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Abstract-

Objective- Aithough the promotional effects on bone healing of pulsed electromagnetic ficlds (PEMF)
have been well demonstrated, the effects of static magnetic ficlds (SMF) remained unclear. In this study.
effects of SMFs on clinical and biomechanical aspects of bone healing using a canine unstable asteotomy
gap model were investigated.

Design- Prospective descriptive trial.

Animals- Fifteen mongrel dogs. 4 to 3 vears ofd and weighing 15.5t0 21.3 kg,

Procedures- After an osteotomy of the midshafl radius. bone healing was evaluated over an 8-week
period mn control dogs (n = 5} and experimental dogs exposed to medium (700 gauss) (MSMF) and high
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(1300 vausst (HSMEY magnetic fields (n = [ve/each groupr. Bone healing was assessed clinically and
bionechanically.

Results- Dogs exposed o HSMI had more improved lameness scores i contrast 1o the MSME and
control does. Steniticantv, ereater forees p<O.03 1 wore reguired 10 break the osteotomized radii exposed

y HSME ws compared with MSNME and control ones,

Conclusions and Clinical Relevanee- These results suggested that using the osteotomy gap model.
FESMEF enhanced the clinical and hivimechanical aspects of bone healing i dogs. Dogs at risk for deluyed
healing of Tractures may benetit from treatment with HSM -

key Words- Static magnetic lield, osteotomy Tanieness. biomechuomes. dog.

Introduction

Magnetic therapy is nothing nes. The elfects of magnets on biologic processes have been discussed for
over 2000 years, The idea thar magnetic therapy could be used o treat discase beean i the carly 16"
century with the Swiss physician. philosapher and slehemist Paracelsus, who used magnets to treat epilepsy.
dierhea and hemorrhaee,

The profileration andior ditferentiztion ol osteoblists, which are responsible for the grow the remodeting.
and repair of hone, s modutated by several extracellular factors, such as evtokines and hormones. Bone
Formation i~ adso alfeciod by pubsed electromagnetic fickds - AL proesent. pulsed electromagnenic tields wre
exensivehy appiicd in climeal reatments involying the pon-union of bone fracture s, bone gralts, osteotonnes.
fresh ractures, osteoncerosis, and ostcoporesis. As Tor 1he etlects of pulsed clectromagnetic tields on
bone. much evidence has suggested that they cuhanee the activinies of esteobiasts. e profiferation and
ditierentinon, the eapression of bone morphocenic protein-2 and 40 extracelalar matrices. alkaline
phosphatise. and net fles and the aptake of calerime:

Singe

conclosto soan Pedramn as oo hich Tactor s imore 1'c\pnl‘\lblg for hone formanen. Furthermore. 1t cannot

tromuenatic fields vield both o magnenc field and an elecrie current. no delinite

poccssaly e s e positi e oo e PENE sl nromaticatly trarsite o posttise resull

frony o stebie e ne e febd tSN- crctores e needs o he more study i aecw ot fied magnets.

Phe purpose of the present st foncas s o i st the chiects eof SME o bone healing maccaning

ostectonny cap moded. deternimed Pyomews of bromechanical ad chinical Betors,

Materials and Methods

Pitteon sosual i mbiet mate mongrel dogsc o 3 vears old and weizhing 155 w0 213 beowere studied
Dices were determined 1o be healihe on the basis ot phasicale eabopedic and radiographic examimation
fonchmgs and normad CBC and ~erusn Bochonsuny rosulis, Dw\ wore sindoml assigned e o enperimentad
Haleh cHSNE o mediam strength maenene field VSN
caperimental protocol was approsed by the Neerinary Chindcat Sciences Connmittee w Urmita University,

P = dfcachii ar contrel {n = 51 groups. The

Custome-made magnetic wraps composed ot three square shaped permanent mavnetic plawes (L. 1 mche
Ho b mehy cAcrospace comples, Malch-c-Ashtar Universiee, B taban. Transwere used 1o create the stativ
maenetie Helds o this stwds . Wreapsaowere made of commercial 15 om clasie bandaee relis. Fach magneuc
nlate wus muade of wn alloy of strontm terrne eSele 2O The maenetic pewers of the plates were 700 and
P00 cass For NISNIT and FISNIE crovpas respectively, The magnetic toree hetween two facing magnet
phites wis wraetive o each others vne polarity s north £ and another one 1 south £500 Insctive plates.
witheut magnetic power were used inconirel group,

Does were promedicated soithy atropine 1Darou pakbshe Tehran, Trany 10004 medkes intramuscularly J1IM ]
and acepramazine tHoogsrraten. Beleimy o0 b my/kes INDL Anesthesinw as induced swoath sodim thiopental
iBiochomio Gmbl L Vicnne Austro 10 medhes 2570 intravenousty o and maintained with hadothame aiter
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mtubation. Right radius was sclected for creation of midshaft osteotomy in cach dog. The limb was clipped
and prepared for aseplic surgery.

