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ABSTRACT

THE EFFICACY OF ELECTROMAGNETIC BONE GROWTH STIMULATORS ON

DELAYED AND NON-UNION FRACTURES: A META-ANALYSIS

By

Tara Angela Yeske

Purpose: The purpose was to determine the efficacy of electromagnetic bone growth

stimulators on healing delayed and non-union fractures.

Methods: All eligible studies from MEDLINE and CENTRAL were compiled and

reviewed by two reviewers. Inclusion criteria included any randomized controlled or

controlled clinical trial comparing a bone growth stimulator to a sham control. All

disagreements between the two primary reviewers were adjudicated by a third reviewer.

Abstracted data was used to estimate a relative risk.

Results: Only four articles met all inclusion criteria and data was extracted for the meta-

analysis. The primary finding of the meta-analysis was a summary random effect risk

ratio of 2.62, with a 95% confidence interval of 0.78 to 8.78. The test of homogeneity

was highly significant (Chi2 = 21.91, 3 d..f., p < 0.0001). Out of the four studies, only

Barkers’s favored the control over treatment (RR = 0.91).

Conclusion: The primary findings from the random effects method conclude that there

was no statistically significant evidence that bone growth stimulators promote healing on

delayed or non-union fractures. However the secondary analyses using a fixed effect

analysis showed a similar but statistically significant effect of bone growth stimulators on

healing compared to sham control. Both analyses have significant heterogeneity and a

small amount of included studies.
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A successful man is one who can lay a firm foundation with the bricks others

have thrtmrn at him.

-l)a\-'id Brinkcly
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CHAPTER I

INTRODUCTION

Overview oft/re Prob/cm

Delayed union is. "the cessation ofthe periosteal response before the

fracture successfully has been bridged." (Marsh. 1908). Fractures that are delayed

unions have a retardation ofthe normal process of bony consolidation. Delayed

union does not imply that the fracture will never heal. just that the process is

slowed. Nonunion fractures are defined as being. "A bone that fails to unite or

heal completely. Diagnosis of nonunion is established when a minimum of nine

months have elapsed since the injury and the fracture site shows no progressive

signs of healing for a minimum ofthree months without a complicatitm from

synovial psedoarthrosis." ('Venes & Thomas. l997). Fractures ofthis type are not

expected to heal without further intervention such as surgery.

Diagnosis ofnonunion or delayed union fractures is made on clinical symptoms

including pain. range of motion. and radiological evidence ofcallus formation

(Panagiotis. 2006). There are many reasons why fractures fail to heal. These risk

factors include inadequate immobilization. comrninuted and devascularized bone.

poor vaseularity of fracture fragments and surrounding soft tissue. infection. prior

irradiation. presence of bony defects. systemic factors such as malnutrition or

chronic illness. medical related conditions. and smoking (Saleh & Hak. 2001).

Nonunion and delayed union can be treated either surgically or non-surgically.

Bone grafts. internal fixation. plate fixation. and intramcdullar'y nailing are

examples of invasive surgical techniques commonly used for fractures



(Panagiotis. 2006). Osteoinductive molecules and external electromagnetic bone

stimulators are two new. less invasive options for nonunion therapy. Shortly after

the first report of using oscillating electromagnetic fields to treat nonunions in

1983. the Food and Drug Administration approved the use of pulsed

electromagnetic fields for clinical use for treating nonunion fractures in humans

(Otter et al.. 1998). Health insurance companies have already added these devices

and approved them for billing oftreatment. In a statement put out by Aetna

(2006). they cite direct current electrical bone growth stimulators medically

 

necessary for conditions including non-unions. failed fusions. congenital

pscudarthrosis. delayed union. and for patients at high risk for spinal fusion.

Insurance companies are pushing for the use of bone growth stimulatm's in order

to avoid open reductions or bone grafts that would. in consequence. accrue further

costs.

Clinicians. as a profession. must continually educate themselves on

current science by reading various scientific journals. They are bombarded by a

plethora of academic articles and must filter through them and judge which ones

are truly scientifically sound. Electromagnetic bone growth stimulators are a

relatively recent modality and there are conflicting results from various scientific

studies disputing their efficacy in regards to bone regeneration. This study will

provide answers about bone growth stimulators using only the strongest

scientifically based studies. and allow the clinician to make an educated decision

of whether to use to modality in practice. Not only will new statistics be

generated. but readers can also use the meta-analysis as a tool to quickly review



all the scientifically sound articles on the topic. In order to understand the actual

efficacy of bone growth stimulators on nonunion and delayed union fractures. a

systematic review must be conducted on the current literature.

Significance (ifl/1c Prob/cm

Five to ten percent of fractures become delayed unions and approximately

one percent becomes nonunion fractures (liinhorn. 1995). With lower extremity

fractures. the risk of delayed or non-union increase dranmtically. with 29%

becoming delayed unions and 109-0 becoming nonunion fractures (Coosemans et

al.. 1988). Delayed and non union rates for open tibial shaft fractures range from

16-60% in lower grade fractures to 43'1000’T) in more severe open injuries (Candle

& Stern. 1987: Sanders et al.. 109-1: Reimer ct al.. 1095). Ifa delayed union or

nonunion fracture is left untreated it can result in arthritis in the joint. loss of

range of motion. prolonged hospital stays. multiple operations like plates. internal

fixation. and bone grafts. long periods of immobilization. increase expenses. and

decrease in the quality of life. Fractures that heal in the malunited position may

require osteotomy to correct alignment or rotation (Younger & Chapman. 1980).

“Particularly severe injuries may become recalcitrant nonunions. requiring

multiple operative interventions over months to years to achieve union." (Saleh &

Hak. 2001 ).

Only one meta analysis looking at the effectiveness ofelectromagnetic

Uisteredh-

kw

bone growth stimulators on delayed union and non union fractures was re

on the Cochrane Library. and merely few have been published in journals. This

study titled Iz'lcc'li'rmrcrgirelic FieldS'Iimu/ulionfor I/rc 'li'culmenl och/rri'crl

J



Union of'A'on-nnion oflong bones by Punt et al. (2004) is an unfinished. ongoing

study which only reviews long bones and neglects to address the many

predisposed anatomical sites with poor blood supply. There is currently a

controversy over whether bone growth stimulators are effective and specifically

for what conditions. Effect ofli/ectric Stimulation ofJIt{sen/askeletcrl Svstetns.‘ .‘f

rlleta-Analj'sis o/(‘ontrollecl ('linical Trials by Akai and Hayashi (2002) proves

there are positive effects when used for tissue healing. Table 1 compares these

meta-analyses along with the studies lz'lectromagtzetic l’ielrlsfor llre Treatment of

Osteoarthritis by Hulme and associates and Electric Stimulation and lliyrerbaric

oxygen therapy in the treatment of.\'onnnion.v by Karamitros. Kalentzos. and

Soucacos (2002. 2006). To date there is not one large definitive trial on the

efficacy of bone growth stimulators for delayed and non-union fractures. Because

there are so many scientific studies being published on this topic. it is difficult to

sift through the contents and discern which studies are truly scientifically sound in

order to compound a true result. The studies that have been published are

outdated with the most recent collection of studies being from 2001. This gap in

literature fails to identify current studies and will be filled by this meta-analysis.

Problem Statement and Research Plan

The purpose ofthis systematic review is to evaluate the efficacy of

electromagnetic bone growth stimulators on delayed union and nonunion fractures

at all sites based on randomized controlled trials conducted on humans. For this

review delayed union fractures will be classified as no healing at the site with in

three or more months and non-unions defined as failure to unite beyond six



months. All articles will go through a three step screening process. Article titles

found in the search will be initially screened. Ifthe title and abstract appears

relevant to the review. the article will then be read in order to identify ifit meets

eligibility criteria. Only randomized and controlled clinical trials will be

considered. Randomized controlled trials are clinical trials that have a control

treatment allocated by a random process. A controlled clinical trial is any study

that allocates by a pseudo-random process like coin flips or social security

numbers. Ifthe study meets these criteria. data extraction will take place and it

will then be included in the review. The quality ofstudies will then be assessed

according to the Jadad score and Cochrane approach to quality assessment for

inclusion. See Appendix A for the assessment characteristics.

."\'eecl./rn‘ the Study

There have been numerous studies done on stimulating bone growth with

clectromagnetics and ultrasound techniques although only a few were performed

using the randomized clinical trial design. Ofthe four previous published

reviews. only one by Punt and associates (2004) concentrated on bone growth

stimulators and their efficacy with delayed and non-union fractures. This same

review is being researched on long bones including the tibia. fibula. femur. and

radius. Other sites that traditionally have poor blood supply like the scaphoid. are

not included. This study involves pulsed and non-pulsed electromagnetic bone

growth stimulators and is currently being conducted. A meta-analysis by Akai and

Hayashi (2002') used pulsed electromagnetic fields to test efficacy on bone

healing and soft tissue healing. Because ofthe criteria. only studies published

'
J
I



"from 1966-1999 were included. This leaves a time gap where the intervention has

evolved. More current studies need to be compounded in order to analyze the true

efficacy of bone growth stimulators. The methodology ofthis review researches

two different cfficacies. which skew the results ofthe true effectiveness on non-

union and delayed union fractures (Punt ct al.. 2004: Akai & Hayashi. 2002). Out

ofthe forty-nine studies reviewed. only twenty-eight were used in the meta-

analysis. a limited amount of studies. This study did not disclose their statistics

analyzed by ROMA 88. Their reported general findings showed no proofthat

bone growth stimulators had a specific effect on health. but had positive findings

when used on tissue repair.

Another metaamalysis conducted by Hulme and associates (2002) focused

on pulsed electromagnetic fields and their efficacy healing osteoarthritis. All

randomized clinical trails and controlled clinical trials published before 2001 were

used. Even though controlled clinical trials were included. only three out of 102

studies met the inclusion criteria (Hulme et al.. 2002). Due to the low number of

literature. no clinically important results were produced. A review titled lilectric

Stimulation anrl lljyrerharic (Ivygen Therapy in the Treatment of.\"otnations

evaluated studies that used electric stimulation in combination with hyperbaric

oxygen (Karamitros et al.. 2006). The results of pulsed electromagnetic fields

alone cannot be determined from this study because of its use in combination with

hyperbaric chambers. Being the most recent systematic review conducted. no new

information was generated because a meta—analysis was never ran. The problem

why previous studies have not efficiently addressed the topic includes a wide

 



distribution of various types of injuries. various types of outcome assessments.

small number ofincludcd studies. and a time gap ofcurrent literature exists. Also

many ofthe reviews do not consider selection bias by only searching for journals

offelectronic databases and with articles that are only published in English.

This study will concentrate on the efficacy electrormrgnetic stimulation has on

delayed union and nonunion fractures at all sites. All randomized and controlled

clinical trials published until the present date will be included in the review. Only

studies testing bone growth stimulators will be used. This includes direct current.

PEMFs. and capacitive coupling. The results ofthe review will provide a

scientifically sound consensus on bone growth stimulators and will aid the

decision of whether to utilize the modality in general practice for clinicians in the

healthcare field. Once the systematic review is completed. an attempt at a meta-

analysis to get a summary result will be made.

Research Questions

With all the conflicting data on efficacy of bone growth stimulators

regenerating bone. this meta-analysis will compare only the studies ofthe highest

scientific nature by using randomized and controlled clinical trials in order to

quantify the true benefit ofthe modality. The statistical analysis will be

concentrated on the following questions:

I. What is the efficacy ofelectromagnetic bone growth stimulators on

delayed union and non—union fractures at all sites?

2. Are there differences in results ofstudies performed as randomized

controlled trails compared to clinical controlled trials‘.’



3. Does the blinding of outcome assessors affect the results?

4. Does the methodological quality of studies affect the outcome when

looking at both sensitivity analyses?

Definition of'l'erms.

Delayed union: an ummited fracture that continues to show progress towards 

healing or that has not been present long enough to satisfy an arbitrary time

standard for nonunion (Phieffer & Gould. 2006). It is usually diagnosed when

there is failure to see normal healing ofthe bone on radiographic evidence within

three to six months ofthe injury depending on the fracture site (Punt et al.. 2004).

