10-s sweeping movements were
performed over trochlear grooves alternating direction and
side. This process was repeated 4 times for each trochlear
groove. Posteriorly, 5-s pulses were applied to each posterior
femoral condyle. Total heating time was 90 s.

The modified protocol for 100 °C on the femoral com-
ponent was similar to the previously described one, but
trochlear groove transits were repeated 8 times, and pos-
terior condyles required 20-s pulses. Total heating time was
200s.

To attain 70 °C on the tibial component, PDSIH was
manually held 5mm from the surface, with the potenti-
ometer knob fixed at 100%. It was held static over the
center of the tibial plateau for 10s. Posteriorly, two 5-s
pulses were applied to each compartment, alternating sides.
Total heating time was 30 s.

Modified protocol for 100 °C on the tibial component
started as previously described, but an extra 10-s pulse was
added to each tibial compartment. Total heating time was
50s.

The standard 70 °C, 3.5 min protocols are schematically
depicted in Fig. 2.

Surface temperature was continuously monitored with a
thermographic camera (Fluke® TiS75 + ) with emissivity
fixed as 0.22. Five-second pulses were applied on demand
to each compartment to keep surface temperature stable for
210s. Figure 3 shows characteristic thermographic images
during these heating protocols.

2.4 Spectroscopic characterization

From a structural perspective, PMMA can be divided into
isotactic, syndiotactic and atactic depending on the
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Fig. 3 Thermographic imaging
after induction heating protocols
using PDSIH. A Protocol 1,

70 °C for 3.5 min. B Protocol 2,
100 °C for 3.5 min

23/4/20

location of lateral methyl and methyl-ester groups. The
proportion of these isomers may determine the micro-
structural properties and mechanical behavior of the polymer
[13]. Raman spectroscopy and ATR-FTIR both register the
availability of different vibrational modes in the molecules
involved, and thus allow us to assess potential structural
changes following induction-heating treatment.
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2.5 Raman spectroscopy

As Raman spectroscopy is sensitive to both the isotactic and
syndiotactic PMMA structures, this technique allowed us to
assess the content of different stereoisomers in both bone
cements. It was also useful for detecting other components
besides PMMA polymer in bone cements, for example
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radiopaque additives such as barium sulfate or zirconium
dioxide [14, 15].

Sample areas from both cement products (gentamicin-
loaded and antibiotic-free) were selected from the layer
adjacent to the fixation surface on tibial and femoral com-
ponents. In prostheses subjected to induction heating (Pro-
tocol 1, 70 °C and Protocol 2, 100 °C), sample areas were
selected from regions that reached the highest temperatures
according to thermographic monitoring (Fig. 3). Three-four
Raman spectra were obtained for each sample area using a
Raman confocal spectrometer Alpha 300 M+ (Oxford
Instruments) with a 785 nm laser working at 55 mW power,
with a 6 s integration time and 210 accumulations. All spectra
were normalized to the intensity of the 1728 cm™! band,
corresponding to vibration of the C = O group. The relative
intensities of the 602cm™" and the 558 cm™' bands, corre-
sponding to syndiotactic and isotactic PMMA respectively,
were assessed. Also, the area ratio between the 1640 cm™!
and the 1728~ bands was calculated, which is related to the
presence of methylmethacrylate monomer. The results
reported hereafter correspond to tibial components, as similar
results were obtained for femoral components.

2.6 Infrared spectroscopy

ATR-FTIR was selected for its sensitivity with respect to
changes in the crystalline fraction of PMMA [16-18].

Cement samples of both PMMA products were selected
from areas that reached the highest temperatures in femoral
components. ATR- FTIR spectra were obtained with a
VERTEX 70 (Bruker) spectrometer with diamond acces-
sory, with a 4 cm™! resolution in the 600—4000 cm ! rank.
Opus (Bruker) software was used for baseline correction
and normalizing. Measurements were focused on the
882cm ', 1295cm™' and 1339cm' bands, which are
sensitive to changes in PMMA crystallinity, and have been
used to assess the evolution of the crystalline component of
PMMA polymer after annealing between 90 °C and 120 °C
[18-20].

3 Results
3.1 Raman spectroscopy

Raman spectroscopy allowed discrimination between anti-
biotic free and gentamicin loaded bone cements. In addi-
tion, it was possible to detect ZrO,, which is used as a
radiopaque agent in the gentamicin-loaded PMMA. Some
of the Raman bands of ZrO,, namely the bands at 554 cm™!
and 610cm™!, overlapped the 558cm ' and 602cm™!
bands corresponding to isotactic and syndiotactic PMMA,
respectively. This was not the case for the antibiotic-free

cement, as the radiopaque additive was BaSO,. Repre-
sentative Raman spectra of PMMA with and without anti-
biotic (Fig. 4A), as well as a comparison between
gentamicin-loaded PMMA and ZrO, are shown (Fig. 4B).