The timb was draped. and an approach to the craniomedial radius was made, A Kelty hemostat was
passed between the radius and ulna o protect the ulna trom damage during osteotomy. A Gigli wire was
used 1o create an osteotomy, leaving a 2-mm gap between bone ends. The area was favaged. Closure was
routine.

All dogs received sodium ampicillin (Zakaria Pharmecutical Co.. Tabriz. Tran) (23 mg/ke. intravenously,
every 0 hours). and gentamicin sulfate (Darou pekhsh, Tehran. Iran) (5 mg/kg, intravenously. every 24
hours) for 5 consecutive post-operative days. Tramadol {tKRKA. . d.. Novo mesto. Slovenia) (0.2 my/kg.
IM) was administered every 3 hours after surgery for 24 hours and as needed thereafier to control pain and
discomfort.

Two days postoperative, the experimental (HSMFE and MSMT7) magnetic wraps were placed over the
operated regions (right mid-antebrachivimy in either 5 dogs of the experimental aroups. They were fixed
with noncompressive dressings and oriented in a way to assure the North Pole facing the limb. The operated
regions in 5 control dogs were covered by inactive magnetic wraps. as well, The operated regions in cach
experimental group were exposed to static magnetic field continuously throughout the entire experimental
period (8 weeks).

Lameness scoring was performed independently by 2 of us (S, MA) during the entire cxperimental
period. based on Smith ¢r @l The lameness was scored for both forclimbs by both examiners as: 0= non
welght-bearing. 1= weight-bearing. but lame: 2= no lameness, Lameness score for cach time point was the
mean ot results of the 2 examinations. Total scores and mean values were caleulated for each group,

During week 8 of the study. dogs were euthanized by intravenous administration of sodium thiopental
solution. Immediately after euthanasia. both radii were removed. cleaned of solt tissue. wrapped 1 saline-
soaked tampon and subjected to mechanical testing. The mechanical properties were measured by a manual
custom-made three-point bending machine (Rezazadch er .. Urmia University, Iran. The Young's modulus
of clasticity. ultimate strength, failure load. and maximum bending moment were determined. Data derived
from mechanical testing were expressed as the mean (+ SD) for each group.

Statistical Methods

The results of lameness scoring were statistically evaluated using Kruskal-Wallis test. Differences in
fractional changes in mechanical properties between experimental and control groups were analyzed with
an unpaired Student’s 7 test. Differences were considered significant i p<.05 {SigmaStat for Windows.
version 2.03. Jandel Corporation. San Rafel. CA).

Results

All dogs were recovered from surgery without complication. All dogs had some degree of incisional
swelling. which resolved in a few days. All dogs remained healthy throughout the study. Magnetic wraps
were well tolerated and no sores were observed due to limb wrapping.

Results of forelimbs lameness scoring are presented in table 1. Dogs exposed to HSMF had a mean
lameness score of 1.27. whereas dogs in control and MSME groups had a mean score of 0.77 and 0.86.
respectively. Mean of lameness score was significantly improved in HSMF dogs as compared with either
MSMF or control groups.

Mechanical properties measured for the three groups are shown in table 2. Significant differences in the
examined mechanical properties were tound between percent of decreased values of HSMFE and either
MSME or control dogs. Statistically. the percent of reduction in biomechanical values of HSMF aroup was
signiticantly less than both other groups. which revealed that radial osteotomy sites were stiffer in the
former group.
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Table 1: Results of lorelimbs lameness scoring (based on Smith er «f.. T983)

Groups
T Comwol | MSMFE HsAE
R 0 0 0
, 3 0 0 0
o 5 0 0 0
=R 0 0 _
S 0 ! s
sl 2 R ER AN R P R
z 8 | _ 2
= 35 1 | >
o4 1S 1.5 2
= 49 2 2 2
| s6 22 2
L meansS | 0.77+0.82 | 0.8640.77 | 1.27+0.88

VISAHS medini streneth imagenetic fiold
CHISME high steeneth magnctic field
difter trom scores for either control or MSMIE groups (- 12.013)

Table 2: Statistical comparison of biomechanteal parameters of radii in control and experimental groups

Lulus of elasticity (MPay) _ Ultimate strength (MPa)

Failure load (N) Maximum bending moment ./..::..:J ‘

Young's mo

intect fimb operared limh % Decrease | dntact limh operared fimb Vs Decrease intact inrh eperated limb o o Decrease

control TIRDY ORRAN _ dndn W T [ R N ) S _ 12030
S —— b e R . B .
MSME AERNRISE T fusnl 33

HSMF

intact timb  operated lmb Ve Decrease

230 23085400 % ot 7E 0 SLEE | o0l RTR

A2 2TREAARD 7 s Sl e

4] S22 4567

u:y.vn.,.ﬂ,:‘n.