Electric Stimulation: there are three distinct forms. direct electric current. pulsing 

electromagnetic fields (PEMI’s). or capacitive coupled electric energy. The direct

electric current uses a generator to deliver electric energy by surgically implanted

electrodes into the fusion bed. PFMFs are a time varying current that travels

through metallic coils at a certain duration and intensity. Capacitive coupling

charges two metal plates that are attached to a voltage source and produces

electrical field. Both PEMFs and capacitive coupling utilize electrodes (Oishi &

Onesti. 2000).

Meta Analysis: a statistical teclmiquc for combining the results ofa number of 

individual studies to produce a summary result. It is not synonymous with a

systematic review (Khan et al.. 2003).

Nonunion: when the normal biological healing process of the bone ceases so that

complete healing will not be achieved without further treatment (Phciffer &

Gould. 2006). The United States Food and Drug Administration quantifies a



nonunion as a fracture that has occurred at least nine months previously and has

not shown any radiograph signs of progression towards healing for three

consecutive months (LaVelle. 1998).

Pseudoarthritis: the formation ofa false joint where the fibro cartilaginous cavity 

is lined with synovium and produces synovial fluid (Panagiotis. 2006).

Radiological Criteria: following x-rays. radiological signs as evidence of union of
 

a fracture such as loss ofdistinction at the fracture gap. cortical bridging. and

trabeeular bridging (Simonis et al.. 2002).

Svstcmatic Review: a method for reviewing and evaluating scientific literature.
 

The review evaluates and interprets all available research relevant to a particular

question. It identifies all relevant primary research and standardizes study quality

so that only studies of acceptable quality are synthesized (Glasziou et al.. 2001).



C I IAPTER 2

LITERATURE REVIEW

Non union and delayed union fractures are a common occurrence among

bones with poor blood supply. Traditionally in the past only surgical Options

were considered for repair. Just recently have modalities like bone growth

stimulators and ultrasound been used in an attempt to enhance bone growth and

fracture repair. In order to understand the scientific basis behind the modality. the

history of bone growth stimulators will be discussed. Also literature will be

reviewed regarding the process of using meta-analysis as a research tool.

Anatomy and Physiology ofBone

Bones are organs that contain several different tissues including osseous

tissue. nervous tissue. cartilage. muscle. and epithelial tissue. There are two parts

to the bone. the compact bone which is the dense outer layer and the cancellous or

spongy bone which lies internal to the compact bone (Marieb. 2001). The entire

surface on the outside of the bone is protected by a double layer membrane called

the periosteum. Dense. irregular connective tissues make up the first layer ofthe

periosteum. The inner osteogenic layer is made up of osteoblasts. bone forming

cells. and osteoclasts. bone reabsorbing cells (\N’atson. 1979). The periosteum is

supplied with nerve. lymph. and blood vessels which enter the bone by the

nutrient foramen (Marieb. 2001 ). The cndosteum is a connective tissue that

covers internal bone surfaces including the cancellous bone and marrow which

also contains osteoblasts and osteoclasts.

10
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Bone remodeling is caused by bone deposit and resorption in the

periosteal and endostcal surfaces (Marieb. 2001 ). The actual process that triggers

calcification ofthe matrix is controversial although researchers do know that in

order for bone deposits to be made. there are key products needed. When calcium

and phosphate reach a certain level. tiny crystals are formed. Another product

required for calcification is matrix proteins in order to bind the calcium. Alkaline

phosphate which is shed by osteoblasts is a key ingredient for mineralization

(Marieb. 2001).

During bone resorption. osteoclasts from stem calls in the bone are turned

into r‘nacrophages. These macrophages move around the bone surface and dig pits

called resorption bays as they break down the matrix. The outside ofthe

osteoclasts secrete lysosomal enzymes and acid. These two substances aid in

digesting the matrix and converting calcium and salt into soluble forms that can

be transported through the blood (Marieb. 2001 ).

There are two systems in the body that control bone remodeling. These

are the negative feedback hormonal mechanism and the body‘s response to

mechanical and gravitatiomrl forces on the skeleton. The hormonal mechanism is

an interaction between the parathyroid hormone (PTH) and calcitonin. PTII is

released when blood calcium levels decrease and stimulate osteoclasts to reabsorb

bone which in turn releases more calcium into the system. Calcitonin is secreted

when blood calcium levels increase and inhibits bone reabsorption. It also

encourages calcium deposits in the bone matrix reducing blood calcium levels.
9



These two elements monitor the body‘s calcium level to keep it at a consistent

homeostasis.

The body‘s response to mechanical stress and gravitation forces is based

offof Woolfs law which states that bones grow or remodel in response to the

forces placed on it. In this mechanism the forces are muscle pull and gravity

(Marieb. 2001). When bone is loaded it bends and causes compression forces on

one side and tension forces on the opposite. Deforming bone causes an electrical

current with the compression and tension regions ofthe bone being oppositely

charged. This suggests that electrical signals direct the remodeling process. Bone

tissue tends to deposit in negatively charged regions while absorption occurs in

areas of positive charges. The theory ofthis mechanism is that electrical fields

prevent PTHI from stimulating osteoclasts which decrease bone absorption at. the

site (Marieb 2001).

The Process of'()steochomlral Regeneration

The healing time for simple fractures can be six to eight weeks or longer

for large weight bearing bones and complicated fractures. There are four major

phases ofthe healing process. The first phase is hematoma formation. After the

fracture blood vessels in the bone. periosteum. and tissue are torn and hemorrhage

making a massive clot ofblood at the fracture site. The bone cells around the

fracture site are deprived of nutrients and die. This causes the tissue to become

swollen. painful. and inflamed. Fibrocartilaginous callus formation is the second

phase. Within a few days ofthe fracture a callus from the thrombus is formed out

of fibroblasts. collagen. proteoglycans. and chondroeytes (Otter et al.. 1998).



Capillaries grow and phagocytes clean the hematoma. Fibroblasts and osteoblasts

are sent to the fracture site to rebuild by forming spongy bone and making

collagen fibers.

The third phase is named the bony callus formation. During this phase

new trabeeulae bone in the callus starts to harden. This phase initiates three to

four weeks after the injury and ends in a firm union in two to three months

(Marieb. 2001). Bone remodeling. the last phase. begins during the third phase

and continues for several months after the bony callus is remodeled. Excess

material is removed and compact bone is laid down to reconstruct the shaft walls.

In the end the bone resembles its original structure before the fracture. With

normal healing. over time the callus is invaded by blood vessels and the

cartilaginous material is removed while the tissue becomes calcified. However

this process does not occur with a true nonunion fracture. It is at this time in the

bone regeneration process that many clinicians choose to surgically treat the

fracture before it becomes a delayed or nonunion.

Factors Affecting Bone Regeneration

Bones fail to unite not just because they are poorly vascular or were

immobilized improperly. There may be underlying factors that inhibit the bone

regeneration process itself. Chronological age plays a role in bone regeneration.

It is proven that it takes bones longer to heal in the elderly because they have poor

circulation (Marieb. 2001). There are many pathological conditions that interfere

with bone growth. There have been examples of infected growth plates where the

plate is partially or completely destroyed by the infection process (I lall. I990).



During the growth phase infections can inhibit or stimulate abnormal

intramembranous ossification. Children with anemia may have problems with

bone growth. Their body has an abnormal increased need ofspace for

hematopoietic tissue. This causes an increase in marrow at the expense ofcortical

bone and is commonly found in long bones and the skull. The replacement of

compact bone leaves it with a porous appearance like dry bone (Hall. 1990).

Metabolic processes like hyperthyroidism causes an abnormal pattern in bone

growth. In a healthy body. the thyroid hormone stimulates replacement of

cartilage in long bones with bone tissue. The amount ofthyroid hormone secreted

is inadequate for normal bone growth in a person with hyperthyroidism. The

pituitary gland secretes growth hormone which is responsible for the division of

cartilage cells in epiphyseal disks. Without this hormone. the long bones fail to

develop causing dwarfism (Marieb. 2001 ). Other diseases associated with

abnormal bone formation include osteomalacia where bone is inadequately

mineralized. osteoporosis where bone resorption out paces bone deposits. and

Pagets disease where Paget bone replaces the marrow cavity.

Diabetes and malnutrition have been linked to the process of bone growth.

For optimal bone growth the body needs proteins and minerals including calcium

phosphate. magnesium. and manganese. Vitamin D aids in the absorption of

dietary calcium. Vitamin A balances the deposit and removal of bone by being

involved in osteoblast and osteoclast activities. Collagen synthesis requires

Vitamin C. Without it osteoblasts produce less collagen in the intercellular
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material of the bone tissue resulting in bones that are abnormally slender and

fragile.

History of’Electromagnelics on Remodeling Bones

Electromagnetism. the physics ofthe electromagnetic field. is responsible

for the interaction of atoms. which make up the main foundation for biology and

medical field. The 1950's marked an era when the first piezoelectric properties

were reported in Japan by Fukada and Yasuda (Ryaby. 1998). It was also during

this time that bone tissue was discovered to have electric properties. Other

research was also conducted by Bassett and Friedenberg ( 1962) on the

osteogenesis influence of bioeleetrieal properties of bone. Friedenberg (1966)

was the first researcher to successfully treat a non-union ankle in their clinic with

electromagnetic stimulation.

In 1957. Fukada discovered that mechanical loading of the bone generates

an electrical potential in the bone tissue (Fukada & Yasuda. 1957). Ile found that

when a bone is stressed. there is an electropositive charge on the convex side and

an electroncgative charge on the concave side. This finding coincides with

Wolff’s law that bone remodels at areas ofcornpression and reabsorbs at areas of

tension (Liboff. 2006). Studies prove that walking produces mechanical strains

lower then 10 Hz while postural muscle activity produces higher frequencies 20 to

30 Hz (Antonsson & Mann. 1985). Iilectronegative charges can be found at sites

with active bone growth including growth plates and epiphysis because

osteoblasts are activated by negative charges. Research has shown that bone
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growth peaks around the cathode. the negative electrode. and decreases around

the anode. the positive electrode (Liboff. 2006).

Bioelectrical Properties in Bone

Potential differences exist in all living tissue. A steady resting potential

from microvolts to more then one hundred millivolts has been recorded in

biological systems. These differences undergo changes with metabolic processes.

injury. illness. mechanical stress. and different states of consciousness

(Friedenberg & Brighton. 1966). There are many natural origins ofdirect currents

found in tissues including ionic gradients and ion transfers across membranes.

structure oftissue with polarized molecules. the semiconductor mechanism in

tissues. and the cell metabolism itself. Strained electric potential signals for

regulation ofcellular processes such as bone repair and remodeling. Since all

tissues are subjected to dynamical mechanical stress. they may use these electrical

signals as a regulation component in the rnutinous and repair oftissue function

(Ryaby. 1998). For example. bone and cartilage are mechanosensistive. Electric

properties from the mechanical load cause streaming potentials produced from

fluid flowing through the charged extra cellular matrix. These potentials inform

the cells to alter skeletal remodeling due to the changing load (Ryaby. 1998).

Friedenberg and Brighton (1966). conducted a study to measure the electrical

potential in human bones. Skin potential differences were taken with electrodes

from the leg and thigh in thirty six humans. sixteen of which had healing tibial

fractures. They found a typical curve pattern in the electricity of healthy bones.

In non-fractured bones. the epiphysis was positively charged with respect to the
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subepiphysis and the metaphysis was negative in respect to the epiphysis. ln

fractured bones the entire shaft down the epiphysis was electrically negativ ’ and a

secondary increase in electric negativity was found over the fracture site. With

healing ofthe fracture. the electric curve returns to normal. The fact that

electricity at the fracture site is markedly negative supports that either bone

growth is stimulates negative charges. or that the electrical negativity at the

fracture site was a result ofthe fracture. This curve pattern is consistently similar

on the skin and periosteum to the curve on the bone and indexes the magnitude

and disposition ofdirect currents in bones.

This phenomenon was also observed in mammalian and amphibian bones.

