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Background: The aim of this study was to evaluate the effects of a phosphodiesterase inhibitor 

pentoxifylline (PTX), electromagnetic fields (EMFs), and a mixture of both materials on bone 

fracture healing in a rat model.

Materials and methods: Eighty male Wistar rats were randomly divided into four groups: 

Group A, femur fracture model with no treatment; Group B, femur fracture model treated with 

PTX 50 mg/kg/day intraperitoneal injection; Group C, femur fracture model treated with EMF 

1.5±0.2 Mt/50 Hz/6 hours/day; and Group D, femur fracture model treated with PTX 50 mg/

kg/day intraperitoneal injection and EMF 1.5±0.2 Mt/50 Hz/6 hours/day.

Results: Bone fracture healing was significantly better in Group B and Group C compared 

to Group A (P,0.05), but Group D did not show better bone fracture healing than Group A 

(P.0.05).

Conclusion: It can be concluded that both a specific EMF and PTX had a positive effect on 

bone fracture healing but when used in combination, may not be beneficial.

Keywords: bones, electromagnetic fields, fracture healing, phosphodiesterase inhibitor, 

pentoxifylline, rats

Introduction
Successful treatment of maxillofacial fractures depends on reduction and fixation to 

restore the normal occlusion, function, and proper alignment of bones,1 and the success 

of a wide variety of surgical procedures such as repairing jaw fractures, orthognathic 

surgery, and repairing bone defects also depends on the physiological process of 

bone fracture healing. Despite progressions in maxillofacial surgery, bone fractures 

do not always heal successfully.2 Therefore, studies in recent years have researched 

different factors such as growth factors, the applied force values, drug injections, or 

electrical stimulation, which could be considered to be of benefit in more successful 

rapid bone remodeling.3

Pentoxifylline (PTX) is a competitive non-selective phosphodiesterase inhibitor 

(PDEI),4 which reduces inflammation, and enhances microcirculation, blood flow, 

and tissue oxygenation.5 In addition, PTX improves red blood cell deformability and 

decreases the potential for platelet aggregation and thrombus formation.6 In a previous 

study, daily injections of PTX have been shown to stimulate bone formation and to 

increase systemic bone mass in mice.7 In another study, Labib and Farid suggested that 

PTX could be regarded as a valid approach in the management of osseointegration.8 

In addition, many studies have demonstrated the positive effects of PTX in healing of 

mandibular.9,10 The efficacy of PTX in treatment is essentially due to its potential to 

increase blood flow and tissue oxygenation with its hemorheologic effects.11 Since a 

vascular response is a prerequisite for successful bone healing physiology,12,13 it was 
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hypothesized that in the current research that PTX might also 

be beneficial for bone fracture healing.

A variety of non-invasive bone fracture treatment 

techniques have been used for biophysical stimulation to 

accelerate and finalize bone healing.14 One of these meth-

ods is electromagnetic field (EMF) stimulation, a method 

which has been used in cases of bone fracture healing for 

over three decades.15–18 Although the US Food and Drug 

Administration have approved EMF therapy as a safe and 

effective method for treating osteoporosis and as therapy 

for bone non-union,19,20 there are still some controversial 

results.21,22 Despite a long history of clinical use of EMFs and 

research, there is still poor understanding of the underlying 

action mechanisms of EMFs and the optimal parameters for 

usage. However, all researchers have emphasized that in the 

treatment of various diseases, it is necessary to determine the 

appropriate frequency and level of EMFs to be able to create 

gold-standard treatment protocols.23,24

To obtain normal functioning of the bone fracture and its 

surrounding structures, the swift recovery to normal anatomy 

after reduction is crucial, and an increasing number of stud-

ies are researching this subject.25 The purpose of the current 

study was to undertake histological evaluations of the effects 

of PTX as a peripheral vasodilator, EMF therapy as a bio-

physical stimulator, and a combination of both materials on 

the repair process of a femur fracture in a rat model.