VISV ncdnim sireseth magnetic ficld
CISME g sieength nagienic ficld
" difter from values for cither control or MSME dogs ¢ 01.03)
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Discussion

fthe present study we showed that in dogs. the static magnetic field associated with application of the
500 gauss custom-made wraps for 8 weeks, promoted bone healing in osteotomized radii, 1tis in agrecment
with the results of Bruce e ol Darendeliler ef ¢f. and Yan 7 af. in which SMI increased the rate of bone
repair and new bene deposition, and prevented decreases in bone mineral densite.”

The ability to withstand loads is the most important feature of o heading bone. Young's modulus of
clasticity Is a4 measure of the stiffness of a material. and the higher its value the stiffer the material.” The
stiftness of @ material is related o sts composition.” In this study. stiffness of bridging tissues in healing
stubilized tibial ostectomies mereased over the S-week experimental period m the HSME dogs as compared
with the MSMFE and control dogs. which comesponds to the t pe of Hssue in the oslectonmy gap. Defects are
mitially bridged with unditterentiated connective tissue during the first 2 weeks, As healing progresses.
sttfness inereases as the composition of bridging tissues chianges (rom predominanty unditferentiated
connective tissue 1o cartilage and mineralized cartilage and eventually 1o bone.” The mean of Young '~
modulus ol the osteotomy site i this study was more than 3 tnes ereater in TISME doges than in MSMF and
coatrol dogs. suggesting that healing ol osteotomy sites was more advanced in HSME doess The vlumate
strength at fatlure of o bone s related to bone stze and bone geometry.” The mean of ultiniie strength ol the
osteotomy site i this study was more than 6 times greater in HSAE dogs than in MSMFE and control dogs,
reflecting Farger callus size and more advanced mineralization of the callus.

The most plausible mechanisin for SMNF iy the enlianced blood flow 1o the site of surgery. which s
pooling oxyeen and nutrients thereby speeding the overall healing process.”™ 1t has been suggested thit
static magnetic fickds have a stimulators effect on regional blood Tow o the extremities and that this
crthances healing of musculosketetal injuries. Kobluk ¢ ¢/ reported that a stativ magnetic freld significanty
nereased blood flow and metabolic activits in the metacarpus of horses,” The magnet improves circulation.
allowmy blood vessels o dilute and brang a ereater volume of blood flow o the mjured area. This helps o
bring i natural healers and o remove the toxic byproducts of intTammation. brady kinens, and
prosiaglandine,

It has heen demonstraied that magnetic fickd mereased the production of collugen m the fn o crown
rabbit marrow fibroblasts, defined as determined osteogenic precursors, and of chveeswmimoslyeans o
cultures of chondrocytes and articular cartilage. possibiy via an intracelular reduction of cvelic adenosine
maonophosphate TANPY. The increased formation of matricedl components ma cenplam the aceeleruied
fracture healing rate when subjected 1o magnetic field.™ Bassett er of. speculated tha nuagnetic freld may
perturh and/or modify the cellular imembranes thereby allowing jonic mosement from the extracellular
enviromment into the osteogenic cells thereby promoling osteogenesis.,

Theuse of magnetic Dields in fracture heading increases the adherence ot caleium ions o the bload clol
formed it the site of the break. This allows for the proper Tormation of the cablus tial is nevessany for
fracture to heal properly,

The suecess ofmagnet therapy on bone healing s also atributed. in part. w its racthitating the misration
of culcium ions snd osteoblusts o heal hroken bones i Tess Uan the usual tine

Stenificant improvement in the mican of Tameness score of the TISME dogs as cortpared with thw NISN|
and controb doss imay reflect the pain relict they attained Juring this Scaeek trial, The mechanistic hasis of
these promising results i pain reduction s not entirehy uederstond. Constant magnetic stmulalion nen
ifluence small C-ibers and may preferentially desensitize sensary retrens byomaodifving membrane
potentials. The SME produced fiekds that block tirme ot sodium-dependent action potentids ol senson
nearons eelt culture, Moreover, it has heen shown o block culcium-dependent TUSPDISeS 10 Capsaien
and sodium-dependent acton potertial firing simuttancousiv in e siume netrons,

Fheresults of this stady are encouraging and revealed hat strong static nuienctic fields may b e climed
application i the treatment ot fractures i patients w risk o develeping deluved or nenunien fractires
Whiistitis sull oo carty 1o predicr the eventual role it saic mzenetic fields may plas i the foture
treatment of bone defects and Tractures, this report certainiy sugeests that 1he subject should be tehen

sertotshy and that more controlled. clinieal investisation is warranted,
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