Bassett and Becker ( 1962) conducted a study which put two electrodes. one

posterior and one anterior to monitor the electric activity ofamphibian bones

being bowed. The pressure was applied so the bone would deform concave

posterior. When pressure was exerted. immediately the posterior electrode

recorded negative electricity that slowly decreased until the force was removed.

After the force ceased. the anterior electrode briefly became negative.

Deformation in the opposite direction was applied and the same results were

observed. The results confirm that these potentials were caused either by

piezoelectric properties or a displacement potential. The displacement potential

occurs when a number of molecules are bent in the same way displacing free

charge carriers from in to outside the molecules.

Th ‘ amplitude ofthe electrical potential depends on the rage and

magnitude of bony deformation. The polarity is determined by the direction of



bending (Bassett & Becker. 1962). When bone deforms osteoclasts inundate the

surface of tension while osteoblasts swarm the area ofcompression. This happens

so bone remodels in a better way to cope with the stress. It is believed that

mechanical deformation causes potentials in bone because direct current has been

Uencsis. and reUcnerationbx v.
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linked with cellular migration. tumor formation. morpho

of amphibian limbs (Bassett & Becker. 1962). Since stress potentials from

walking or deforming bone influence the activities of bone cells. it is possible that

electricity is the underlying factor between mechanical stress and bone

remodeling (Watson. 1979 ).

Many studies that have been performed prove that electromagnetic fields

modify the bone growth process. Norton (1974) completed research on rooster

chicks that show bone growth orients to the positive electrode when the induced

charge on the bone is negative. In his studies Friedenberg ( 1966) observed that

stimulated bone formation surrounds the cathode and radiates out in a manner that

coincides with electrical field lines. The release of hydrogen at the cathode

gen and makes hydroxyl radicals that contribute
k,

occurs instead ofconsuming oxy

to the alkalinity ofthe tissue making it more favorable to calcification (Watson.

1979).

There are various theories behind the origins ofelectric potential in bone.

One theory is based on piezoelectricity. This is defined as the generation of

electrical current from the stress of bone crystals and is dependent on the rate and

magnitude formation (Friedenberg & Brighton. 1966). This theory sapports why

the concave side of bones are negative compared to the convex. The streaming



potential is an alternate theory. This states that electrical potentials are a function

ofthe rate of fluid flow in the growth area due to different tissues being

comprised of dissimilar components with inherent surface charges. For example.

when a bone bends small channels in the cortex deform which causes movement

of liquid towards the surface of tension. Ifthe mobile ions are positive. then the

surface under tension will turn positive. This theory explains why measurements

of bone potential vary with the rate of load on application.

When outside electrical potentials stimulate bone it is hypothesized that

one of two things happen physiologically. The electrical field may prevent the

parathyroid hormone from stimulating osteoclasts at the fracture site. which

decreases bone absorption leading to the formation of more bony tissue. Or the

electrical fields induce products ofgrowth factors. which stimulate osteoblasts

(Marieb. 2001 ). There are many factors to consider for successful clinical

application ofelectric stimulation. Friedenberg believes that current density and

voltage or field strength is involved while Lavine and Connolly believe that the

passage ofelectrical current across the fracture gap stimulates healing (Watson.

1979). It is believed that a threshold ofcnergy needs to be produced. below

which no regeneration occurs. Bassett et al. ( 1977) stress the importance of pulse

parameters and concluded that the field strength at a nonunion is 1.2-1.6 mV/cm.

Scientific llteot‘ics Behind [fleclromagnetic Stimulators

Several theories explain the potential bone healing qualities of

electromagnetic stimulators. These include strained general electric potentials

beinU signals used for regulating cell processes including bone regeneration and
C
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remodeling. This suggests that all tissues that get stressed may use electrical

signals in the maintenance and repair oftissues (Ryaby. 1998). Bone growth

stimulators are a device made to mimic this electrical signal.

There are three different ways to use the stimulators to treat nonunion and

delayed union fractures. Direct current stimulation is conducted with an

implanted electrode and is the most invasive of the three. Electromagnetic

stimulators work by inductive coupling that uses time varying magnetic fields that

emit a pulsed electrical current through a coil placed on the fracture site (Punt et

al.. 2004). Capacitive coupling stimulators use opposing electrodes that are also

placed over the fracture site (Liboff. 2006). Both capacitive and inductive

coupling are noninvasive.

Electromagnetic stimulators also vary in being pulsed or non-pulsed.

These pulsed waveforms have become the standard for the bone growth

stimulator industry because the pulses mimic higher frequency potentials that are

seen during impact loading during bone tissue (McLeold et al.. 1995). Studies

have shown that pulsed electromagnetic currents can differentiate bone cells.

reduce osteoclast absorption. increase vaseularity. and increase the rate of

osteoblasts in bone formation (Luben. I991 ). A study conducted by Robert

Luben (1991) chronicles the hypothetical molecule mechanism that accounts for

the effects of low energy electromagnetic fields on bone cell metabolism and it

effects on hormone regulation of osteoblast function and differentiation.

Research on Electromagnetic Stimulators
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Research has shown successful results for all three stimulators. Brighton

et al. (1981) reported an 84% healing rate with mmunions using direct current.

This clinical study initiated at the University of Pennsylvania and expanded

through the United States. included 175 patients with 178 nonunions. To be

included. the patients had serial roentgenograms to diagnose their nommions.

Nonunion was defined as the absence of progressive signs of healing for over five

months. An implanted direct current stimulator with four cathodes was used for a

period oftw'elve weeks. The intensity was set at twenty microampcres of direct

current. Ofthe I78 nommions. 149 achieved solid bone healing (Brighton ct al..

1981). Along with being an invasive technique. the other negative aspects to

using direct current is the by products ofconsumption ofdissolved oxygen and an

increase in pH levels at the electrode-tissue surface (Otter et al.. 1998).

Pericles Diniz and colleagues (2002) studied how PEMF stimulation affected

osteoblasts in different stages of maturation to see ifthe number ofcells or

differentiation was changed. Using cell cultures. cell proliferation.

differentiation. and area of mineralized matrix was measured after being

stimulated. The researchers found that PEMF affected the osteoblasts in early

stages ofthe culture during cell proliferation and differentiation by increasing

bone tissue-like formation. Although the stimulatory effect during the

mineralization stage decreased bone tissue-like formation. Overall the

stimulatory effect was most associated with enhancing cellular differentiation but

not increasing the amount of cells (Diniz et al.. 2002).



In a study conductccl on delayed unions w ith incomplete healing after 16

to 32 weeks. Sharrard (1990) showed that PEMFs provided a substantial benefit

than a surgical intervention. This double blind trial of Pl-{Ml’s was performed on

patients with tibial osteotomies and resulted in doubling the number of patients at

advanced stages of healing within the first 60 days oftrcatrnent. Sharrard treated

forty-five patients with tibial shaft fractures. All were immobilized in plaster and

given electromagnetic stimulation units for twelve weeks. Twenty patients had an

active unit while twenty-five patients were fitted with dummy control units. A

radiologists assessment concluded five unions. five progress to unions. and ten

with no progress to union in the active group. In the control group there was one

union. one progress towards union. and no progress in twenty three. An

orthopedic surgeon‘s assessment showed union in nine fractures and absence in

eleven ofthe active group. The control group presented with three unions.

twenty-two without unions. These results were significantly in favor of the active

group. p=0.02 (Sharrard. 1990).

Even though effective experiments have been reported. there still remain

many questions about the science and physiology behind the bone growth

stimulators. Currently it is not known the degree that applied magnetic field or

induced electrical fields are responsible for the biological response (Punt et al..

2004). Since the stimulators range on an electrical spectrum from 1 Hz to 1 MI 12.

the most beneficial frequency is still debated. (.‘urrently the literature concludes

that electric frequencies at or lower then 120 Hz are maximally responsive to

bone remodeling activity (McLeod & Rubin. 1990).
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Performing a Systematic Review

Research that is relevant to the health care industry is scattered among a

plethora ofjournals. It is the professionals responsibility to determine which

journals are scientifically sound and choose the research from those articles to

help inform their clinical practice. It is difficult to keep well informed on many

topics particularly those issues that are controversial. The systematic review is a

technique that attempts to identify all relevant articles on a topic. Relevant

studies are categorized according by their study design and quality. Systematic

reviews focus on a single question. in this case the efficacy of bone growth

stimulators. Ifenough similar articles can be found that present quantifiable data

then a meta-analysis. the process of calculating a summary effect estimate. can be

generated.

Performing a .lleta—Analr’sis

A meta-analysis combines the results of several studies ofa related

research hypothesis. Each study is weighted according to size and sometimes trial

quality in order to generate a summary effect estimate. Its purpose extends

beyond simply combining the effect from a group of studies. Meta-analyses can

also identify important variations between studies i.e.. heterogeneity and can

explore origins ofthis variability. Not all systematic reviews will lead to a meta-

analysis. lfthere is insufficient data or studies are too dissimilar then a meta-

analysis may not be a logical choice.
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In order to create the screening process for inclusion of articles. various

published meta-analyses on bone growth stimulators were researched. The one

protocol most similar to this study was conducted by Punt. den Iloed. and Stijnen

(2004). Their study. titled Electronicrgnetic Field Stimulationfor the Treatment of

Delayed (y'nion or .’\"on-union o/Long Bones. used pulsed and non pulsed

electromagnetic fields on fractures of long bones. Many elements of this study's

protocol are derived from it.

A review titled Electric Stimulation and llryierharic ().\'_rgen Therapy in

the Treatment o/"A'onunions used electric stimulation in combination with other

therapy in order to heal delayed and non-union fractures (Karamitros. Kalentzos.

& Soucacos. 2006). Pulsed electromagnetic fields. direct current. and hyperbaric

oxygen were some of the interventions used. Since this study was a review. a

meta-analysis was not conducted and no statistics were gathered.

Researches Akai and Hayashi used articles from 1966-1999 in order to test

the effects of pulsed electromagnetic fields on bones. soft tissue. and joints

(2002). Their study was scientifically sound and masked reviewers during data

extraction. In their meta-analysis twelve out of twenty studies were reviewed on

bones and sixteen out oftwenty-nine studies were reviewed on soft tissue and

joints. Their results show positive findings when PEM F is used on tissue repair

although have no specific effect on health or bone healing.

lz'lectromagnetic lilieltlvfor the Treatment of'()stermrthritis focused on the

use of PEMF to treat osteoarthritis (Hulme et al.. 2002 ). Because (.isteoarthritis is

defined as devencration ofcartilage within a joint. this wearing down of bone
&



cells can be related to a bone fracture. Out of 102 studies only three met the

inclusion criteria for this meta-analysis. No clinically important results were

generated due to the low number of literature.

.ladad Qualin .4ssessment Tool

Numerous scales and checklists have been developed to evaluate the

quality of randomized clinical trials. The .ladad Scale. originally used to assess the

quality of articles on pain relief. has been extensively used to assess study quality

in other clinical areas. In a study published by Moja (2005) examining 965

systematic reviews. the most commonly used tool for quality assessment was the

.laclad scale. It is a scale that is recommended by the Cochrane Musculoskeletal

Group in the preparation oftheir Cochrane systematic reviews (Towheed. 2006).

The Jadad Quality Assessment is a seven question scale that measures study

design and reporting quality with a numerical score from 0-5. with zero being the

weakest and five being the strongest (.ladad. 1996). The first five items are

indications of good quality with each counting as one point towards the overall

score. These five items are I ) a randomized study. 2) reporting the method of

randomization. 3) being double-blind. 4) describing the method ofdouble-

blinding. and 5) a description of withdrawals and dropouts. The final two items

indicate poor quality. and a point is subtracted for each if its criteria are met. The

two items include inappropriate methods of randomization and double-blinding.

The .ladad checklist has relative merit because ofits ease and simplistic

approach that incorporates the most important individual components of

methodological quality like randomization. blinding. and handling of patient
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attrition. Allocation concealment is important because its absence has been

associated with an exaggeration oftreatment effects (Towheed. 2006). Because

of the emphasis of quality reporting instead of actual methodological quality of

the trial. .ladad is by no means perfect. To prove the reliability ofquality

assessment by multiple raters using the .ladad scale. Clark et al. performed a study

with two groups oftwo independent reviewers who applied the .ladad scale to 76

randomized trials ( l 999). The 76 articles were randomly allocated into four

groups and were reviewed during two different time periods. two months apart.

