ResearchGate

See discussions, stats, and author profiles for this publication at:

Effect of Pulsed Electromagnetic Fields on
Human Osteoblast Cultures

Article /n Physiotherapy Research International - June 2013

DOI: 10.1002/pri.1536 - Source: PubMed

CITATIONS READS
12 89

6 authors, including:

Universita Campus Bio-Medico di Roma Universita Campus Bio-Medico di Roma
189 PUBLICATIONS 1,773 CITATIONS 34 PUBLICATIONS 1,319 CITATIONS
SEE PROFILE SEE PROFILE

Catholic University of the Sacred Heart @ Universita degli Studi di Salerno

217 PUBLICATIONS 4,656 CITATIONS 1,344 PUBLICATIONS 30,321 CITATIONS
SEE PROFILE SEE PROFILE
Allin-text references are linked to publications on ResearchGate, Available from: Nicola Maffulli

letting you access and read them immediately. Retrieved on: 24 August 2016


https://www.researchgate.net/publication/230880270_Effect_of_Pulsed_Electromagnetic_Fields_on_Human_Osteoblast_Cultures?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_2
https://www.researchgate.net/publication/230880270_Effect_of_Pulsed_Electromagnetic_Fields_on_Human_Osteoblast_Cultures?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_3
https://www.researchgate.net/?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_1
https://www.researchgate.net/profile/Rocco_Papalia?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Rocco_Papalia?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Universita_Campus_Bio-Medico_di_Roma?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Rocco_Papalia?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Laura_Ruzzini?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Laura_Ruzzini?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Universita_Campus_Bio-Medico_di_Roma?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Laura_Ruzzini?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Alessandro_Sgambato?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Alessandro_Sgambato?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Catholic_University_of_the_Sacred_Heart?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Alessandro_Sgambato?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_7
https://www.researchgate.net/profile/Nicola_Maffulli?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_4
https://www.researchgate.net/profile/Nicola_Maffulli?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_5
https://www.researchgate.net/institution/Universita_degli_Studi_di_Salerno?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_6
https://www.researchgate.net/profile/Nicola_Maffulli?enrichId=rgreq-bcf0ff41de24aae3eed2e9e68f0ceb3d-XXX&enrichSource=Y292ZXJQYWdlOzIzMDg4MDI3MDtBUzoxNzY3NzEzNzQ3ODg2MDhAMTQxOTE1Njk4ODY5MA%3D%3D&el=1_x_7

Article ID
1[5]3]6

Journal Code
PIR[I]

Dispatch: 12.09.12 | CE: Patrimonio, Pat
No. of Pages: 6 ME:

[
5

hl

RESEARCH ARTICLE

Effect of Pulsed Electromagnetic Fields on Human
Osteoblast Cultures

@ Simona Barnaba', Rocco Papalia®, Laura Ruzzini', Alessandro Sgambato?, Nicola Maffulli** &

E:)ltroduction

Vincenzo Denaro MD'

"Department of Orthopaedic and Trauma Surgery, Campus Biomedico University of Rome, Via Alvaro del Portillo 200, Rome, Italy
2Giovanni XXIIl Cancer Research Center-Institute of General Pathology, Catholic University, School of Medicine, Largo Agostino Gemelli, 8,
Rome, ltaly

3The Centre for Sports and Exercise Medicine Barts and The London School of Medicine and Dentistry, Mile End Hospital, London, UK

Abstract

Background and Purpose. Exogenous electromagnetic fields (EMFs) affect bone metabolism, but the mechanisms
responsible for this phenomenon are unclear. Pulsed EMFs (PEMFs) can be effective in the management of congenital
pseudarthrosis or delayed union or non-union of fractures. We investigated the effects of PEMFs used in clinical practice
on human osteoblast cultures. Methods. Primary osteoblastic cells were isolated from a human femoral head. Cultures
were exposed to the PEMF stimulation for 72 hours, 7 and 10days and compared with a control group of primary
osteoblastic cells non-exposed to PEMEF. Cell growth and alkaline phosphatase activity were evaluated in the osteoblast
cell cultures at each observation time. Results. At each observation time, the differences in cell numbers between
PEMF-exposed cells and control group were statistically significant (p < 0.05). The alkaline phosphatase-specific activity