Materials and methods
study design
The study included 80 male Wistar albino rats (mean age, 

12 weeks; weight 300±20 g) and was conducted at the Health 

Institution Research Centre, Dicle University, Diyarbakır, 

Turkey. All animals were acclimatized to laboratory condi-

tions for 2 weeks before beginning the experiments. The 

animals were individually housed in flexiglass cages in a 

controlled environment (22°C±2°C; 12-hour light–dark 

cycle) with free access to drinking water and a diet of standard 

laboratory rat food pellets. The experimental protocol of the 

study was approved by the Animal Experiment Ethics Com-

mittee of Dicle University. The animals were maintained and 

used in accordance with the animal welfare act and guidance 

for the care and use of laboratory animals.26 The rats were 

randomly divided into four groups:

•	 Group A (control group), femur fracture model with no 

treatment (n=20);

•	 Group B (PTX group), femur fracture model treated 

with PTX (50 mg/kg/day) intraperitoneal injection 

(n=20);

•	 Group C (EMF group), femur fracture model treated with 

EMF (1.5±0.2 Mt/50 Hz/6 hours/day) (n=20); and

•	 Group D (PTX + EMF group), femur fracture model 

treated with PTX (50 mg/kg/day) intraperitoneal injection 

and EMF (1.5±0.2 Mt/50 Hz/6 hours/day) (n=20).

Group A and Group C received a daily intraperitoneal 

injection in order to simulate any possible influence of psy-

chical trauma or physical stress on bone healing caused by 

injection.

chemicals
PTX (Trental®; 100 mg ampoules) was obtained from Sanofi- 

Aventis, Bridgewater, NJ, USA; cefazolin sodium (1 g 

vials) was purchased from Astellas Pharma Inc, Tokyo, 

Japan; ketamine chlorhydrate (10 mL) was acquired from 

Pfizer Inc, New York, NY, USA; and xylazine chlorhy-

drate (25 mL) was procured from Bayer AG, Leverkusen, 

Germany.

rat femur fracture model and surgical 
procedure
Surgical procedures were performed under general anesthe-

sia consisting of a combination of ketamine chlorhydrate 

(0.08 mL/100 g body weight) and xylazine chlorhydrate 2% 

(0.04 mL/100 g body weight). In the present study, the open 

surgery model of experimental fracture healing models was 

used. In this technique, the fracture is created with a ham-

mer osteotomy, Gigli saw, or electric saw. This technique 

provides a transverse fracture line and in this respect, is more 

controlled than closed models.27 However, in a previous 

study of different gap sizes, the callus geometry, tissue dif-

ferentiation patterns, and fracture stiffness predicted by the 

model were similar to experimental observations for every 

analyzed situation.28

After positioning the right and left legs in flexion, a lon-

gitudinal cutaneous, subcutaneous, and periosteal incision 

was made 20–25 mm in length to reach the medial surface 

of the left femur. Exposing the medial surface of the femur 

with blunt dissection, the soft tissue was then retracted. 

Before making the bone incision, a four-holed microplate 

was adapted to the bone. After fixing the microplate, a 

bicortical bone incision was made with a 1 mm diameter 

fissure and a size 12 stainless steel dental burr (Meisinger, 

Nuess, Germany) on a low-speed handpiece, under constant 

sterile saline irrigation starting from the buccal cortical bone. 

A gap was left between the bone segments up to the thickness 

of the burr (1 mm) (Figure 1). Then, the rigid stabilization 

of the fracture segments with the microplate and screws was 
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checked again. Subcutaneous tissue layers were sutured with 

resorbable sutures, and the skin was sutured with silk. Upon 

completion of the surgical procedure, each animal received 

a single dose of 100 mg/kg cefazolin sodium antibiotic by 

intramuscular injection. Following surgery, ten rats per study 

group were killed at Day 21 and at Day 30 using high-dose 

ketamine.