The kappa statistic was used to assess inter-rater agreement which ranged from

0.37- 0.39 and improved to 0.53-0.59 with the omission of one item (Clark et al..

1999). This study also proved that there were high percentages of agreement

between ratings.

Another study conducted by three surgeon raters on 2169 reports over a

ten—year period showed an inter-rater agreement of0.48 which was higher then

that ofthe Clark. H. et al. study (Bhandari et al.. 2001 ). After the omission ofthe

withdrawal and dropout items it rose to 0.51-0.83. For this meta-analysis

assessment of methodological quality will be graded using the .ladad Score. The

grade will determine whether the article will be included in the systematic review

and meta-analysis. lfany article falls below a score ofthree on the .ladad scale. it

will be immediately dropped from the review.

(J'ochrane Quality Assessment

The Cochrane Quality Assessment has a similar goal with the Jadad scale

by testing study quality. This is the standard assessment to all Cochrane reviews.
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Because ofthe length and nature ofthis assessment. the scores derived from it

will not be used to exclude any articles. The scores will be compared between

studies after the analysis is run. There are several ways to rate ’alidity. One is to

rate individual criteria as 'met'. 'unmet'. or 'unclear' and to use individual criteria

like adequacy of allocation concealment in a sensitivity analyses. These criteria

serve to summarize an overall assessment of how valid the results ofeach study

are. Scales with multiple items and complex scoring systems take more time to

complete than simple approaches and have not been shown to provide more

Ugens & (ireen. 2005). They may carry a|—~

b

reliable assessments of validity (Hi

greater risk ofconfusing the quality of reporting with the validity ofthe study.

These assessments are more likely to include criteria that do not directly measure

internal validity. and are less likely to confuse reviewers. For these reasons. it is

preferable to use simple approaches for assessing validity that can be fully

reported.

A study conducted by Lorenzo lvloja and associates assessed the

methodological quality of systematic reviews (2005). In this study 965 different

systematic reviews were assessed for the methodological quality. Each review

data was extracted about the quality assessment of trials included in the

systematic reviews. Information extracted included title. authors. type of

intervention. and methods for quality assessment. These methods included scales.

checklists. components studied. or composite scores. and how they planned to use

the quality assessment. either as exclusion criteria or for sensitivity analysis. Of

the 965 reviews. quality assessment was carried otrt in 88.5% of reviews. more



often in Cochrane reviews (Moja et al.. 2001 ). This study proves that Cochrane

reviews were more likely to include a quality assessment making their protocol of

higher quality and their reviews less bias.

Radiographic [Evidence

This meta-analysis requires that both the diagnosis and outcome (i.e..

healing) be based on radiological evidence determined by a clinician or

radiologist. This includes images from x-rays. CT scans. or MRI. This process

was chosen because some studies use multiple different criteria and because it

reduces clinician bias. For example a study reviewing the diagnosis of scaphoid

fractures conclude that x-rays. computed tomography. radioisotope bone

scanning. or magnetic resonance imaging along with clinical evidence from the

physical examination improved the detection of fractures (Schubert. 2000).

Biologically. between four and eight weeks new bone begins to bridge the

fracture and can be seen on x-rays as a hard callus. This will be viewed during

the outcome assessment of all studies.

Review .r'l'latiager stint/vvis' Program

There are several meta-analysis programs on the market. RevMan is the

Cochrane Collaborations program for preparing and maintaining Cochrane

reviews. This study will use the version RevMan 4.2.10. RevMan not only

formats a protocol for the review. but it also keeps track of all references.

including ongoing studies. excluded studies. and included studies. It can perform

a meta—analysis ofall the data entered presenting the results visually in tables and

various graphs. It is the current template used by researchers looking to publish a



Cochrane review (ReleIan 2003).



Chapter 3

METHODS

A protocol was devised for the meta-analysis before retrieval of articles in

order to establish inclusion criteria used in the search. A medical research

specialist was consulted about search terms. The MEDLINE and CENTRAL

databases were used to run the search terms. All articles received from both

databases were numbered corresjmnding to a main hit book. The hit book is a

formatted excel worksheet that contains each articles relevancy screening form

outcome. Each article's title and abstract were then read and screened with the

relevancy screening form by two reviewers. The relevancy screening form is a

shorter version ofthe data extraction form that contains the minimum standard

criteria that studies must have in order to be considered for the meta-analysis i.e.

uses bone growth stimulators. has a control group. is a delayed or non-union

fracture. and uses a healthy population.

After being assessed by the relevancy screening form. each reviewer input

the corresponding article's outcome i.e. yes. no. unsure. into their individual hit

book which was later transferred into the main hit book for comparison. This

allowed the articles to be independently screened by two reviewers. All articles

that received both yes or one unsure and one yes were then put through the data

extraction screening form. If an article received two unsure ratings or one unsure

and a no. a third independent review was consulted. Only one article was

disputed and the third independent reviewerapproved this study for inclusion. If

an article received two no's. then it was excluded from the meta-analysis.
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The articles that were approved for inclusion were then retrieved in their entirety

and evaluated by the data extraction form. The data extraction form is a longer

form that lists all criteria the study must posses to be included in the meta-

analysis. It is set up into three sections: 1) Inclusion Criteria. 2) Quality

Assessment. and 3) Data l‘ixtraction. Once a study made it through inclusion

criteria. it was then subjected to two different quality assessments. The scores

from the .ladad Quality Assessment determined whether the study was continued

to data extraction. Any study that received a score less then three was excluded

from the meta-analysis. The Cochrane Quality Assessment score was used in a

subgroup analysis and had no affect over determination of inclusion. lfa study

made it through all these check points. then its data was extracted and inputted

into the RevMan statistical analysis program.

Search ill/ethods

A healthcare research librarian was consulted and the following search

strategy was conducted in MEDLINE (Pubmed) and CENTRAL databases. The

search was first limited to randomized controlled trials. articles published in

English. human subjects. and abstracts accessible online. All articles retrieved

were processed through the search strategy previously stated.

1) electric stimulation therapy OR electromagnetic fields OR

electromagnetics OR magneties

3) electric capacitive coupling

3) pulsed magnetic fieldi‘

4) (pulsed electromagnetic fieldi‘) OR pcmfltw|

5) interferential current‘l‘



6) electri’i stimula‘tionltw]

7) #1 OR #2 OR #3 OR #4 OR #5 OR #6

8) fractures. ununitcd[mesh]

9) pseudoarthrosi‘

10) fracture healingj mesh]

11) #8 OR #9 OR #10

l 2) fracture“< [tw]

l3) "fractures. bonel'mesh]

14) non—union[tw] OR delayed unionjtvv] OR un-united[tw]

15) (#I2OR#13)AND#I4

16) (#llOR#15)AND#7

17) #16 LIMITS: English. Human. Clinical Trials. Randomized Clinical Trials

Screening Process

Two reviewers independently screened and selected the studies included

in the review. The use oftwo reviewers decreases study selection bias and sets up

a confirmation system for data abstraction. A third independent reviewer was

consulted on one article to adjudicate a disagreement regarding inclusion criteria.

Only English language articles were used. All relevant articles found in the

databases were retrieved.

Eligibility Criteria

Eligibility criterion is the bare minimum standards a study"s abstract and

title must meet in order to pass through the relevancy screening form. The four

criteria that are addressed on the form include meeting the designated definition
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ofa delayed or non-union fracture. having an intervention and a control group.

using a healthy population. and being a randomized or controlled clinical trial.

The relevancy screening form can be viewed in Appendix B titled Alida-Analysis

forms.

Definition ofDelayed umi Nun-I 'ninn Fractures

Delayed union fractures w as defined as no radiographic evidence of

healing at the site after three or more months. while nonunion fractures was

defined as failure to heal or evidence that the healing process has stopped after six

months (Bruser & Gilbert. 1999).

Tim's (if '( '(mtru/

Studies had to use a bone growth stimulator in comparison to a sham

control or placebo control in order to compare the effects ofthe healing process.

Studies that use active control modalities such as ultrasound. or surgery like bone

grafts exclusively in comparison were not eligible. A sham control is an

electromagnetic stimulator that is aesthetically similar to the devices used in the

study. although it does not work. This device is set up to conceal from the subject

and researchers which units actually work therefore leaving data unaffected by

observer bias. The placebo control is another control group where subjects with

similar injuries were left untreated to be used as comparisons to the intervention

group. Although historically these studies have been conducted. due to the

movement of human and animal rights in research. the likelihood of finding

recent research with this method is low. A subgroup analysis was attempted with

studies that compared bone growth stimulators to other interventions although not



enough studies were retrieved.

llealt/rt’ Population

Eligible studies had to have a healthy population with a medical diagnosis

of a delayed union or nonunion fracture. Patients w ho had previous treatment

such as bone graphs. other surgeries. or comorbidities like infection at the

fractures site were eligible. Studies were not eligible ifsubjects had any ofthe

following diseases: bone cancer. lnsulin Receptor Substrate-1 Deficiency. aplastic

anemia. osteoporosis. If the study failed to mention specifics about the

population. the subjects were assumed as being healthy.

Ranclomixd ana’ ( 'on/rol/ecl ( 'linic'al Trials

All eligible studies had to be performed as randomized controlled trials or

controlled clinical trials. Randomized controlled trials were defined as a clinical

trial that includes at least one test and one control treatment where the treatments

administered are allocated by a random process like a random numbers table.

computer generated allocation. or by sealed envelopes. Controlled clinical trials

(CCT) were defined as any study that allocates groups according to coin flips.

odd-even numbers. patient social security numbers. days ofthe week. medical

record numbers. or other such pseudo- or quasi-random processes ( Higgens &

Green. 2005). The reason for the distinction between the two types of studies is

because CCT are deemed to have less scientific value because of limited

allocation concealment. This introduces bias that randomized controlled trials do

not have. The subgroup analysis looks at the affect that allocatitm concealment

has on the combined statistical data and the results ofthe individual studies.
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Types of. Fractures

All bone sites yielding a delayed union or nonunion fracture was used.

Any type of bone fracture that resulted from acute or chronic injury was included.

including stress fractures as long as they adhered to the preset definition of

delayed and non-union fractures.

Radiographic Outcome and Diagnosis

Fracture diagnosis using radiographic evidence was required. The

diagnosing clinician did not have to be blinded. but this criterion was recorded for

further analysis between studies. The primary outcome measure also had to have

radiographic evidence of a callus to declare healing ofthe fracture. Radiographic

evidence was defined as x-ray. computed tomography. and magnetic resonance

imaging.

lives ofintervention

Trials of all types of pulsed electromagnetic fields and electromagnetic

stimulators. invasive or min-invasive. were included. The latter relies on direct

application of an electrical field rather than induced current. Included bone

growth stimulator generating units were implantable or external (Aaron et al...

2004). The definition of bone growth stimulator for this study stemmed from the

FDA classification of interventions and reads. "A bone growth stimulator

provides stimulation through electric and/or magnetic fields to promote

osteogenesis to facilitate the healing of non—union fractures and lumbar spinal

fusions. The stimulation may be delivered through capacitive coupling with
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electrodes placed directly over the treatment site. or through pulsed

electromagnetic fields." (FDA. 2006). Direct current bone growth stimulators

were also included and was defined as direct electrical current applied by

surgicalIy-implanted electrodes with the cathode placed at the site of bone repair

and the anode placed nearby on soft tissue.

Quality Assessment Procedures

We assessed the methodological quality using the .ladad score and by

following guidelines from the Cochrane collalmration. Studies with a .Iadad score

of less then 3 were excluded. The Cochrane Quality Assessment scores were used

in a subgroup analysis between studies. Both quality assessments can be viewed

in Appendix A.

