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Objective: The aim of this study was to investigate the effect of electromagnetic fields (EMFs) at 900
MH?z frequencies on bone fracture healing.

Methods: The study included 30 adult male Wistar albino rats (average weight: 256 g) divided into
two equal groups. Transverse fracture was created manually by pressing a finger on the right tibias of
all rats and fractures were fixed intramedullary using a K-wire. Rats in Group 1 were exposed to EMF
at 900 MHz frequency 30 minutes a day, 5 days a week for 8 weeks. Group 2, the control group, was
kept under the same experimental conditions without EMF exposure. Radiological, mechanical and
histological examination of tibial fracture healing was performed.

Results: There was a significant difference between radiological, histological and manual biomechan-
ical scores of the study and control groups (p=0.020, p=0.006 and p=0.032, respectively). All scores
were lower in the study group than the control group.

Conclusion: Results of this study demonstrate that EMF at 900 MHz of frequency emitted from cel-
lular phones has a significantly negative effect on bone fracture healing in a rat tibia model.
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Fracture healing and bone formation are complex meta-
bolic events which depend on various systemic/local
regulators and involve reciprocal interaction of the cel-
lular structures. The pathophysiological background
and healing stages of this process have been well defined
although many points have yet to be described. To date,

some ongoing studies regarding the pathophysiological
aspect and factors affecting and stimulating the healing
process have been performed."™

Some negative outcomes on human health and the
endocrine and nervous systems in particular have been
reported as a result of the interaction between biologi-
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Fig. 1. View of the created fracture.

cal living structures and electromagnetic fields (EMFs)
emitting from cellular phones and base stations and
classified as high frequency band radiofrequency (RF)
area resource in the electromagnetic spectrum.””
While low frequency EMF is currently used in medical
practice, it has been hypothesized that high frequency
EMF may have deleterious effects on human health."”
High frequency EMF emitting from cellular phones
and base stations may have some negative effects on
biological tissues and bone formation/healing can be
affected from these peripheral resources.

In this study, we aimed to investigate the effect of
high frequency EMF at 900 MHz emitting from cellu-
lar phones on fracture healing.

Materials and methods

A total of 30 adult Wistar albino male rats, aged 5
(range: 4 to 6) months and weighing an average of
256+20 grams, were included in this study. Written
consent of approval was granted from the local Ethical
Committee of Siileyman Demirel University (SDU)
Medical Faculty. Rats were equally and randomly
divided into two groups of 15 rats. Group 1 (mean
weight: 255+21 grams) was exposed to 900 MHz EMF
and Group 2 (mean weight: 25919 grams) served as
the control. Animals were fed ad libitum with standard
pellets (rat diet) and activity and/or loading-stress was
not restricted during the study period.

Cefazolin sodium (Sefazol®; 15 mg/kg) was adminis-
tered via intramuscular injection for prophylactic pur-
pose two hours before the surgical intervention.
Ketamine HCI (Ketalar®; Eczacibagi, Istanbul, Turkey
[10 mg/100 mg body-weight]) and xylazine HCI
(Alfazyne®; Ege Vet Hayvan. Tic. Ltd. Sti, Izmir,

Fig. 2. Intramedullary fixation.

Turkey [0.25 mg/100 mg body-weight]) were intraperi-
toneally injected for general anesthesia. Manual-
induced fracture and intramedullary fixation methods
were applied as described by Orhan et al.” Right tibial
bones of the rats were transversely broken with finger
pressure according to three-point principal (Fig. 1).

After this procedure, the right posterior region of
the legs were cleaned with antiseptic solution, covered
with sterile dressings and prepared for surgery. An inci-
sion of 1.5 cm length was cut on the anterior right knee.
Under fluoroscopic control, the fracture line was stabi-
lized with intramedullary fixation method using a K-
wire of 0.5-mm thickness inserted from the proximal
tibia and passed through intramedullary canal (Fig. 2).
"The incision site was closed using 4/0 Prolene sutures.
The fractures were classified according to appearance

Fig. 3. Rat in the plastic tube and the dipole antenna. [Color fig-
ure can be viewed in the online issue, which is available at
www.aott.org.tr]
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Fig. 4. A schematic view of the EMF application.

using the modified Leisner et al.’s method.” An ideal
condition was defined as one fracture line located at the
proximal 1/3-distal 2/3 site and a bad condition was
defined as partial, comminuted, segmental or intra-
articular. Fractures defined as good (n=26) were includ-
ed in this study and bad fractures (n=4) were excluded.