EMF-exposed osteoblast cultures showed a statistically significant (p < 0.05) increase when compared with the
control group after 7 and 10 days of exposure. Conclusions. The application of PEMF stimulation on human osteoblasts
accelerates cellular proliferation when compared with a control group of non-PEMF-exposed cells. Copyright © 2012
John Wiley & Sons, Ltd.
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partially unexplained, and the data regarding the effect

er the experiments of Yasuda et al. (1955) on the of both pulsed electromagnetic fields (PEMFs) and static

effect of electrical stimulation on bone metabolism,
electrically induced osteogenesis has been studied
intensely both in vivo and in vitro (Spadaro, 1997, Yasuda
et al., 1955). Despite clinical success, the mechanism by
which electrically induced osteogenesis occurs remains

Physiother. Res. Int. (2012) © 2012 John Wiley & Sons, Ltd.

magnetic fields (SMF) on osteoblast proliferation and
differentiation have been contradictory.

Biophysical inputs, including electric (EF) and
electromagnetic fields (EMFs), regulate the expression
of genes for structural extracellular matrix (ECM)
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Pulsed Electromagnetic Fields on Osteoblasts

proteins resulting in acceleration in tissue repair.
EF and EMFs can increase the synthesis of growth
factors through activation of cell signal transductions,
enhancing in this way endochondral bone formation
(Aaron et al., 2004).

Electromagnetic fields affect different aspects of
biomolecular synthesis in cells, including the kinetics
of DNA, RNA and protein production (Liboff et al,,
1984). Increased DNA and proteoglycan synthesis has
been observed in chondrocytes, whereas fibroblasts
showed altered collagen and proteoglycan synthesis
(Farndale and Murray, 1985, Lee and Pelker, 1985).

There are three different methods of EF/EMF bone
growth stimulation: capacitive coupling using electrodes
placed on the skin, direct current stimulation using
implanted electrodes and electromagnetic stimulation by
inductive coupling using time-varying magnetic fields.
Clinical application of the latter category is possible

ough two different Food and Drug Administration

A)-approved technologies: PEMF and combined
magnetic fields (Pilla, 2002). The use of PEMF was
approved by the FDA in 1979 and has been used clinically
for over 26 years. Initially, this form of athermal energy
was used as a salvage option for patients with long-
standing bone non-unions resistant to conventional forms
of surgical treatment. PEMF can promote healing of acute
fractures, delayed union and non-union of fractures,
congenital pseudarthosis and failed arthrodesis (Taylor
et al,, 2006). PEMF appears to affect already differentiated
bone cells through various transduction pathways and
growth factors, decreasing osteoclastic resorption and
increasing osteoblastic bone formation (Taylor et al.,
2006). Studies using bone cell cultures showed that
electromagnetic stimulation with PEMF promoted DNA
synthesis within the osteoblasts, suggesting in this way a
probable influence of EMF on cell nuclear mechanisms
(Goodman et al., 1985, Korenstein et al., 1984).

Static magnetic fields are a different type of EMF
mainly used in dentistry (Darendeliler et al., 1995, Riley
et al.,, 2001) Although there are studies supporting that
PEMF are more effective in stimulating bone metabolism
(McLeod and Rubin, 1992), using SMF could be advan-
tageous, especially in long-term therapy, as SMF does not
need an external energy source when a permanent
magnet is used. Studies on animals demonstrated that
long-term applications of SMF favour bone mineral
density (Bruce et al., 1987) However, in vivo studies of
SMF applied on periprosthetic bone demonstrated
that SMF induces the production of corrosion currents
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inhibiting osteoblasts differentiation pattern and
decreasing bone mineral density (Denaro et al., 2008a).

We report the results of the exposure of human
osteoblast cultures to PEMFs of the intensity used in
clinical practice. Our null hypothesis was that EMFs
of different kind and intensity did not differently affect

the same osteoblast cell cultures.