eMF and PTX administration
Published data on the affirmative efficacy of EMF and PTX 

in rats are in agreement with the daily doses of 50 Hz29 and 

50 mg/kg,30 respectively, that animals received in the pres-

ent study. To avoid any outside interference to the magnetic 

field (MF) during the application of the EMF, the experi-

mental mechanism was placed inside an installed Faraday 

cage. For the EMF to reach the groups without hindrance, 

flexiglass cages were used. The EMF was produced by a 

pair of Helmholtz coils with a wrap-around number of 125, 

with internal diameter of 47 cm, and at distance intervals 

of 70 cm, placed vertically in a Faraday cage. Two identi-

cal Helmholtz coils inside the Faraday cage were attached 

to two identical power sources producing the same voltage 

and current (48 V, 40 A). Throughout the application of the 

EMF to the rats, measurements were regularly taken with a 

digital teslameter (FW Bell Corporation, Orlando, FL, USA) 

at 15 different points within the flexiglass cage. As a result 

of the measurements, the mean peak force was determined 

as 1.5±0.2 mT. After the pulse generator was switched off, 

the EMF measured in the cage environment, ie, the back-

ground, was found to be 1.5±0.2 mT, 50 Hz frequency and 

peak duration 1.3 ms.

The application of the EMF was started on postoperative 

Day 1, and was continued once a day every day at 1.5±0.2 mT 

intensity and at a frequency of 50 Hz for 6 hours. Through-

out all the applications, an observer visited the study room 

regularly each hour, and the procedures were continued 

without interruption. The application of PTX was started 

on postoperative Day 1, was applied intraperitoneally at 

50 mg/kg/day as a single dose of PTX (Trental® ampoule 

[100 mg]) once a day every day.

histopathological evaluations
Bone regeneration and fibrotic healing were evaluated histo-

pathologically. The rat femurs were fixed in 10% formalde-

hyde solution for 48 hours and were decalcified with 5% nitric 

acid. The specimens were washed with distilled water, 

dehydrated with increasing increments of concentrations of 

ethyl alcohol, cleaned in xylene, and were then embedded 

in paraffin. Beginning from the center of each specimen, 

sequential parts were cut parallel to the mid-sagittal defect 

using a microtome. Transverse sections of 4–5 μm thickness 

were prepared for each tibia defect and were stained with 

hematoxylin and eosin. The tissue samples were assessed by 

a pathologist using a light microscope. The pathologist was 

blinded to the treatment group that each specimen came from. 

A 10-point scale31 was used for evaluation of bone healing, 

where tissue was scored according to the histopathological 

findings in the healing zone, as follows:

•	 1 point, only fibrous tissue;

•	 2 points, predominantly fibrous tissue;

•	 3 points, equal amounts of fibrous and cartilage tissue;

•	 4 points, predominantly cartilage tissue with little fibrous 

tissue;

•	 5 points, only cartilage tissue;

•	 6 points, predominantly cartilage tissue with little imma-

ture bone;

•	 7 points, equal amounts of cartilage and immature bone 

tissue;

•	 8 points, predominantly immature bone with little carti-

lage tissue;

•	 9 points, healing with immature bone; and

•	 10 points, healing with mature bone.

Four slides were examined from each fracture. The mean 

histological score was calculated for each treatment group.

statistical analysis
The data obtained for all the parameters to be evaluated were 

transferred to SPSS for Windows, version 15.0 (SPSS Inc, 

Chicago, IL, USA) program for statistical analysis. For the 

comparison of paired parameters for independent variables, 

the Mann–Whitney U-test was used as a two-way non-

parametric test. In all tests, a value of P,0.05 was accepted 

as statistically significant.

Figure 1 a photographic image of the surgical procedure showing the gap between 
the bone segments after fixing the microplate.
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Results
None of the rats died in any of the groups during the course 

of the experiment. No unwanted condition developed in any 

rat, and none of the rats was excluded from the study. All of 

the animals tolerated the procedure well and demonstrated 

good homeostasis and rapid recovery from anesthesia.

histopathological results
Comparison of histopathological bone fracture healing scores 

among all groups at Day 21 and Day 30 is shown in Table 1 

and Figure 2. In all groups ten of the rats were sacrificed at 

day 21 and other ten rats were sacrificed at day 30. In the 

histological examination, a larger increase was observed in the 

cartilage and bone volumes in the EMF and PTX groups than 

in the control groups (Figures 3–5). Using pairwise compari-

sons, there was no statistically significant difference between 

Group B (PTX) at Day 21 and Day 30 and Group C (EMF) at 

Day 21 and Day 30 (P.0.05). The level of bone healing in 

Group B (PTX) and Group C (EMF) was significantly higher 

than that of Group A (control) at Day 21 (P,0.05). There was 

also significantly better healing in Group B (PTX) and Group 

C (EMF) than in Group A (control) at Day 30 (P,0.05).