An electromagnetic energy generator (900/1800
Lab. Test Transmitter, Model GHZ2005X; Set Elec.
Co., Istanbul, Turkey) giving outputs between 0 and 4
Watts at 900 MHz was used to produce signals at the
frequency of cellular phones. The setup was tested in
the Electromagnetic Compatibility Laboratory of the
Department of Electronics and Communication
Engineering of SDU. Generator emission was checked

by a spectrum analyzer (Promax AE-566; Promax
Electronica SL., L'Hospitalet de Llobregat, Spain) and
verified by the satellite level meter (Promax MC-877C;
Promax Electronica SL., L’Hospitalet de Llobregat,
Spain). All exposure measurements were carried out
using the Portable RF Survey System (Holaday HI-
4417; Holaday Industries, Inc., MN, USA) with its stan-
dard probe. The theoretical analysis of the local or
whole body specific absorption rates (SAR) are from the
study by Gajsek at al.""" The SAR value of the rats was
theoretically calculated as 0.008 W/kg. Rats near the
dipole antenna were exposed to EMR at 1.04 mW/cm’
power intensity rate. During exposure, each rat was
placed in a special plastic holder and the exposure sys-

Fig. 5. Postoperative 8th week view of a rat from Group 1.

Fig. 6. Postoperative 8th week view of a rat from Group 2.
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Table 1. Radiological evaluation scoring system.

Score Fracture healing findings

Periosteal reaction (callus formation)

3 Full (across the defect)
2 Moderate
1 Mild
0 None
Bone union
3 Union
2 Moderate (>50% bridging)
1 Mild (<50% bridging)
0 Nonunion
Remodeling
3 Full remodeling of the cortex
2 Gross remodeling of the cortex
1 Remodeling of the intramedullary canal
0 No remodeling
9 Maximal total score

tem’s dipole antenna was placed under the plastic hold-
er at a distance of 5 mm (Fig. 3). The quality of the
transmitted signal was checked using Promax AE-566
spectrum analyzer with its appropriate near-field probes.
The power density measurements were made with an
EMF survey meter (Holaday Industries, Inc., Eden
Prairie, MN, USA). Rats in the study group were
exposed to 900 MHz EMF for 30 min/day, 5 days/week
for a duration of 8 weeks. The unexposed control group
was kept in the same laboratory conditions. In the exper-
imental setup procedure and application, the method
described by Chou et al."” was used. EMF application is
shown schematically in Fig. 4.

Following the administration of sevoflurane
(Sevorane®) to rats via inhalation, direct control radi-
ographs were taken one day after the operation to

e
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Fig. 7. Sections of paraffin-embedded blocks. [Color figure can be
viewed in the online issue, which is available at www.aott.org.tr]

check the fracture and stabilization condition. The for-
mation of callus tissue was followed on subsequent
direct radiographs on the 2nd, 4th, 6th and 8th week
postoperative weeks (Figs. 5 and 6). At the end of the
study, radiographs were evaluated according to the
modified radiographic scoring system (Table 1) by one
radiologist blind to the results."”

The right tibial bones of the rats were excised with
callus tissues and the surrounding soft tissues were sep-
arated. All tissues were fixated with neutral buffered
formalin solution (10%). Routine histological follow-
up procedure was performed after decalcification
process using nitric acid (10%). Tissues were embed-
ded in paraffin (Fig. 7), longitudinally cut at 6 pm
thickness by centering the fracture line, stained with
hematoxylin-eosin dye and examined under the light
microscope (Figs. 8 and 9). The stained slides were
evaluated by one histologists blinded to the study
according to the method described by Huo et al.
(Table 2)."" The protocol described by Deibert at al."”

was used as the histopathological evaluation method.

Mechanical evaluation was performed according to
the method described by Sener et al. (Table 3)."" The
fracture was evaluated on two planes with respect to
motility. One orthopaedic surgeon blinded to the
groups macroscopically evaluated the union tissues in
tibial fracture sites in two planes.