Materials and methods
Electromagnetic field product

The exposure system was composed of a waveform
generator and a stimulation coil. The stimulation coil
was a 30-cm-long solenoid that is 15cm in diameter,
with 45 turns of 20-gauge magnet wire. A pulsed EMF
of 0.4 mT with a frequency of 14.9 Hz was produced by
an FDA-approved machine for the treatment of non-
union or delayed union of bone fractures. The magnetic
field was directed parallel to the coil axis and was
uniform inside the coil. The coil support was constituted
by copper wire that can survive intact for days in an
incubator at 100% relative humidity and 37 °C.

Cell cultures

Primary osteoblastic cells were isolated from human
femoral heads obtained from healthy subjects who
underwent hip replacement surgery for osteoarthritis.
Three sequential digestions of 20, 40 and 60 minutes,
respectively, were performed with type IV collagenase
and 0.25% trypsin in Hank’s buffer solution. Cells
from the latter digestion were plated and cultured in
Dulbecco’s modified Eagle’s medium (Sigma-Aldrich
Co, St Louis, MO) supplemented with 1% penicillin-
streptomycin (Pen-strep) (Sigma-Aldrich Co, St Louis,
MO) and 10% fetal bovine serum (Sigma-Aldrich Co,
St Louis, MO) at 37 °C in a humidified atmosphere of
5% CO, in air. At confluence, cells were trypsinized
and amplified for characterization and to be used for
these studies. Only cells from the second and third
passages were used for the experiments.

Cell growth analysis

Two distinct cell cultures were performed, one
PEMF exposed and the other non-PEMF exposed
(control group).

Control and PEMF-exposed cells were incubated
separately inside two identical incubators (one for

Physiother. Res. Int. (2012) © 2012 John Wiley & Sons, Ltd.
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control cells and one for PEMF-exposed cells). Cul-
tures were exposed to PEMF stimulation for 72 hours,
7 and 10 days.
Cell growth was expressed as cells/mL. At each
rvation time, the cell monolayers were washed
with phosphate-buffered saline (PBS) (Sigma-Aldrich
Co, St Louis, MO) and detached with 0.25% trypsin/
ethylenediaminetetraacetic acid (Sigma-Aldrich Co,
St Louis, MO) for 10 mi
were centrifuged at 120

at 37 °C. Cell suspensions
for 10 minutes at 25°C,
and the supernatant was discarded. The pellet was
re-suspended in PBS, and cells were counted using an
automated cell counter.
All assays were performed in triplicate. A total of
nine assays were performed (three for each observation
time) for both PEMF-exposed and control cells.

Alkaline phosphatase activity

Cells were fixed in 3% paraformaldehyde in 0.1-M
cacodylate buffer for 15minutes and washed in the
same buffer. Alkaline phosphatase (ALP) activity was
detected histochemically using Sigma-Aldrich kit 85,
according to the manufacturer’s instruction.

Alkaline phosphatase activity in the cell cultures was
quantified after 72 hours, 7 and 10 days of PEMF expo-
sure, as the rate of conversion of p-nitrophenyl phosphate
to p-nitrophenol at a pH of 10.2.

Briefly, cells were cultured in 3.5 and 10-cm Petri

ishes. At each observation time, the medium was
rated, the cells were washed twice with PBS, at
500 uL and 1 mL 0.05%, respectively, and Triton X-100
(Sigma-Aldrich Co, St Louis, MO) was added to each
dish. After cell disruption by three freeze/thaw cycles,
50-pL cell lysate from each dish was transferred to a
96-well microliter plate. Absorbance was measured at
405 nm. Enzyme activity was evaluated for 60 minutes
and expressed as Vmax. Reported values were normal-
ized against protein concentration determined in total
cell lysate.

Statistical analysis

Data are typical results from three replicated experi-

@[‘ts and are expressed as mean =+ standard deviation.

intraclass correlation coefficient was used to
validate the reliability of the cell counter. Comparisons
between PEMF and control (unexposed) groups were

Physiother. Res. Int. (2012) © 2012 John Wiley & Sons, Ltd.
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performed using paired Student’s t-test; p values less
than 0.05 were considered significant.

Results

The analysis of the three cell counter measurements
obtained for each cell assay revealed a high intraclass
correlation coefficient (r=0.975; p < 0.05).