Data Extraction

Each reviewer independently read and reviewed the articles and completed

the data extraction form. Ifthe studies made it through both quality assessments.

results were abstracted onto a data extraction form. Appendix B. The data was

then entered into RevMan for analysis. Ifenough information were gathered. then

subgroup analyses would have been performed. These subgroup analyses would

have compared the differences between randomized controlled trials and

controlled clinical trials. how blinding assessors affected results. and whether

methodological quality affected the outcome. Because there was not enough

information. sensitivity analyses were conducted instead.

The first three pages ofthe form detail the inclusion and exclusion criteria

for the meta-analysis. Ifthe article fulfilled all inclusion categories. then the



reviewer continued onto the fourth through sixth pages for quality assessment. If

the study met the minimum score. data was extracted. The data extraction page

involved the reviewer to record study specific information and results calculated

from the research. This includes the number of participants. mean. and standard

deviation for continuous data and dichotomous data containing total number of

participants and number healed.

livclusion Criteria

Any study that was not preformed using a randomized or quasi-

randomized process. i.e. CCT. was excluded. Studies that used movement at the

fracture site. a pain scale. measurements of mobility. functionality scale. or any

other form ofclinical diagnosis as their only outcome measure was not used. Any

study that did not adhere to the definitions of delayed and nonunion fractures set

by this meta-analysis was excluded. Studies that included subjects having

diseases that may impede in the bone regeneration process such as bone cancer.

Insulin Receptor Substrate—l Deficiency. or aplastic anemia. was excluded.

Fractures caused by medical conditions that weaken the bones. such as

osteoporosis was also excluded. Studies that compared a bone growth stimulator

to another modality. such as ultrasound. hormones. or surgery were not used.

Statistical .l/et/ioa’s of "Data .‘1 Hall's-is

The statistical analysis was performed using the computer program

RevMan version 4.2.10 (RevMan. 2003 ). The primary analysis was calculated

using a random effect risk ratio with a 959/?) confidence level using the

DerSimonian and Laird method. This method was chosen because ofthe lack of



data. low event rates. and small trial size. It uses a different weighting scheme

dependent on the risk ratio and has better statistical properties when there are few

events. A secondary analysis was conducted using a fixed effect risk ratio with

the Mantel- I-Iaenszel method. Four sensitivity analyses were conducted. omitting

one article at a time. to see the affects it had on the overall analysis. Forest plots

showing the confidence interval and the effect estimates for each study were

generated. Each block represents a study at the point estimate oftreatment effect.

The horizontal line depicts the confidence interval while the area ofthe block

indicates the weight assigned to the study in the meta-analysis (Higgens & Green.

2005). The confidence interval totals are represented by a diamond shape.

Assessment of l-leterogei re llt'

Heterogeneity. or between study variability is described as any kind of

variability between studies in a systematic review (Higgens & Green. 2005).

Statistical heterogeneity is defined as variability in the treatment effects being

evaluated in the different trials. Heterogeneity was addressed in this meta-analysis

by using randomized and controlled clinical trials. using strict preset criteria. and

adherence to the definition of delayed union. non-union. and outcome

measurement. RevMan tested heterogeneity using a standard chi squared test and

I2 test. Ifthe value from the I2 test was > 50%. this signifies that substantial

heterogeneity existed.

Since only published studies were used in this meta-analysis. publication

bias is possible. Published studies generally do not represent all ofthe studies

being performed because articles with significant or positive findings are more



likely to be published (Glasziou et al.. 2001). Language bias is also a possibility

since only articles published or translated in English was used. Negative studies

were less likely to be found since it is known that studies without significant

results are more likely to be published in non-linglish languagejournals (I liggens

& Green. 2005 ).
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CHAPTER 4

RESULTS

The primary purpose of this study was to determine the efficacy of

electromagnetic bone growth stimulators on delayed and nonunion fractures. For

clarity. the results section will be organized into two sections. The first section

will provide a detailed review ofthe four included studies with article

demographics and individual study methods. The second section will present the

results ofthe meta-analysis.

Selection oflncluded Studies

Ofthe four hundred and twenty two studies that were retrieved from

MEDLINE and CENTRAL. only twenty-four remained after two reviewers

completed the initial relevancy screening that involved examination ofthe title

and abstract. The complete article for each ofthe 24 studies were then review ed

in full by the two reviewers using strict inclusion criteria contained in the data

extraction form. 'I'wenty articles were excluded. The reasons for exclusion are

summarized in Table 3. There were many articles excluded for lacking multiple

criteria. The majority of articles. 2694). did not use radiographs for diagnosis or

outcome. Twenty three percent ofstudies did not have a control group. Other

reasons for exclusion were trials not randomized 22%. alternate definition of

non-union 18%. other interventit‘ms used %. and use of at risk subjects 3%. The

Final Relevancy Screening Form of’l'able 2 details the results from the data

extraction form. The two reviewers disagreed on one article. which was

examined by a third reviewer and was found to meet inclusion criteria. liour
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studies therefore met all inclusion criteria and data was extracted for the meta-

analysis. This criteria consisted of randomization. definition of injury. healthy

population. radiographic diagnosis and outcome. and a control group. These

studies include Pulsed Magnetic Field 'l’berapj'for Tibial .\"on-union (Barker.

Dixon. Sharrard. & Sutcliffe. 198—1). .4 Double-Blind Trial ofl’ulsed

Electromagnetic Fieldsfor Delayed Union of Tibial Fractures (Sharrard. 1990). .1

Prospect Double-Bliml Trial ofE/ectrica/ Capacitive Coupling in the Treatment

of.*\i'on—L'nion o/long Bones (Scott & King. 1994). and Electrical Treatment of

Tibial .Von- Union: A Prospective. Randomised. Double-blind Trial (Simonis.

Parnell. Ray. & Peacock. 2003).

Detailed Review: Article Demographics

The four studies included a total of one hundred and sixteen subjects. In

Barker's study. published in 1984. sixteen subjects were used with an age range

from 19-72 years with a mean age of34.4. All subjects were healthy and with

fractures that had not healed for at least a year making them non-unions. Nine

subjects were randomly allocated to an active stimulator while seven others

received a sham unit. The mean age ofthe intervention group was 38 years while

the mean age ofthe control group was 29.9 years.

In the study by Sharrard. forty-five patients were included in the trial.

twenty were randomly assigned to active units while twenty-five were randomly

assigned to receive sham controlled units. Only fractures at the site of the tibia

were included in this study. The age range of the study was 18-84 years: the

mean age of the active group was 34.7 years and for the control group it was 45.4.
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Scott and King's study contained twenty-one subjects. ten allocated to the active

group and eleven to the control group. The age of the subjects ranged from 23-87

years. The average age of the active group was 39.6 years compared to 45.8 years

for the control group. In the Simonis study which included thirty-four tibial

fractures. the age range ofsubjects was 16-61 years with the mean age of32 years

(2003'). Eighteen subjects were randomly allocated to the active group while

sixteen were given dummy units for the control group.

Every article was evaluated with two different quality assessment

measures. the .Iadad Scale and Cochrane Quality Assessment (Appendix A).

Table 4 compares each studies scores against their meta-analysis weighting. The

.ladad Quality Assessment is a simple five question scale that measures study

design and reporting quality with a numerical score from 0-5. with zero being the

weakest and live being the strongest (.Iadad. 1996). No study was excluded

because of their .ladad Quality Assessment score. Simonis study was the only one

with a perfect score of5. Both Barker and Scott received ratings of4.5 with

Sharrard trailing with a score of four. All these scores indicate that the four

studies were high quality. however these .Iadad ratings differed vastly from the

Cochrane Quality Assessment scores. The Cochrane Quality Assessment is

similar to the .Iadad scale but is a longer form using twelve questions. Answers

are given a numeric value based on its scientific strength with the highest possible

score being 24 (2 points per question). Scotts study received the top score of22.4.

Barker's study followed with a score of21.1. Simonis study received the lowest

rating. 18.3.



Detailed Review: Individual Study Met/rods

The Barker study included only tibial non-unions (Barker et. al. 1984).

The electromagnetic bone growth stimulators used were developed by Bassett and

used coils that fit around the cast ofeach patient. The active machines produced a

1.5 mT peak. 5 ms burst waveform and repeated at 15 Hz. The dummy machine

for the control group differed from the active one by an internal connection which

diverted their output to an internal load thus ensuring that no electromagnetic

stimulation occurred. Both machines housed a concealed clock to check the

compliance of each patient with the treatment protocol. Other clinical protocols

included immobilization with a full leg plaster cast. non-weight bearing activity.

and clinical examinations every 12 weeks. All staff remained unaware of which

type of machines patients were allocated to for the full 24 week duration ofthe

study.

In the study conducted by Sharrard all subjects were diagnosed with a

delayed union of the tibial shaft. The 45 cases were enrolled from sixteen study

centers using strict admission criteria. Similar to the previous study. all subjects

0TGCS.
C?

were fitted with a full-leg plaster cast with their knee flexed at 20-30 de

They were given either an active or sham stimulator which were indistinguishable

in appearance thus blinding was maintained for both the patient and the doctor.

The unit consisted ofcopper wire coils positioned on the cast adjacent to the

fractures site in a Ilelmholtz configuration. The signal used for the pulsed

electromagnetic stimulation was a quasi—rectangular form set at 15 Hz bursts of20

individual pulses. The patient was instructed to bear no weight on the extremity
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and to use the unit for 12 hours per day for a period of 12 weeks.

Thirty-four patients with tibial non-unions w ere allocated into two

treatment groups during Simonis study . All patients received a unilateral

external fixator with compression. The patients in the active group received a

pulsed electrical current from two large external coils placed over the fractures

site. The coils wer ‘ attached by telescopic rods so they would be in direct contact

with the skin over the non-union site and were positioned with a crepe bandage.

The pulse had a 3 ms duration in intervals of40 ms with a peak current of6 A at

150 V passing through the active coils. The electrical device used in the dummy

group was similar in appearance and was also applied around the fracture site.

However. this device only passed a current into a small secondary coil which was

not in contact with the leg. No current was passed through the two larger coils

around the fractures site. All study personal were blinded to the assignment status

of each case until the conclusion ofthe trial. The patients were instructed to use

the devices fourteen hours per day for six months. liach device was outfitted with

a hidden timer to check patient compliance.

In the study performed by Scott patients were randomly assigned to

receive either an unmodified Orthopak bone-growth stimulator or a modified

device which gave no electrical output for the placebo group. livery patient was

managed with a plaster cast or brace with openings for the electrical stimulator to

be placed on the skin surface. The active units delivered a five to ten volt peak

sine wave at 60 kHz. All units were indistinguishable and were monitored by

clinicians during the patient’s visits with the dummy units giving the same signals
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as the active units upon daily check ofthe battery. Blinding for both patients and

physicians was maintained until the conclusion ofthe study. Since most of the

patients had previously been encouraged by their doctors to bear weight on the

extremity before entering the study. the protocol continued to allow weight

bearing while using the bone growth stimulator. Clinical evaluations were

performed every three months.

All four studies were labeled as randomized clinical trials. but only one

study (Simonis) described specifically how the randomization occurred i.e.

electromagnetic units were assigned from a randomized predetermined list. The

study did not describe how the list was generated. e.g. computer generated.

however. the study did describe the allocation concealment process which was

clone by an independent member ofthe hospital not involved with the study who

was responsible for randomly assigning the machines and kept the randomization

scheme secure until completion ofthe trial (Simonis. Parnell. Ray. & Peacock.

2003). The only other article that described details ofthe randomization scheme

was Barker who described randomizing units by a stratified randomization

procedure. The article did not define the specific factors used in the stratification

however (Barker. Dixon. Sharrard. & Sutcliffe. 1984).

Every study stated that it maintained a blinded assessment of outcomes.

Two studies. Sharrard and Barker. used separate doctors not involved with the

study or managing patients to read the radiographs and determine outcomes. The

other two studies. Scott and Simonis. used the same staff involved in treatment

and follow up to assess outcomes in the subjects but both articles stated the staff



were blinded to treatment assignment (i.e. the codes were not broken until the end

ofthe study). Between articles there were also differences in the research

methods employed that divided the studies into the two groups. The Scott and

Simonis studies whose own researchers judged the radiographs had comparatively

more healing in the control subjects 14/23 (60.8%) compared to 136 (30/6) in the

other two studies that employed independent clinicians. These results could be

from the lack oftruly independent assessors. but are more likely from the

different criteria for defining healing.