The intensities of the 602 cm ™! and the 558 cm ™! bands
in the Raman spectra of both bone cements allowed us to
estimate the relative amounts of syndiotactic and isotactic
PMMA, respectively. A comparison between bone cements
with and without antibiotic in the region containing the
558cm~! and 602cm™! bands, indicating also the
ZrO, contribution, is shown in Fig. 5. In the control group,
not subjected to induction heating protocols, the isotactic/
syndiotactic ratios were 0.27(+0.02) for the antibiotic-
free cement, and 0.41(x0.02) for gentamicin-loaded
cement (Table 1). Therefore, both bone cements were pre-
dominantly syndiotactic, as confirmed by Raman
spectroscopy.
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Fig. 4 A Representative Raman spectra of antibiotic-free (PMMA-S)
and gentamicin-loaded (PMMA-A) cement. B Representative Raman
spectra of gentamicin-loaded PMMA and ZrO2
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Fig. 5 Raman spectra of antibiotic-free (PMMA-S) and gentamicin-
loaded (PMMA-A) cement in the 500 cm™'=700 cm™ region. The
558cm-1 (isotactic PMMA) and 602cm™’ (syndiotactic PMMA)
bands, as well as the ZrO2 contribution, are indicated

Table 1 Intensities of the 558 and 602 cm™' bands (relative fraction
+95% CI) in control samples

558 cm™!/ 602 cm™!/ 558 cm™/
1728 cm™! 1728 cm™! 602 cm™!
ISOTACTIC  SYNDIOTACTIC /S RATIO
Antibiotic- 0.81+0.13 2.97+0.33 0.27 +0.02
free
PMMA
Gentamicin- 1.28 +0.07 3.14+0.01 0.41+0.02
loaded
PMMA

Upon induction heating protocols, both bone cements
experienced some changes in their Raman signal, specifi-
cally in the 500 cm™'-700cm™' region of their Raman
spectra (Fig. 6A-D). Thus, antibiotic-free cement showed
increases in the relative intensity of the 558 cm ™! band up to
0.86(=0.04) and 0.87(x0.06) after the 70 °C and 100 °C
protocols, respectively. However, gentamicin-loaded
cement presented decreases in the 558 cm™! band, down
to 0.86 (= 0.13) and 0.86(x 0.03) after the 70 °C and 100 °C
protocols, respectively. Despite the changes observed, both
bone cements kept being predominantly syndiotactic upon
induction heating, as reflected in the isotactic/syndiotactic
intensity ratio results (Table 2).

The presence of methylmetacrylate monomer was asses-
sed by means of the area ratio between the 1640 cm ™! and the
1728 cm™! bands. For antibiotic-free cement, this area ratio
was 0.04(+0.04) for the control sample, whereas it slightly
decreased for samples subjected to induction heating proto-
cols, down to 0.03(+0.02) and 0.02( + 0.02) after Protocol 1
and Protocol 2, respectively. As for the gentamicin-loaded
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cement, the area ratio was 0.05(x0.01) in the control sample
and 0.05(x0.02) and 0.02(%0.01) after Protocol 1 and
Protocol 2, respectively. These results suggest that electro-
magnetic induction protocols reduced the amount of unpo-
lymerized methylmetacrylate in both bone cements.

3.2 ATR-FTIR spectroscopy

No significant differences were found between antibiotic-
free and gentamicin-loaded cement control samples through
ATR-FTIR spectroscopy. In particular, no intensity peaks
were observed at the 1339 cmfl, 1295 cm~! and 882 ¢cm™!
frequencies, which are typical crystalline sensitive bands for
PMMA, suggesting that the polymer was mainly amor-
phous in both bone cements. Figure 7 shows representative
ATR-FTIR spectra of antibiotic-free and gentamicin-loaded
PMMA, focusing on the 600—1800 cm™! region (6B).

After both induction heating protocols, vibrational bands
at the 1339 cm ™', 1295 cm ™! and 882 cm™! frequencies were
still absent in the ATR-FTIR spectra of antibiotic-free bone
cement (Fig. 8). The only observed variation was a slight
increase in the 1540 cm™! band. These findings suggest that
electromagnetic induction heating protocols promoted no
significant crystallization in the antibiotic-free PMMA.