Discussion
Swift bone fracture healing after traumas and surgical pro-

cedures is crucial in order to regain normal functioning of 

the bone and its surrounding structures.32 There have been 

an increasing number of studies on this subject.25,32 Although 

the outcome of various clinical and surgical procedures in 

bone healing is affected by several factors, which may be 

patient-, defect-, or surgery-related variables,32 blood flow 

and circulation play a significant role in the process of bone 

remodeling and the reparative regeneration of bone tissue.33,34 

After the third day of the fracture in our current study, there 

was a significant rise in local blood flow, which is associated 

with vascular proliferation in the formation of fracture callus. 

Such changes in flow are likely to be secondary to locally 

controlled vasoreactivity of pre-existing vessels, as opposed 

to that of newly formed angiogenic vessels.34

The present study aimed to evaluate the possible effects 

of PTX as a PDEI and EMFs on bone fracture healing. The 

efficacy of PTX and a specific EMF on the bone-healing stage 

of a femoral fracture model in rats was evaluated through 

histopathological analyses.

PDEIs provides increased blood flow via the nitric oxide 

(NO) pathway in the process of bone healing.34 NO is a highly 

reactive free radical involved in inflammation, arthritis, and 

bone fracture healing. It is known that NO has a regulatory 

role in blood flow and perfusion pressure to isolate vascu-

lar beds in response to appropriate physiological stimuli.35 

Therefore, treatment modalities applied to improve the blood 

circulation may improve the outcomes of bone healing. 

Thus, the current study focused on the impact of PTX as a 

peripheral vasodilator on bone fracture healing. The results 

Table 1 statistical analysis of bone healing at Day 21 and Day 30

Study groups Group A Group B Group C Group D

Day 21 (n=10) 6.30±1.059 7.20±0.632 7.60±1.075 5.40±1.265
P-value 0.009a,* 0.006b,* 0.144c

Day 30 (n=10) 6.50±0.843 7.80±1.317 7.80±0.919 5.90±1.101
P-value 0.038a,* 0.011b,* 0.160c

P-value 0.203d 0.250e 0.622f

Notes: *Statistically significant between-group difference (P,0.05, Mann–Whitney 
U-test). Data are shown as mean ± standard deviation. agroup B compared with 
group a. bgroup c compared with group a. cgroup D compared with group a. 
dgroup B compared at Day 21 and Day 30. egroup c compared at Day 21 and Day 30.  
fgroup D compared at Day 21 and Day 30.

Figure 2 comparison of histopathological bone-healing scores among groups 
according to the huo scale.
Notes: *contradictory values; – median value of control 21 group.
Abbreviations: EMF, electromagnetic field; PTX, pentoxifylline; MIX, both EMF 
and PTX treatment.

Figure 3 histopathological sample of bone tissue. The sample shows mostly 
cartilage and a little newly formed, immature bone tissue.
Notes: The sample is stained with hematoxylin and eosin; magnification, 200×.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2015:9 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

5199

Healing bone fractures with pentoxifylline and electromagnetic fields

of this study have shown that PTX had a positive effect on 

bone fracture healing.

Studies that have examined the role of PDEIs involved 

in vascular response related to bone healing have reported 

results comparable to the findings of the present investigation. 

The administration of two PDEIs, tadalafil and vardenafil, 

have been shown to result in reduced bone mass, evidenced 

by in vitro cell culture and in vivo animal models,36,37 and 

the beneficial effects of the PDEI sildenafil on bone healing 

have been previously shown.34,37 In a study by Aydın et al30 

in which the same dose of PTX was applied as in the current 

study, it was suggested that the hematoma stage of fracture 

healing, which is the first phase, might be promoted by PTX. 