SPSS 11.0 for Windows statistical calculation soft-
ware was used for statistical analysis. The Mann-
Whitney U test was used for group comparison and p
values less than 0.05 were considered significant.
Results were given as meanzstandard deviation.

Results

Four rats (two from Group 1 and two from Group 2)
with fractures classified as ‘bad’ were excluded at the
beginning of the study. Three rats in Group 1 and one
rat in Group 2 died during the course of the study. In
addition, one rat from Group 1 and three rats from
Group 2 were excluded as the obtained histological
slides could not be clearly examined. There was no sign
of wound infection or osteomyelitis in the animals.

A total of 22 direct radiographs (10 from the EMF
and 12 from the control group) were evaluated. The
mean and standard deviation values are given in Table 4.
Results in the EMF group were significantly worse than
the control group (p=0.020) (Tables 4 and 5, Fig. 10).

Nine slides each from the EMF and control groups
were histopathologically examined. Mean and standard
deviation of the scores are given in Table 4. The EMF
group results were significantly worse than those of the
control group (p=0.006) (Tables 4 and 5, Fig. 11).
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The presence of osteocytes in lacunas showing live bone tis-
sue in a sample from the control group (H&E x4). [Color fig-
ure can be viewed in the online issue, which is available at
www.aott.org.tr]

A total of 22 tibial bones (10 from the EMF group
and 12 from the control group) were mechanically
evaluated. The EMF group scores were statistically
lower than the control group (p=0.032) (Tables 4 and
5, Fig. 12).

Discussion

Numerous studies regarding the positive or negative
effects of local and systemic factors on fracture healing
exist in the literature. Several experimental and clinical
studies are available regarding the effect of drugs,
physical agents, diverse energy types, osteoinductive
agents and others on fracture healing.”**"” Notable
studies include the report by Friedenberg and
Brighton"" that bone growth and healing have electri-
cal activity and the report by Bassett et al."” on
increased bone formation with low frequency pulsed
electromagnetic field (LFPEF). Following these stud-
ies, various studies on the effect of EMF applications
on fracture healing have been performed such as those
reporting that pulsed electromagnetic fields (PEF)
have positive,"”* negative”*" or no effect”*” on bone
fracture healing. Favorable outcome rates ranging
between 64 and 85 percent have been reported by pre-
vious clinical studies conducted on delayed union and

Bone marrow cells (stars) are seen but live cell areas are not
observed in this sample from the EMF group (H&E x4). [Color
figure can be viewed in the online issue, which is available at
www.aott.org.tr]

Table 2. Histological evaluation scoring system.

Score Category of histological findings
1 Fibrous tissue
2 Mainly fibrous tissue
3 Equal amounts of fibrous and cartilaginous tissue
4 Mainly cartilage and little fibrous tissue
5 Cartilage tissue
6 Mainly cartilage and little immature bone tissue
7 Equal amounts of cartilage and immature bone tissue
8 Mainly immature bone and little cartilage tissue
9 Immature bone fracture healing
10 Mature bone fracture healing

Table 3. Mechanical evaluation system.

Score Clinical findings in the fracture site
0 Nonunion (motility on two planes)
1 Moderate union (motility on one plane)
2 Complete union (lack of motility)

nonunion, along with the experimental studies con-
ducted via using low frequency PEF. However, there is
still no clear data on whether this approach is effective

Table 4. Distribution of radiological, histological and mechanical scores (mean+SD).

Radiological score

Histological score Mechanical score

Groups n Mean +SD n Mean +SD n Mean +SD
Group 1 (900 MHz) 10 6.6000  1.34990 9 8.1111 33333 10 1.2000 .63246
Group 2 (control) 12 79167  1.08362 9 8.8889  .60093 12 1.7500 .45227

SD: standard deviation
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Table 5. Intergroup comparisons of histological, radiological and mechanical scores.*
Group 1 Group 2 p value
Radiological score (mean+SD) 6.6000+1.34990 7.9167+1.08362 0.020
Histological score (mean+SD) 8.1111+0.33333 8.8889+0.60093 0.006
Mechanical score (mean+SD) 1.2000+0.63246 1.7500+0.45227 0.032

*Mann-Whitney U test. SD: standard deviation.

in treatment of fresh fractures.”” The majority of these
studies used low frequency PEF.