In gentamicin-loaded PMMA, no changes were observed
in the ATR-FTIR spectra upon the 70 °C induction heating
protocol (Fig. 9). However, a very slight increase appeared
in the 1340 cm™! band after the 100 °C protocol, whereas
no new bands appeared at 1295 cm ™' and 882 cm ™! (Fig. 9).
Also, an increase in the 1540 cm™! band, similar to that
registered for antibiotic-free bonr cement, was observed.
These results suggest that the electromagnetic induction
heating at 70 °C promoted no significant crystallization in
the antibiotic-free PMMA.

4 Discussion

To our knowledge, all previous studies on electromagnetic
induction heating [6-9, 12] focused on the in-vitro efficacy
of this technique, assessing its microbicidal activity over
planktonic forms or biofilms. Translation of electromagnetic
induction to clinical practice would require adapting the
heating protocols to the surgical environment, as well as a
comprehensive study of multiple safety concerns. In this
paper, one of said safety concerns is addressed. Also, a
surgically-feasible induction-heating protocol over a total
knee prosthesis is described for the first time.

4.1 Raman spectroscopy

Raman spectroscopy was used to assess the content of
isotactic and syndiotactic stereoisomers of PMMA by
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Fig. 6 Representative Raman spectra of antibiotic-free, (A) and gentamicin-loaded, (C) PMMAs subjected to induction heat protocols and zoom in

of the 500 cm™'=700 cm™ region, (B) and (D) respectively

Table 2 Intensities of the 558 and 602 cm™' bands (relative fraction
+95% CI) after induction heating protocols

558 cm™Y/ 602 cm™/ 558 cm™/
1728 cm™! 1728 cm™! 602 cm™!
ISOTACTIC SYNDIOTACTIC  I/S RATIO
Antibiotic-free PMMA
Control 0.81+0.13 2.97+0.33 0.27 £0.02
Protocol 1 0.86 +0.04 2.25+0.20 0.39 +0.05
(70 °C)
Protocol 2 0.87 +0.06 2.38+0.12 0.36 +0.02
(100 °C)
Gentamicin-loaded PMMA
Control 1.28 +0.07 3.14+0.01 0.41 £0.02
Protocol 1  0.86+0.13 2.78 +0.84 0.33+0.11
(70 °C)
Protocol 2 0.86+0.03 3.30+0.15 0.26 0.02
(100 °C)

measuring the intensities of the 558 cm™!' and 602 cm™!
bands, relative to the 1728 cm~! band. Both cements,
antibiotic-free and gentamicin-loaded, were predominantly

syndiotactic, with isotactic/syndiotactic fractions of 0.27
and 0.41 respectively. These results may suggest that
gentamicin-loaded PMMA bore a greater isotactic content.
However, this difference may have been overestimated due
to the contribution of a 554 cm ™! band representative of the
ZrO, radiopaque additive in this cement, so this conclusion
should be taken with caution.

After induction-heating, an increase in the isotactic
fraction was measured in the antibiotic-free cement. On the
contrary, in the gentamicin-loaded cement the isotactic
content seemed to decrease down to a 0.26 fraction, similar
to that of antibiotic-free PMMA. Both changes were slight
and in opposite directions, but could be explained by ther-
mal scission of lateral methoxycarbonyl groups. Although
PMMA crystallization is difficult due to the high mono-
meric friction and the presence of methyl and methyl-ester
lateral groups, these changes in the isotactic content moti-
vated us to assess the PMMA crystallinity via ATR-FTIR
spectroscopy, since this technique is sensitive to it.

Regarding the area ratio between the 1640cm ™' and
the 1728 cm ™! band, both bone cements showed very low
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Fig. 7 A Representative ATR-FTIR spectra of antibiotic-free (PMMA-
S) and gentamicin-loaded (PMMA-A) cement. B Crystalline sensitive
bands, namely 1339 cm™', 1295 cm™ and 882 cm™!, were absent in the
600 cm™'—1800 cm™ region for both antibiotic-free (PMMA-S) and
gentamicin-loaded (PMMA-A) bone cements

———PMMA S CONTROL
PMMA S +P1(70C)
-~ PMMA S + P2 (100 C)

1295 cm”

Absorbance (a.u.)