At Day 21, it was thought that the anti-inflammatory effects 

of PTX might have delayed fracture healing.30 However, in 

the current study, in complete contrast, positive results of 

bone healing were obtained at Day 21. Despite the numerous 

studies on the subject, there is insufficient knowledge about 

the effects of PDEI use on bone healing metabolism.

For many years, EMFs have been researched as a stimula-

tion method to enhance bone regeneration in maxillofacial 

surgery, including dental implants, distraction osteogenesis, 

and bone grafts.21,38,39 The knowledge from recent studies40,41 

has conclusively demonstrated that the contribution of EMFs 

to the bone healing process is based on stimulating the expres-

sion of growth factors, such as vascular endothelial growth 

factor and bone morphogenetic protein. EMFs also induce 

angiogenesis, migration, proliferation, and differentiation of 

stem cells from the surrounding mesenchymal tissues into 

cartilage and bone-forming cells in an area of injury.40,41 The 

beneficial effects of the methods of electromagnetic stimula-

tion have been widely documented. Selecting the parameters 

(intensity, frequency, etc) likely to have maximum benefits 

in EMF therapy has been especially complicated,42 because 

EMFs may influence bone healing through a variety of path-

ways. In addition, EMF therapy has been reported to have 

benefits in fracture healing,22 and healing of osteotomies,43 

pseudoarthrosis,43 osteoporosis, and the deleterious effects 

of poor bone mineral density.44

Most published studies suggest that EMFs have a posi-

tive effect on bone healing,22,43,45–48 while some studies have 

reported different results.21,49–51 The scientific evidence 

regarding the efficacy and efficiency of EMFs is still con-

troversial. However, in a study by Fredericks et al38 it was 

claimed that low-frequency and low-intensity EMFs are 

powerful in the acceleration and finalization of bone fracture 

healing. Similarly, in the present study, it was observed that 

low-frequency and low-intensity EMF (1.5±0.2 mT, 50 Hz) 

significantly improved fracture healing in rats treated with 

EMF in the remodeling phase following treatment, compared 

with the control group. Controversial results regarding the 

effectiveness of EMFs on bone and other tissues may partly 

be due to the wide variations in type, frequency, duration, 

magnetic intensity, stimulation period length, and dose.52 

Differences in the results of the studies might also be related 

to the study design.

There are limited data about experimental studies that 

use the PTX and EMF combination for the treatment of 

bone fracture healing. In the current study, in all the groups 

to which combined therapy was applied, negative results 

were evident in bone fracture healing. These results may 

have arisen due to the unfavorable effects of MFs on NO 

metabolites. A study by Okano et al53 demonstrated that MF 

decreased plasma levels of NO metabolites. From the results 

Figure 4 histopathological sample of bone tissue. The sample shows mostly 
immature bone tissue.
Notes: The sample is stained with hematoxylin and eosin; magnification, 200×.

Figure 5 histopathological sample of bone tissue. The sample is mostly mature 
bone tissue.
Notes: The sample is stained with hematoxylin and eosin; magnification, 200×.
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of this study, it could be considered that the regulatory role 

of NO on the blood flow was suppressed by the EMF, and 

therefore the bone fracture healing was not successful.

There are some limitations to this study. A single dose 

of PTX (50 mg/kg/day) and EMF (1.5±0.2 Mt/50 Hz/ 

6 hours/day) was applied to the rats, and therefore there 

can be speculation as the effects on bone fracture healing 

of different dosages. However, due to ethical restrictions, a 

larger number of animals could not be used. Other limitations 

were that histopathological results could not be supported 

by biochemical and radiological findings; the monitoring 

period was relatively short; and there was no hemodynamic 

monitoring of the animals during the experiment. There is a 

need for further studies to clarify the mechanism of the effect 

of EMFs and PTX on bone remodeling.

Conclusion
It can be concluded that separate application of both PTX as 

a peripheral vasodilator and a specific EMF as a biophysical 

stimulator had a positive effect on bone fracture healing, 

but when used in combination, there may be no benefits. 

However, the efficacy of both treatments was modest, and 

the overall bone healing process could not be completely 

explained.
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