Treatment protocols and duration oftherapy varied over the four studies.

In the study conducted by Simonis. subjects were treated for a maximum ofsix

months (Simonis. Parnell. Ray. & Peacock. 2003). At monthly evaluations

radiographs were taken. If union had occurred. stimulation was stopped and the

patient was graduated to weight bearing with an orthoplast gaiter. With Scotts

study any patient whose non-union healed within six months was withdrawn from

treatment and was monitored until the end of the period. lfa non-union was still

healing at the six month mark. the treatment was continued up to nine months

(Scott & King. 1994). The maximum duration oftreatment for Barkers study was

one year (Barker. Dixon. Sharrard. & Sutcliffe. 1984). For the first six months

the patients were casted and used the bone growth stimulator. Evaluations were

made every six weeks. The patients were kept casted and stimulation continued

for the six months even if union occurred in prior weeks. Sharrard patients

received treatment for three months (Sharrard. 1990). No evaluations were made

until the end ofthe three month period. The patients had the ability to opt out the



trial and would not be included in the study.

Even though inclusion criteria consisted of radiographic diagnosis and

outcome. each articles definition of healing differed slightly. Sharrard and Scott

used clinical assessments along with the radiograph to define union. These

assessments included measuring mobility ofthe fracture with a goniomcter. a

visual analogue pain scale. and rating ofdischarge ifan infection was present. A

non-union was defined as healing lfthere was less pain. less motion at the site of

fracture. and a definite increase ofcallus and trabeeular bridging radiographically

in comparison to findings at the previous visit. Barker's study also used clinical

examinations along with stress radiographs to define union. If both observers

where unable to detect movement on imaging when the tibia was stressed. then

the fracture was defined as clinically united. Simonis based their definition of

healing strictly on three radiological signs. loss ofdistinction at the fracture gap.

cortical bridging. and trabeeular bridging. No clinical assessments were taken.

These differences could contribute to between study variability. By choosing the

criteria of radiograph diagnosis inter-clinician differences was introduced. There

is a possibility ofdetection bias with the variability ofclinicians and their

diagnostic experience reading the radiograph and evaluating clinical signs of

fracture healing.

Meta-analysis Results

All results were input as dichotomous data (i.e.. intervention (intervention

vs. control) and healed (yes vs. no)). Table 5 is a summary ofthe meta-analysis

results using a random effect and fixed effect model. It also includes the results
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ofthe sensitivity analyses w here each individual study was removed and the

results re-calculated. Each sensitivity analysis was calculated using the random

effect model.

The primary finding ofthe meta-analysis was a summary random effect

risk ratio of2.62. with a 95% confidence interval of 0.78 to 8.78. The 7. statistic

test ofthe overall effect and was 1.57 (P=0. l 2). Figure 1 displays the forest plot

ofthe meta-analysis based on the random effects model. It shows the percentage

weight assigned to each study in the analysis and includes their individual risk

ratios and confidence intervals.

There was significant heterogeneity between the results ofthe four studies.

The test of homogeneity was highly significant (Chi3=21.9l. 3 d.f.. p < 0.0001 )

and the I2 statistic showed substantial between study variability (86.3‘.’/b). Out of

the four studies. only Barker‘s favored the control over treatment (RR=0.91). The

other three studies all favored the intervention group but the RR estimates varied

substantially from 1.78 to 14.18.(fig l)

A secondary analysis using the fixed effect method is shown in figure 2.

The summary fixed effect risk ratio was calculated at 2.36. 95% Cl 1.57 to 3.53

with a Z score of4.16 (P<’.0.0001 ). The fixed effect analysis results in substantial

changes in the weights given to the individual studies when compared to the

random effect model. This is expected as the weights calculated in the fixed

effect method include only with-in study variability and are based only on the

sample sizes ofthe individual studies. whereas the random effect model includes

an additional term for the between study variability Despite the overall
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statistically significant summary RR with the fixed effect analysis there was again

significant between study heterogeneity. The test of homogeneity was Chi2 :2 l .9.

3 d.f.. p<10.00()l ). and the I2 statistic again showed substantial betw een study

variability (86.3%).

Subgroup .~1nalt*ses

Initially it was planned to run three separate subgroup analyses addressing

the differences between randomized and controlled clinical trials. the blinding of

outcome assessors. and metht‘idological quality. Since only four studies ended up

being included in the analysis. there was not sufficient information to run these

subgroup analyses.

Sensitivity .4 nalt'ses

In order to examine how much the overall meta-analysis results were

influenced by each individual study we undertook a sensitivity analysis in which

each study was dropped and the analysis was repeated. The first sensitivity

analysis dropped Barker‘s study leaving 100 study subjects from the other three

studies. This study was given a 34.6 % weight in the original analysis and had a

risk ratio of 0.91. After removing this study the risk ratio increased to 5.48 with a

non-significant 95% CI 0.72 to 41.48 (Z score=l .65. P=O.lO). The tests for

heterogeneity (Chi228.55 2 d.f.. P=0.01) and 13:76.69?) again revealed significant

heterogeneity. After dropping Barker‘s study this sensitivity analysis has the

highest risk ratio which suggests a much higher healing rate with bone growth

stimulators. However the presence of heterogeneity means that this summary

estimate should be interpreted with caution.
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The second sensitivity analysis dropped Sharrard's study. In the original

meta-analysis this study heavily favored the bone growth stimulator. Individually

this study had a 12.50 risk ratio and was weighted 18.53% ofthe overall rneta-

analysis. After removing this study the sensitivity analysis had 77 subjects. The

risk ratio decreased to 1.62 with a 959;. CI 0.06 to 4.33 (Z score: 0.96. P: 0.34).

Heterogeneity was calculated as ((‘lti3:1().37. 2 d.f.. P=0.006.) and 13:80.70/6.

This analysis had the lowest risk ratio ofthe four but also a smallest confidence

interval making the RR value more precise. We can conclude that there is little

effect of healing from bone growth stimulators. Although this analysis shows

moderate heterogeneity.

In the meta-analysis Scott's study favored the bone growth stimulator with

a risk ratio of 14.18 and was weighted 12.58%. Once removed the sensitivity

analysis had 95 participants. the risk ratio decreased to 1.94 with a 95% Cl 0.63 to

5.92 (Z=1.l6. P=0.25). Heterogeneity was calculated (Cliff—14.83. 2 d.f..

P:0.00()6). and 13:86.596. This analysis shows little benefit of healing from bone

growth stimulators.

The last sensitivity analysis dropped Simonis study. The study

contributed 34.23% weight to the meta-analysis with a risk ratio of 1.78. This

sensitivity analysis had 82 participants and the calculated risk ratio increased to

4.99 with a Cl 0.13 to 190.28 (7:086. P=0.39). Ileterogeneity was calculated

(Chi2=28.45. 2 d.f.. P<0.00001) and 13:93.0‘16. This analysis had the second

largest risk ratio suggesting a healing effect from the bone growth stimulator but

it also had an exceedingly wide confidence interval and highest heterogeneity
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nullifying the conclusion.
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CHAPTER 5

DISCUSSION

.S'tatistical Findings

Since the meta-analysis included only four studies. I chose to vary the

statistics in order to gain more insight into the effect of bone growth stimulators.

Both the fixed effect and random effect methods are presented because one

proved statistically significant while the other did not. The meta-analysis uses the

random effects risk ratio for its primary findings because this method is more

conservative with wider confidence intervals. The random effects meta-analysis

showed a non-significant risk ratio of2.62 (95% CI: 0.78-8.78 p=0.12). The

random effects method assumes that each study is a sample from a larger

population of studies. and takes into account between-study variability. The study

specific weights are more evenly balanced in a random effects model compared to

the fixed effects model.

Although this meta-analysis was not statistically significant. the summary

point estimate did find that fracture healing was 2.62 times more likely with a

bone growth stimulator than without. Limitations of the study include small

number of studies each with a sample size and significant heterogeneity. Because

of these limitations the summary findings need to be interpreted with extreme

caution.

There are many reasons why significant heterogeneity was present in the

meta-analysis. This can be attributed to the various methodology across studies.

First. the varying protocols used in the different studies may have contributed to



study-to-study variability. We cannot be certain whether the unit itselfor the

additional protocols (termed cointervcntions) facilitated healing ofthe fractures.

For instance in the Simonis study. their patients were advised to be strictly non-

weight bearing while the Barker and Sharrard studies immobilized patients by

placing them in a long leg plaster cast. This differed in the Scott study where they

allowed weight bearing: they reported. "Similarly. even when we considered that

a period of non-weight bearing was advisable at the beginning ofcapacitive

coupling. thisjudgrnent was not enforced. Most ofthe patients had previously

been encouraged to bear weight on the extremity. and we thought it inappropriate

to change this behavior because ofthe risk of introducing an additional variable."

(Scott & King. 1994).

Other variations in study methods include different lengths of follow-up.

For example. Sharrard followed his subjects for only three months while the

duration other studies lasted for nine months up to a year. Every study used a

different bone growth stimulator unit with varying duration and dosage. Simonis

was the only study to assess bone growth stimulators on other long bones besides

the tibia.

In his discussion. Sharrard mentions the wide spectrum of bone and soft

tissue injury that may occur. The different injuries sustained by individual

subjects can vary between simple and severely displaced fractures where simple

fractures do not need supplemental aid to achieve union. Sharrard also

commented that his two treatment groups differed significantly in age

distribution. When looking at the statistics. Simonis and Barkers studies have
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more frequent healing rates in the control group. Simonis treatment groups had

an imbalance of prior operations with the control group having I 1 operations prior

to the study. Barker contributed the high healing rate in their control group to the

fact that the additional protocol resulted in long term immobilization and non-

weight bearing. I-Ie comments that because ofthe amount oftime the control

group was required to use the unit. it further reduced the amount of Iirnited

activity on the affected limb which then promoted healing.

There were important differences in baseline healing rates between

studies. In the Sharrard and Scott studies only a minority ofthe control group

healed i.e. 4% and 0% respectively. In comparison in the Simonis study where

half healed and 85% of Barker‘s control group. This can be explained by Barker

having the longest duration of treatment of one year compared to Sharrard and

Scott with three and nine months. When reducing Barker's duration of treatment.

at three months the study had only a 28% healing rate.

It is also interesting comparing publication between the four articles.

Two studies. Sharrard‘s and Scotts. were published from The .Iournal of Bone and

.Ioint Surgery. Barkers was published in Lancet and the Simonis study was in

Injury. This is relevant because this could signify publication bias where journals

only publish studies with significant findings. Both Sharrard and Scott‘s studies

guest a beneficial effect of
98—

were published in the same journal with results that su

bone growth stimulators.

Comparison o/Random Effect and Fixed Effects ili‘l()l/i()(/S

The random effect and fixed effect model analyses generate different
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results primarily because of the differently ways the two methods calculate study

variance. Both meta-analyses use the sanre studies although their contributing

weights are significantly different which results in dissimilar risk ratios. 7. scores.

and P values. The primary difference between the two is the inclusion of between

study variance in the random effect model.

In RevMan the calculated study weights are dependent on both the sample

size and the event rate. Because estimations are more precise when there are

more events. trials with high event rates get weighted more. This explains why

the Barker study. that has the least amount of participants but the largest healing

rates (i.e. events) was given heavy weighting. At the other extreme. a trial with

little or no even rates gets little or no weight. This is illustrated by the Scott study

which is given the least weight in both meta-analyses because ofthe controlgroup

having no events.

The weighted averages differ between statistical methods because of how

the mathematical models interpret standard error. confidence intervals. and

variance. The Mantel-Hacnsxel method operates by giving studies with less

variance. or standard error. more weight while assuming that every study is

evaluating a common treatment affect. The DerSirmonian and Laird or random

effects method does not assume that only one treatment effect exists. i.e. bone

growth stimulator. This method factors in other variables and estimates the mean

and standard deviation ofdifferent effects when giving the risk ratio.