Proliferation rate

At each observation time, differences in cell numbers
between PEMF-exposed cells and control group were
statistically significant (p < 0.05).

Pulsed EMF-exposed osteoblasts showed an increased
proliferation rate compared with untreated control cells.
Differences in cell numbers between control and PEMF-
exposed cells were statistically significant (p < 0.05) after
7-and 10days of exposure: the PEMF group showed a
1.8% (p> 0.05), 29% and 55.5% increase in cell number
after 72 hours, 7 and 10 days, respectively.

Alkaline phosphatase activity

An increase of ALP staining was detected in PEMF-
exposed osteoblast cultures compared with control
cultures. The ALP-specific activity of PEMF-exposed
osteoblast cultures was significantly (p < 0.05) increased
when compared with the untreated control group after
7 and 10days of exposure. The PEMF group showed a
1% (p>0.05), 20% and 58% increase of ALP activity
after 72 hours, 7 and 10 days, respectively (Figure 1).

ALP

16
12

8 ——CX

= PEMF
Vmax
4 -
0 T T |
72h 7 days 14 days
time

Figure 1. The chart shows that the alkaline phosphatase (ALP)-

specific activity pulsed electromagnetic field (PEMF)-exposed
osteoblasts showed an increase in ALP activity compared with
the control (CX) untreated cells. Data shown represent the mean
(+ standard error) of three independent experiments, each yielding
similar results. p < 0.05

=
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Discussion

Pulsed EMFs can be effective in the management of
congenital pseudarthrosis or delayed union or non-
union of fractures (Trock, 2000). Exogenous EMFs
affect bone metabolism, but the mechanisms responsible
for this phenomenon are unclear. PEMFs can affect bone
turnover, decreasing osteoclastic resorption and increasing
osteoblastic bone formation through activation of
various transduction pathways and growth factors (Chang
et al., 2004, Fitzsimmons et al., 1995, Otter et al., 1998,

Ryaby, 1998).
Pulsed EMFs induce the upregulation of several

genes related to the formation of bone and matrix
components, and stimulate downregulation of genes
related to the degradation of ECM (Sollazzo et al.,
). Moreover, PEMF can directly stimulate bone
row-derived stromal cell towards osteogenic differ-
entiation (Jansen et al., 2010, Tsai et al., 2009, Lee et al.,

7), and we have previously demonstrated that

FEMFs comparable with the ones used for the manage-
ment of pseudarthrosis could stimulate closure of an
in vitro wounding of a tenocyte monolayer(Denaro
et al., 2010).

Qchording to some authors, PEMF stimulation

significantly increase osteoblasts proliferation but
does not affect cellular differentiation (Chang et al.,
2004). In contrast, Diniz et al. (2002) showed that
PEMF had a stimulatory effect on the osteoblasts in
the early stages of culture, leading to an increased bone
tissue-like formation because of the enhancement of
cellular differentiation.

In vitro, PEMF can influence osteoblasts by increasing
the basal level of intracellular [Ca2+], ECM production,

-II and TGF-B secretion and by decreasing PGE2

etion, enhancing the sequence of events leading
to bone tissue formation(Fitzsimmons et al, 1995,
Lohmann et al., 2000, Taylor et al., 2006). PEMF can also
influence in vitro osteoblasts morphology and orientation
(Lee and McLeod, 2000). PEMF-exposed osteoblast-like
cells are consistently smaller than sham-treated cells and

are oriented orthogonal to the applied magnetic field,
showing significant decrease in cell length and increase
in roundness (Lee and McLeod, 2000), suggesting an

influence on cell differentiation.

Static magnetic fields are another type of EMF used
in clinical practices, especially dentistry. In vitro studies
have shown that PEMF are more effective on bone
formation than SMF, and moderate-intensity SMFs

ranging from 1 mT to 1T influence a wide variety of
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biological systems (Okano et al, 2006, Lee and
McLeod, 2000, Huang et al., 2006). Continuous SMF
(Huang et al., 2006) induce osteoblastic cell differenti-
ation at an early stage; these effects might be achieved

by regulating early local factors released by the cells.