Negative effects on biological tissues of EMF orig-
inating from 900 MHz frequency have been reported
in epidemiological, clinical and experimental studies
conducted to reveal the effect of RF electromagnetic
waves emitting from cellular phones operating at high
frequency band field.”*” However, other studies have
reported that EMR emitting from cellular phones has
no serious effect on health.”** The effect of high fre-
quency EMF on fracture healing is still unknown.
Additionally, there are few studies regarding the effects
of RF EMF emitting from cellular phones on bone tis-
sue.”™ A study by Yildiz et al., in which EMF at 1+04
mW/cm’ power was applied for 30 minutes a day, 5
days a week for a total of 4 weeks reported that the
mean femoral and vertebral bone mass density (BMD)
values of the rats exposed to 900 and 1800 MHz RF
EMF were less than the controls, although the differ-
ence was not statistically significant.”” In some experi-
mental studies investigating the effect of RF EMF at
900 and 1800 MHz emitting from cellular phones and

. |

Group 1

Group 2

Fig. 10. Radiological evaluation results.

other sources on bone tissue, minimal changes have
been observed.” Cigek et al. reported a decrease in
breaking power, bending resistance and total breaking
energy in bone tissues of rats exposed to RE EMF at
1800 MHz frequency.”” Atay et al. mentioned a
decrease in the mean BMD of pelvic ring bone tissues
of individuals carrying cellular phones at their belt.””
Aslan et al. reported that short- or long-term exposure
to EMF at 900 MHz frequency (power: 1.04 mW/cm’,
SAR value: 0.008 W/kg) had no significant effect on
bone tissues of rats.”” In the present study, significant-
ly lower radiological, histological and manual mechan-
ical impact scores were found in the study group
exposed to EMF at 900 MHz than the control group.
This, in turn, suggests that high frequency EMF at 900
MHz emitting from cellular phones negatively aftects
the fracture healing process (Table 5).

On the other hand, it can be postulated that this study
is in accordance with those in the literature emphasizing
the negative effects of EMF at 900 MHz on bone frac-
ture healing, when taking into consideration other stud-
ies reporting the unfavorable effect of LFPEF on frac-

0 - 1

Group 1 Group 2

Fig. 11. Histopathological evaluation results.
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ture healing”**"” and various research papers reporting

the deleterious effects of EMF emitting from cellular
phones on other tissues.”* ! However, our study differs
from other LFPEF studies by means of the materials
used, experimental animal model, applied methodology,
EMF type, frequency, power fidelity and exposure dura-
tion/dose. It also exhibits some differentiations from
other studies in which cellular phone signal-based high
frequency EMF were used with respect to similar param-
eters given above. In addition, it is usual that various
studies conducted by different frequency ranges and
diverse methods can yield different results. Furthermore,
there is no consensus in the literature on which EMF at
which frequency, duration and dose has a negative or
therapeutic effect when setting aside the results estab-
lished from studies performed using low and high fre-
quencies and the effects of EMF on bone and other tis-

[4,41,42]
sues.

It has been previously reported that high frequency
EMEF leads to damage on biological tissues by affecting
the biochemical mechanisms or by inducing heat."* A
limitation of our study was that we were unable to
make a more objective commentary on heat effect as
we did not measure the temperature systemically nor
from the local fracture sites for both groups. More
detailed information about the effect of EMF on stages
of bone fracture healing and callus tissue formation
could be gathered via scintigraphic and quantitative
tomographic imaging, and bone turnover markers
determined by biochemical analysis would contribute
to our study.

Grup 1 I Grup 2

Fig. 12. Mechanical evaluation results.

In conclusion, RF EMF at 900 MHz emitting from
cellular phones has a prominent negative effect on
bone fracture healing in a rat tibia fracture model.
Thermal and non-thermal mechanisms may play a
cooperative role in the deleterious effect of cellular
phone-induced high frequency EMF on fracture heal-
ing. Further comprehensive studies are required in this
field to reveal the underlying effective mechanisms and
possible effects of cellular phone usage.
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