The fixed effect method seen in Figure 2 estimates study specific weight

only on the basis ofthe size ofeach study i.e. within study variability. The fixed



effect analysis weighted the four studies very differently from the random effects

model for example it significantly reduced the weight ofthe Sharrard and Scott

study from 3 l .l l 0o to 8.24%.

Importance oflr’elrt'ccn Sim/y Helerogcneilj‘

Despite the debate as to whether the results are statistically significant or

not. both meta-analyses show considerable heterogeneity. liven though the meta-

analysis was set up with strict criterion for scientifically sound results. there were

still major differences between studies that we could not control for. These

differences included patient selection factors. design of bone growth stimulator

units. dosage and duration oftreatment. differences in the definition of healing.

use of adjunct protocols with the units. patient compliance. and time between

follow up appointments. All of which could have contributed to the differences in

outcome between studies.

Most ofthe four articles did not address the problem of patient compliance

with the bone growth stimulator unit. Because the intervention is marketed as a

portable unit and results are dependent on patient use over a prolonged period of

time. results can be affected from inadequate instructions or non-compliance.

Two studies used a concealed clock that recorded the activity ofthe stimulator

(Barker. Dixon. Sharrard. & Sutcliffe. 1984. Simonis. Parnell. Ray. & Peacock.

2003). One patient from the control group of Barkers study was non-compliant

with treatment protocol and dropped from the study. All subjects from Simonis

adhered to protocol. In Scotts study the devices issued a readout that showed the

number of days of usage to assess compliance. Although the unit could not record
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the duration ofeach use. One patient from each group were excluded due to

failure to comply with the use ofdevice. The units in Sharrard's study could not

monitor patient compliance although it was found that one patient tampered with

his device and broke the code dropping him from the study.

Another source of between study variability was the fact that one study

included different fracture sites. Barkers. Simonis. and Sharrard‘s articles

designated tibial fractures as inclusion criteria while Scott's study researched the

effect on other long bones (Scott & King. 1994). Nineteen percent of fractures in

Scotts study were on the femur while 9% were ulnar fractures. The majority of

fractures. 71% occurred over various sites on the tibia. This introduces

heterogeneity because some bones are innervated with a bigger blood supply then

others. thus allowing more chance to heal.

:I/e/u-urmfiA’s/Iv I [cl/rods

The main purpose of this study was to evaluate the efficacy of bone

growth stimulators on delayed and nonunion fractures using randomized

controlled trial design. This research question proved to be a difficult one to

evaluate because of the small number of highly variable studies published on the

subject. Out of the twenty-four articles that made it through the initial screening.

only four met final inclusion criteria which included RCT or CCT. definition of

injury. healthy population. radiographic diagnosis of injury. comparison against a

bone growth stimulator. and a control group . The majority of studies were

excluded because there was no radiographic outcome or diagnosis and many

studies did not have a control group. Even when we adjusted the inclusion

'
J
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criteria to include only randomized studies with a control group we found only an

additional 5 studies. After reviewing the articles there was not a significant

amount to run another separate meta-analyses.

A subgroup analyses was planned to compare the bone growth stimulator

to alternate modalities like surgery or ultrasound. Only five out ofthe twenty four

articles addressed this issue and so there were not enough to warrant a subgrorlp

analysis. In hindsight only two arm trial studies with a control group were

included. Many studies were excluded because they did not include a control

group ofsubjects whose fractures would receive no interventions to heal.

Limitations oflnc/usion ( 'ri/cria

Only four out of the twenty-four studies passed the data extraction form.

The main reason why most studies did not make it to data extraction is because

they did not have a diagnosis or outcome radiograph identifying healed fractures.

Seventeen out ofthe twenty articles did not specify how the diagnosis was made

or used clinical tests to prove healing. lfven ifthis criterion was eliminated.

twelve out of these seventeen studies had no control group or randomization. two

important criteria that cannot be omitted. These articles got past the initial

relevancy screening with abstracts that stated they were randomized controlled

trials. but after retrieving and reading the full article. they did not meet the

definition ofa randomized trial. Ofthe other five studies that were excluded from

the meta-analysis. none ofthem met the definition ofdelayed and non—union

fractures. These studies used acute fractures and subjects with osteoarthritis. two

extremely different injuries with prognoses that are documented to more easily
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return to healing without intervention. They also used other controls included

surgery. osteogenic proteins. or ultrasound. Because there are many restrictions

on human research. experiments with a sham or control where subjects are not

guaranteed to get a treatment are getting harder to conduct or find. To run another

study by adjusting any one ofthese criteria would be accepting articles that no

longer addressed the initial research question.

(innparison by Quality Assessment

When establishing the methods there were two forms used for quality

assessment. The .ladad score. a table of five items with scores ranging from zero

to five. were calculated. Any study with a score less then three was excluded

from the meta-analysis. Only one study. Electrical 'li'eatment of'Tiliial .\'on-

Union: A Prospective. Ramlomisecl. Double-Bliml 'l'rial. received a perfect score

of live while the rest of the studies received 4.5 or 4 (Simonis. Parnell. Ray. &

Peacock. 2003 ). Since the initial inclusion criterion for the meta-analysis were

strict. every study that made it through the initial criterion passed the .ladad

quality assessment. The Cochrane Quality assessment tool was added to ensure

the methodological qrrality ofthe included articles. No studies were excluded

because oftheir scores.

Randomized Trials versus ( 'ontrollecl ( 'linieal 'l'rails

The difference between a randomized controlled trial and a controlled

clinical trial was that the former uses a firrmal randomization scheme generated

from a computer or a random numbers table while the latter uses a non-

randomized or quasi-random process such as organizinU groups according to dateh

La
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ofbirth or social security number. All four articles included in this analysis were

designated as randomized controlled trials. Only one article. li‘lcctrt'cal 'Ireatment

o/‘Tiliial .\'on-lfnion: A Prospective. Ranclomi:ecl. Double-blind 'l‘rial. was

randomized by allocating the coded electromagnet units from a randomized

predetermined list. (Simonis. Parnell. Ray. & Peacock. 2003). Barkers study used

a minimization procedure of randomization to keep the groups as even as possible

(Barker. Dixon. Sharrard. & Sutcliffe. 1984) Sharrard and Scotts studies stated

that the study was randomized. but they did not reveal the procedure as to how.

We cannot know if they were truly randomized because the methods of random

assignment were not revealed. This is why randomized and controlled clinical

trials were included in the meta-analysis in order to keep any articles that may be

quasi-randomized.

It is important for studies to address allocation concealment or

randomization will be lost and bias will be introduced. Ifthe allocation of units

are not concealed then researchers can deduce the subjects grouping despite

randomization and preferential treatment can be given. Scotts study kept

allocation concealment by stating that the manufacturer who kept the

randomization code took no part in allocating the units to patients. nor was he

involved in the study or informed of the outcomes after the code was broken. At

the end ofthe study. the researchers tested the units to ensure the information was

correct. Barkers study did not state measures to keep allocation concealment. but

multiple times declared that all staff were unaware ofthe machine type during the

study.
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Blinding ()tttcome Assessors

Another research question posed at the beginning ofthe study asked ifthe

blinding of outcome assessors affect the result. ()ne article stated that the junior

member involved in patient care also performed clinical outcome tests that were

used for outcome diagnosis (Scott & King. 1994). This would be a clear example

ofbias ifthe assessor was not blinded. None of the four articles reported a lapse

in blinding for any oftheir trials.

( 'onclttsion

This meta-analysis was limited by the small number oftrials which were

highly variable in their design. Based on the data available there is insufficient

evidence to support the use of bone growth stimulators for nonunion fractures.

Most studies identified either were not randomized. had poor methodology. or

used bone growth stimulators for other means.

With the abundance ofevidence on direct stimulation with spinal surgery

it would be easy to run a meta-analysis on this subject. Another more accessible

way to research bone growth stimulators would be comparing its affects on acute

fractures. Since many acute fractures are known to heal on their own. you could

ethically use a control group for comparison to retain scientific integrity. Besides

a sports medicine setting where athletes do not have the luxury oftime for their

fractures to become delayed or non-unions. it would not be clinically relevant to

the general populations. But the results ofsuch a study could give insight to the

effects of healing bone growth stimulators to aid the healing of fractures. In

conclusion I encourage and urge researchers to run more scientifically sound

()I



studies in order to advance the uncharted technology and usage of

electromagnetic bone growth stimulators.



T
a
b
l
e

1
C
o
m
p
a
r
i
s
o
n
s
o
f
M
e
t
a
-
A
n
a
l
y
s
e
s
u
s
i
n
g
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c

F
i
e
l
d
S
t
i
m
u
l
a
t
i
o
n

 

C
i
t
a
t
i
o
n

S
p
e
c
i
fi
c
a
t
i
o
n
s

I
n
t
e
r
v
e
n
t
i
o
n

S
t
a
t
i
s
t
i
c
s
/
A
n
a
l
y
s
i
s

R
e
s
u
l
t
s

L
i
m
i
t
a
t
i
o
n
s

 

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
F
i
e
l
d

s
t
i
m
u
l
a
t
i
o
n
f
o
r
t
h
e

t
r
e
a
t
m
e
n
t
o
f
d
e
l
a
y
e
d

u
n
i
o
n
o
r
n
o
n
-
u
n
i
o
n
o
f

l
o
n

b
o
n
e
s

 

B
y
:

P
u
n
t
.

B
.
.
d
e
n
H
o
e
d
.

P
.
.
&

S
t
i
j
n
e
n
.
T
.

(
2
0
0
4
)

-
o
n
l
y
r
e
s
e
a
r
c
h
e
d
o
n

l
o
n
g
b
o
n
e
s

(
t
i
b
i
a
.

f
i
b
u
l
a
,
f
e
m
u
r
.
h
u
m
e
r
u
s
.

r
a
d
i
u
s
.
u
l
n
a
)

-
P
E
M
F

-
E
M
F

-
p
u
l
s
e
d
a
n
d
n
o
n

p
u
l
s
e
d

-
R
E
V
M
A
N

p
r
o
g
r
a
m
u
s
e
d

-
R
e
l
a
t
i
v
e
R
i
s
k

f
o
r
d
i
c
h
o
t
o
m
o
u
s

d
a
t
a

-
M
e
a
n

d
i
f
f
e
r
e
n
c
e

f
o
r

c
o
n
t
i
n
u
o
u
s
d
a
t
a

0
5
9
2
)
c
o
n
f
i
d
e
n
c
e

i
n
t
e
r
v
a
l

-
C
h
i
s
q
u
a
r
e
d

t
e
s
t
f
o
r

h
e
t
e
r
o
g
e
n
e
i
t
y

-
S
t
u
d
y
c
u
r
r
e
n
t
l
y

b
e
i
n
g
c
o
n
d
u
c
t
e
d

N
A

  E
l
e
c
t
r
i
c
s
t
i
m
u
l
a
t
i
o
n
a
n
d

h
r
'
p
e
r
b
a
r
i
e
o
x
v
g
e
n

t
l
r
e
r
a
p
v

i
n
t
h
e
t
r
e
a
t
m
e
n
t

0
n
o
n
u
n
i
o
n
s

 

B
y
:
K
a
r
a
m
i
t
r
o
s
.

A
.
.

K
a
l
e
n
t
z
o
s
.

V
.
.
&

S
o
u
c
a
c
o
s
.