Low-intensity SMFs produced by spinal metal
devices lead to a downregulation of both osteoblast
proliferation and differentiation, confirming that EMF
generated by spine titanium implant can be linked to
peri-implant aseptic osteolysis (Denaro et al., 2008a,
Denaro et al., 2008b).

The effect of different type of EMFs (SMF and PEMF)
on cells of bone lineage is controversial, and reports about
the effects of PEMF and SMF stimulation on osteoblast
proliferation and differentiation have been contradictory.

Comparing the present results with our previous
results (Denaro et al., 2008a) on the effect of SMF on
the same cell cultures, we found that SMFs comparable
with the one produced around metal devices have
different effects leading to inhibition of osteoblast ALP-
specific activity. In practice, PEMF produce upregulation
of osteoblast proliferation and ALP activity, whereas
SMF produce downregulation of the same variables,
accounting for the osteolytic effects of the EMFs gener-
ated by titanium vertebral implant (Denaro et al., 2008a).

Comparing the results of the present investigation
with the published evidence, we found that the maximal
difference in the ALP activity between the SMF-exposed
cells and control was after 72hours of stimulation,
whereas in PEMF-exposed cells, proliferation and
differentiation are influenced after more than 72 hours

of exposure (Figure 2). The interaction of EMFs with a F2

biological system must include activation of a cellular
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Figure 2. The chart shows the osteoblasts cell growth. Differences
in cell numbers between pulsed electromagnetic field (PEMF)-
exposed, static magnetic field (SMF)-exposed and control (CX)
groups were statistically significant at each observation time. Data
shown represent the mean (+ standard deviation) of three
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independent experiments, each yielding similar results
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process and of signal transduction pathways (Simko and
Mattsson, 2004).

It is also possible that in vitro response of the osteo-
blasts to EMFs depends on EMF features such as
frequency and intensity that probably influence cellular
processes at different stages of differentiation.

It is difficult to determine whether differences in
responses to biophysical factors arise from the type of
signal or the form or duration of the signal (Schwartz
et al., 2008). The mechanisms underlying these effects
on proliferation and differentiation produced by EMFs
with different features need to be clarified.

The effects of EMF on human osteoblast cultures
appear to be dependent on differentiation stage: SMEF-
exposed cultures show maximal difference in the ALP
activity after 72 hours of stimulation, whereas PEMF-
exposed cells show that proliferation and differentiation
are influenced after more than 72 hours of exposure.

Conclusion

Different types of EMFs could differently influence the
molecular mechanism of stimulation of bone cells
activities. The application of different types of EMFs
determines different effects on human osteoblasts.
PEMF stimulation accelerated cellular proliferation
and differentiation, whereas SMF-exposed cells show
a decrease of both proliferation rate and differentiation
(Denaro et al., 2008a).
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Author Query Form

Journal: Physiotherapy Research International
Article: pri_1536

Dear Author,

During the copyediting of your paper, the following queries arose. Please respond to these by annotating your

proofs with the necessary changes/additions.
. If you intend to annotate your proof electronically, please refer to the E-annotation guidelines.

. If you intend to annotate your proof by means of hard-copy mark-up, please refer to the proof mark-up sym-
bols guidelines. If manually writing corrections on your proof and returning it by fax, do not write too close
to the edge of the paper. Please remember that illegible mark-ups may delay publication.

Whether you opt for hard-copy or electronic annotation of your proofs, we recommend that you provide ad-

ditional clarification of answers to queries by entering your answers on the query sheet, in addition to the text

mark-up.