1339 cm’”

' T o s T * T - T v

T
1800 1600 1400 1200 1000 800 600

Wavenumbers (cm™)

Fig. 8 ATR-FTIR spectra of antibiotic-free cement subjected to
induction heating protocols. Crystalline sensitive bands, namely
1339 cm’l, 1295 cm ™! and 882 cm’l, were absent
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Fig. 9 ATR-FTIR spectra of gentamicin-loaded cement subjected to
induction heating protocols. Crystalline sensitive bands at 1295 cm™
and 882 cm™! were absent

concentrations of methylmethacrylate monomer even in
control samples. A decrease of monomer after induction
heating was suggested for both cements, especially for the
antibiotic-free PMMA, due to a reactivation of the poly-
merization process. However, these variations were very
slight compared to the 95% confidence interval magni-
tude, and thus no conclusions can be drawn from
these data.

4.2 ATR-FTIR spectroscopy

ATR-FTIR spectroscopy did not show any differences
between antibiotic-free and gentamicin-loaded control
samples. Variations in PMMA crystallinity after annealing
processes or exposure to different solvents have been
reported to show bands at 1339 em™!, 1295cm™! and
882 cm~! [16-20]. However, no such bands were present
either in control samples, or in samples subjected to the
70 °C induction heating protocol, suggesting that PMMA
remained mostly amorphous even after this treatment. An
isolated increase in the 1340 cm ™! band was observed after
the 100 °C protocol in gentamicin-loaded cement, suggest-
ing an incipient crystallization process at this temperature.

In addition, an increase in the 1540cm™' band was
observed in both cements after induction heating protocols.
This band has been previously reported to be due to an
increase of C =C unsaturations after lateral methox-
ycarbonyl elimination [21], possibly through thermal
scission.

In our view, the present findings do not imply relevant
chemical or microstructural changes in the PMMA cement.
These results suggest that electromagnetic induction heating
disinfection techniques could be safe regarding their effects
on the cement mantle.
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One limitation of this study is the difficulty of Raman
spectroscopy data interpretation regarding the isotactic
PMMA content, due to the presence of zirconium dioxide in
one of the cement products. Another limitation would be the
low rank of temperatures studied, because our results did
not define a temperature threshold where microstructural
changes begin to be relevant. However, our goal was not to
define such a threshold for PMMA failure, which may be in
the order of hundreds of Celsius degrees. High temperatures
could imply other potential risks besides changes in the
PMMA such as necrosis of adjacent host tissues, and thus
are not relevant for the clinical applicability of this techni-
que. Previous experiments in the field [6, 7, 9, 12, 22]
showed that antibacterial efficacy was achieved at 70 °C,
and this temperature was used to address safety to adjacent
tissues in a recent study performed by our group [23], which
characterized the in-vivo effect of induction heating on the
adjacent bone using rabbit femora. Yet another limitation
would be that only three sample groups were studied: those
obtained from a standard 70 °C, 3.5-min protocol prosthesis
(which would be the clinically-translatable treatment), those
from a high-temperature control, and from a low tempera-
ture control, whereas other modifications of the standard
protocol might also be interesting. In addition, our results
may not be directly extrapolated to an in-vivo scenario,
because the final temperature in the cement layer may be
affected by thermal diffusion of adjacent tissues and blood
supply, and the presence of fluids in a surgical environment
acting as solvents may furtherly affect the PMMA response
to induction heating. Also, the absence of relevant chemical
or microstructural variations does not necessarily imply that
the macroscopic mechanical properties of the PMMA
cement layer remain unchanged. Mechanical resistance
studies, as well as in-vivo experiments assessing safety for
adjacent tissues, would be needed to fully understand the
safety and applicability of electromagnetic induction heat-
ing disinfection techniques. Finally, further studies regard-
ing the quality and duration of the bone-cement interphase,
along with the potential loosening of the implants in the
long term, would be required.

5 Conclusions

The spectroscopic characterization performed in this study
allowed us to assess potential structural changes in the
PMMA bone cement after electromagnetic induction
heating of orthopedic components. Variations in the iso-
tactic and syndiotactic fractions of PMMA were observed
after induction-heating protocols, probably due to lateral
methoxycarbonyl  thermal  scission.  Nevertheless,
these changes were slight, and their amount and direction
varied with the cement product considered. Moreover, no

changes in PMMA crystallinity were observed via ATR-
FTIR spectroscopy after the standard 70 °C induction
heating protocol. Only very incipient crystallization signs
were noted in the safety control group subjected to a
100 °C modified protocol. Overall, our results suggest that
electromagnetic induction heating generated no relevant
structural changes in the PMMA cement mantle at the
standard protocol conditions. Therefore, regarding its
effects on the cement mantle, our standard 70 °C induction
heating protocol could be regarded as a potentially fea-
sible disinfection technique for cemented implant disin-
fection in total knee arthroplasty.
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