Query No. Query Remark
Ql AUTHOR: Please check that authors and their affiliations are correct. Q
Q2 AUTHOR: alkaline phosphatase. Is this the correct definition for

ALP? Please change if this is incorrect. @
Q3 AUTHOR: Please confirm that it is OK to normalize sentences and a
whole paragraph that are rendered in bold. If such sentences are @
meant to be emphasized, please italicize them.
Q4 AUTHOR: Food and Drug Administration. Is this the correct I:
definition for FDA? Please change if this is incorrect.
Q5 AUTHOR: As per instruction, negative index should be used to
indicate per. Please check and make the necessary changes @
throughout the article.
Q6 AUTHOR: As per instruction, the g value should be used instead of
the rpm. Please check and make the necessary changes throughout @
the article.
Q7 AUTHOR: "At each observation time, the medium was..." This
sentence has been reworded for clarity. Please check and confirm it @
is correct.
Q8 AUTHOR: standard deviation. Is this the correct definition for SD?
Please change if this is incorrect. @
Q9 AUTHOR: Please check if edits made to the caption of Figure 1 are
correct. »
Q10 AUTHOR: standard error. Is this the correct definition for SE? Please
change if this is incorrect. @



R.Papalia
Nota
Thank you. This paragraph  is OK


R.Papalia
Nota
Thak you. it's the correct definition

R.Papalia
Nota
Thak you. it's the correct definition

R.Papalia
Nota
Simona Barnaba, MD, PhD
1, Rocco Papalia MD, PhD1;, Laura Ruzzini MD1, Alessandro Sgambato MD2, Nicola MaffulliMD, MS, PhD, FRCS(Orth)
3* & Vincenzo Denaro MD1

R.Papalia
Nota
thank you. please change 1200 rpm with 162 g.

R.Papalia
Nota
Thank you.

R.Papalia
Nota
Thank you. This sentence  is OK

R.Papalia
Nota
Thak you. it's the correct definition

R.Papalia
Nota
Thank you. The Figure 1 is ok

R.Papalia
Nota
Thank you. It's the correct definition


Query No.

Query

Remark

Q11 AUTHOR: The citation “Sollazzo et al.” (original) has been changed
to “Sollazzo et al., 2010”. Please check if appropriate. @
Q12 AUTHOR: The citation “Jansen et al.” (original) has been changed to
“Jansen et al., 2010”. Please check if appropriate. @
Q13 AUTHOR: The citation “Denaro et al.” (original) has been changed to
“Denaro et al., 2010”. Please check if appropriate. @
Q14 | AUTHOR: Please define IGF, TGF and PGE2. (@)
Q15 AUTHOR: If References Aaron et al. 2004 and Bruce et al. 1987 has @
now been published in print, please add relevant volume information.
Q16 AUTHOR: If this reference has now been published in print, please
add relevant volume and page information. »
Q17 AUTHOR: Check expanded journal title for Reference Goodman et al @
1985 if correct.
QI8 AUTHOR: If this reference has now been published in print, please @
add relevant volume information.
Q19 AUTHOR: If this reference has now been published in print, please @

add relevant volume information.



R.Papalia
Nota
Thank you. We agree with this change

R.Papalia
Nota
Thank you. We agree with this change

R.Papalia
Nota
Thank you. We agree with this change

R.Papalia
Nota
IGF=insuline gowth factor; TGF=tissue growth factor; PGE2=prostaglandin E2

R.Papalia
Nota
Thank you. 

Aaron RK, Boyan BD, Ciombor DM, Schwartz Z, Simon BJ. Stimulation of growth factor synthesis by electric and electromagnetic fields. Clin Orthop Relat Res. 2004 Feb;(419):30-7.

Bruce GK, Howlett CR, Huckstep RL. Effect of a static magnetic field on fracture healing in a rabbit radius.
Preliminary results. Clinical orthopaedics and related research." Clin Orthop Relat Res. 1987 Sep;(222):300-6.



R.Papalia
Nota
thank you. 
Denaro V, Ruzzini L, Barnaba SA, Longo UG, Campi S, Maffulli N, Sgambato A. Effect of pulsed electromagnetic fields on human tenocyte cultures from supraspinatus
and quadriceps tendons.Am J Phys Med Rehabil. 2011 Feb;90(2):119-27.


R.Papalia
Nota
Thank you. 

Goodman R, Abbot J, Krim A, Henderson A. Nucleic
acid and protein synthesis in cultured Chinese hamster
ovary (CHO) cells exposed to the pulsed electromagnetic
fields. . Journal of Bioelectromagnetics 1985; 4: 565-576

R.Papalia
Nota
Thank you

Otter MW, Mcleod KJ, Rubin CT. Effects of electromagnetic fields in experimental fracture repair. Clinical Orthopaedics and Related Research 1998; S90–104.1998 Oct;(355 Suppl):S90-104.

R.Papalia
Nota
Thank you.

Ryaby JT. Clinical effects of electromagnetic and electric
fields on fracture healing. Clinical Orthopaedics and Related Research1998 Oct;(355 Suppl):S205-15.


&)WILEY-BLACKWELL

USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION

Required software to e-Annotate PDFs: Adobe Acrobat Professional or Adobe Reader (version 7.0 or

above). (Note that this document uses screenshots from Adobe Reader X)
The latest version of Acrobat Reader can be downloaded for free at: http://get.adobe.com/uk/reader/

Once you have Acrobat Reader open on your computer, click on the Comment tab at the right of the toolbar:

@ & % | $) |1/ | w) (uf) | 704% |~ | | P Tools Comment Share
* Annotations
This will open up a panel down the right side of the document. The majority of
tools you will use for annotating your proof will be in the Annotations section, @ @ @ qu & .

pictured opposite. We’ve picked out some of these tools below:

T, & 2 I B

1. Replace (Ins) Tool - for replacing text.

':'-Eh Strikes a line through text and opens up a text
box where replacement text can be entered.

How to use it
e Highlight a word or sentence.

e Click on the Replace (Ins) icon in the Annotations
section.

e Type the replacement text into the blue box that
appears.
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2. Strikethrough (Del) Tool - for deleting text.

Strikes a red line through text that is to be
deleted.

How to use it

e Highlight a word or sentence.

e Click on the Strikethrough (Del) icon in the
Annotations section.
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3. Add note to text Tool — for highlighting a section
to be changed to bold or italic.

T}?J Highlights text in yellow and opens up a text
box where comments can be entered.

How to use it
e Highlight the relevant section of text.

e Click on the Add note to text icon in the
Annotations section.

e Type instruction on what should be changed
regarding the text into the yellow box that
appears.
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4. Add sticky note Tool — for making notes at
specific points in the text.

@ Marks a point in the proof where a comment

needs to be highlighted.

How to use it

e Click on the Add sticky note icon in the
Annotations section.

e Click at the point in the proof where the comment

should be inserted.

e Type the comment into the yellow box that
appears.
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&)WILEY-BLACKWELL

USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION

5. Attach File Tool — for inserting large amounts of 6. Add stamp Tool - for approving a proof if no
text or replacement figures. corrections are required.
é} Inserts an icon linking to the attached file in the & - Inserts a selected stamp onto an appropriate
appropriate pace in the text. place in the proof.
How to use it How to use it
e Click on the Attach File icon in the Annotations e Click on the Add stamp icon in the Annotations
section. section.
e Click on the proof to where you’d like the attached e Select the stamp you want to use. (The Approved
file to be linked. stamp is usually available directly in the menu that

e Select the file to be attached from your computer appears).

or network. e Click on the proof where you’d like the stamp to

e Select the colour and type of icon that will appear appear. (Where a proof is to be approved as it is,
in the proof. Click OK. this would normally be on the first page).
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* Drawing Markups

7. Drawing Markups Tools — for drawing shapes, lines and freeform
annotations on proofs and commenting on these marks.

T | —
E@ = O D Allows shapes, lines and freeform annotations to be drawn on proofs and for

T comment to be made on these marks..
OO 72 g

1 I — s |
. 24 6 8 10121416 1820 2 4 6 8 10 12 14 16 18 20

Mark Up

New Incorporations

How to use it

e Click on one of the shapes in the Drawing
Markups section.

¢ Click on the proof at the relevant point and

draw the selected shape with the cursor. || @~ dthreshe =

.
08/06/2011 16:23:54

e To add a comment to the drawn shape, 004d——
move the cursor over the shape until an 2 || [Move to the bottom of the left
column of panels.
arrowhead appears. o 0.03 |
e Double click on the shape and type any 0.02 O.OOGfT\; R >
text in the red box that appears. nonad ™. ]

For further information on how to annotate proofs, click on the Help menu to reveal a list of further options:

|
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