P
.
(
2
0
0
6
)

 -
u
s
e
d

e
l
e
c
t
r
i
c

s
t
i
m
u
l
a
t
i
o
n

i
n

c
o
m
b
i
n
a
t
i
o
n
w
i
t
h
o
t
h
e
r

t
h
e
r
a
p
y
(
h
y
p
e
r
b
a
r
i
c

o
x
y
g
e
n
)

 -
P
E
M
F

-
D
i
r
e
c
t
C
u
r
r
e
n
t

-
C
a
p
a
c
i
t
i
v
e
c
o
u
p
l
i
n
g

-
h
y
p
e
r
b
a
r
i
c
c
h
a
m
b
e
r
s

 N
A

 N
5
A

 -
o
n
l
y

a
r
e
v
i
e
w
.

n
o
t

a

m
e
t
a

a
n
a
l
y
s
i
s

-
d
o
e
s
n
o
t
s
h
o
w

t
h
e

e
f
f
i
c
a
c
y
o
f
P
E
M
F

b
y

i
t
s
e
l
f

 
 



T
a
b
l
e

l
(
C
o
n
t
)

  E
f
f
e
c
t
o
f
E
l
e
c
t
r
i
c

S
t
i
m
u
l
a
t
i
o
n
o
n

M
u
s
c
u
l
o
s
l
r
e
l
e
t
a
/

S
v
s
t
e
m
s
:

.
4
M
e
t
a
-

A
n
a
l
y
s
i
s
o
f
C
o
n
t
r
o
/
l
e
c
l

C
l
i
n
i
c
a
l

T
r
i
a
l
s

B
y
:
A
k
a
i
.
M
.
&

H
a
y
a
s
h
i
.

K
.
(
2
0
0
2
)

 -
u
s
e
d

a
r
t
i
c
l
e
s
f
r
o
m

1
9
6
6
-

l
9
9
9

-
s
t
u
d
y

t
e
s
t
s
t
h
e

e
f
f
i
c
a
c
y

o
f
P
E
M
F

o
n
b
o
n
e
s
a
n
d

f
o
r
s
o
f
t
t
i
s
s
u
e
?
j
o
i
n
t
s

-
p
o
o
l
e
d
o
n
l
y

p
a
r
t
o
f
d
a
t
a

b
s
'
c
h
e
t
e
r
o
g
e
n
e
i
t
y

-
m
a
s
k
r
e
v
i
e
w
e
r
s
d
u
r
i
n
g

d
a
t
a
a
n
d

r
e
s
u
l
t
s
e
x
t
r
a
c
t
i
o
n

 -
P
E
M
F

 -
R
O
M
A

8
8
p
r
o
g
r
a
m
u
s
e
d

-
D
e
r
S
i
m
o
n
i
a
n
a
n
d

L
a
i
r
d

M
e
t
h
o
d

-
p
o
o
l
e
d

r
a
t
e
d
i
f
f
e
r
e
n
c
e
w
i
t
h

r
a
n
d
o
m

e
f
f
e
c
t
m
o
d
e
l
s

-
9
5
%
c
o
n
f
i
d
e
n
c
e

i
n
t
e
r
v
a
l

-
q
u
a
|
i
t
y
c
r
i
t
e
r
i
o
n
b
y

S
a
c
k
e
t
t

 -
1
2
o
u
t
o
f
2
0

s
t
u
d
i
e
s

r
e
v
i
e
w
e
d
o
n
b
o
n
e
s

-
l
6
o
u
t
o
f
2
9

s
t
u
d
i
e
s

r
e
v
i
e
w
e
d
o
n

s
o
f
t

t
i
s
s
u
e
j
t

-
t
r
i
a
l
s
s
h
o
w
n
o
p
r
o
o
f

t
h
a
t
P
E
M
F

h
a
s

s
p
e
c
i
f
i
c
e
f
f
e
c
t
o
n

h
e
a
l
t
h

-
P
o
s
i
t
i
v
e
f
i
n
d
i
n
g
s

w
h
e
n

u
s
e
d
o
n

t
i
s
s
u
e

r
e
p
a
i
r

-
w
i
d
e

d
i
s
t
r
i
b
u
t
i
o
n
o
f

t
y
p
e
s
o
f
i
n
j
u
r
i
e
s

-
v
a
r
i
o
u
s
t
y
p
e
s
o
f

o
u
t
c
o
m
e

a
s
s
e
s
s
m
e
n
t
s

-
d
i
f
f
i
c
u
l
t
y
f
i
n
d
i
n
g

p
r
i
m
a
r
y
e
n
d
p
o
i
n
t
s

i
n
e
a
c
h
s
t
u
d
y

-
l
i
m
i
t
e
d
s
t
u
d
i
e
s

i
n
c
l
u
d
e
d

i
n
r
e
v
i
e
w

-
t
i
m
e
g
a
p

e
x
i
s
t
s
o
n

c
u
r
r
e
n
t
s
t
u
d
i
e
s

~
d
i
d
n
o
t
d
i
s
c
l
o
s
e

s
t
a
t
i
s
t
i
c
a
l
r
e
s
u
l
t
s

f
r
o
m
R
O
M
A

8
8

 
 

 



(1-.
I“

T
a
b
l
e
2

F
i
n
a
l
R
e
l
e
v
a
n
c
y
S
c
r
e
e
n
i
n
g
F
o
r
m

I
n
c
l
u
d
e
d
A
r
t
i
c
l
e
s

 

T
i
t
l
e

A
m
l
:
0
r

B
G
S

T
o
t
a
l

3
6
8

H
e
a
l
e
r
!

C
o
n
t
r
o
l
G
r
o
u
p

T
o
t
a
l

C
o
n
t
r
o
l
G
r
o
u
p

H
e
a
l
e
r
!
 

A
p
r
o
s
p
e
c
t
i
v
e
.
d
o
u
b
l
e
-

b
l
i
n
d

t
r
i
a
l
o
f
e
l
e
c
t
r
i
c
a
l

c
a
p
a
c
i
t
i
v
e
c
o
u
p
l
i
n
g

i
n

t
h
e
t
r
e
a
t
m
e
n
t
o
f
n
o
n
-

u
n
i
o
n
o
f
l
o
n
g
b
o
n
e
s

S
c
o
t
t
.
G

e
t
.
A
I

l
0

6
0

 

P
u
l
s
e
d
m
a
g
n
e
t
i
c
fi
e
l
d

t
h
e
r
a
p
y

f
o
r

t
i
b
i
a
l
n
o
n
-

u
n
i
o
n
.

l
n
t
e
r
i
r
n
r
e
s
u
l
t
s
o
f

a
d
o
u
b
l
e
-
b
l
i
n
d

t
r
i
a
l

B
a
r
k
e
r
.
A
T

e
t
.
A
l

6

 

E
l
e
c
t
r
i
c
a
l
T
r
e
a
t
m
e
n
t
o
f

t
i
b
i
a
l
n
o
n
-
u
n
i
o
n
:

a

p
r
o
s
p
e
c
t
i
v
e
.

r
a
n
d
o
m
i
z
e
d
d
o
u
b
l
e
-

b
h
n
d
t
fi
a
l

S
i
m
o
n
i
s
.
R
B
.

e
t
.
A
l

l
6

  A
d
o
u
b
l
e
-
b
l
i
n
d

t
r
i
a
l
o
f

p
u
l
s
e
d
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

fi
e
l
d
s

f
o
r
d
e
l
a
y
e
d
u
n
i
o
n

o
f
t
i
b
i
a
l

f
r
a
c
t
u
r
e
s

 S
h
a
r
r
a
r
d
.
W
J

 
 

l
0

 

If,

P l

 
 

 



66

T
a
b
l
e
2

F
i
n
a
l
R
e
l
e
v
a
n
c
y
S
c
r
e
e
n
i
n
g
F
o
r
m

-
E
x
c
l
u
d
e
d

A
r
t
i
c
l
e
s

(
C
o
n
t
.
)
 

T
i
t
l
e

A
u
t
h
o
r

R
e
a
s
o
n
s
f
o
r
E
x
c
l
u
s
i
o
n

 

I
m
p
l
a
n
t
a
b
l
e
d
i
r
e
c
t
c
u
r
r
e
n
t
s
t
i
m
u
l
a
t
i
o
n

i
n
p
a
r
a
-
a
x
i
a
l

c
e
r
v
i
c
a
l
a
r
t
h
r
o
d
e
s
i
s

W
e
l
c
h
.
W
C

e
t
.
A
I

T
r
i
a
l
t
y
p
e
.
s
u
r
g
e
r
y
u
s
e
d
.
n
o

c
o
n
t
r
o
l
.
r
a
n
d
o
m
i
z
a
t
i
o
n
.

n
o
r
a
d
i
o
g
r
a
p
h
d
i
a
g
n
o
s
i
s
.

f
r
e
s
h

f
r
a
c
t
u
r
e
s

 

P
s
e
u
d
a
r
t
h
r
o
s
i
s

a
f
t
e
r
l
u
m
b
a
r
s
p
i
n
e
f
u
s
i
o
n
:
n
o
n
o
p
e
r
a
t
i
v
e

s
a
l
v
a
g
e
w
i
t
h
P
E
M
F

S
i
m
m
o
n
s
.
J
W

J
r
.
.

e
t
.
A
l

N
o

c
o
n
t
r
o
l
g
r
o
u
p
.

m
r
r
l
t
i
c
e
n
t
e
r

t
r
i
a
l
.
n
o
o
u
t
c
o
m
e

r
a
d
i
o
g
r
a
p
h
.
n
o
t
r
a
n
d
o
m
i
z
e
d

 

T
r
e
a
t
m
e
n
t
o
f
n
o
n
u
n
i
o
n
s
o
f
l
o
n
g
b
o
n
e

f
r
a
c
t
u
r
e
s
w
i
t
h

s
h
o
c
k
w
a
v
e
s

W
a
n
g
.
C
]

e
t
.
A
l

N
o
t
r
a
n
d
o
m
i
z
e
d
.
n
o

c
o
n
t
r
o
l
g
r
o
u
p
.
u
s
e
o
f
s
u
r
g
e
r
y
.

u
s
e
o
f
p
a
i
n

s
c
a
l
e

 

H
i
g
h
-
e
n
e
r
g
y
e
x
t
r
a
c
o
r
p
o
r
e
a
l
s
h
o
c
k
w
a
v
e
t
r
e
a
t
m
e
n
t
o
f

n
o
n
u
n
i
o
n
s

R
o
m
p
e
.
J
D

e
t
.
A
I

N
o

c
o
n
t
r
o
l
g
r
o
u
p
.

n
o
t
r
a
n
d
o
m
i
z
e
d
.
n
o
r
a
d
i
o
g
r
a
p
h

f
o
r
d
i
a
g
n
o
s
i
s
.
n
o
B
G
S

u
s
e
d

 

P
u
l
s
e
d
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
fi
e
l
d
s

f
o
r
t
h
e
t
r
e
a
t
m
e
n
t
o
f
b
o
n
e

f
r
a
c
t
u
r
e
s

S
a
l
t
e
r
S
y
e
d
.
A

e
t
.
A
l

N
o
t
r
a
n
d
o
m
i
z
e
d
.
n
o

c
o
n
t
r
o
l
g
r
o
u
p
.
d
e
f
o
f
d
e
l
a
y
e
d

u
n
i
o
n
.
n
o
d
i
a
g
n
o
s
i
s
b
y

r
a
d
i
o
g
r
a
p
h

 

A
m
o
d
e
l

f
o
r
t
h
e
p
r
e
d
i
c
t
i
o
n
o
f
t
i
m
e

t
o
u
n
i
o
n

i
n
f
r
a
c
t
u
r
e
s

o
f
t
h
e

t
i
b
i
a

F
o
u
r
i
e
.
J
A

e
t
.
A
l

U
s
e

o
f
i
n
t
e
r
f
e
r
e
n
t
i
a
l
c
u
r
r
e
n
t
s
.

n
o
t
r
e
l
e
v
a
n
t

t
o
s
t
u
d
y
.

n
o
r
a
d
i
o
g
r
a
p
h
d
i
a
g
n
o
s
i
s
o
u
t
c
o
m
e
.

n
o
t
r
a
n
d
o
m
i
z
e
d

 

S
t
i
m
u
l
a
t
i
o
n
o
f
b
o
n
e

h
e
a
l
i
n
g

i
n
n
e
w

f
r
a
c
t
u
r
e
s
o
f
t
h
e

t
i
b
i
a
l
s
h
a
f
t
u
s
i
n
g

i
n
t
e
r
f
e
r
e
n
t
i
a
l
c
u
r
r
e
n
t
s

F
o
u
r
i
e
.
J
A

e
t
.
A
l

U
s
e

o
f
i
n
t
e
r
f
e
r
e
n
t
i
a
l
c
u
r
r
e
n
t
s
.
n
o
r
a
d
i
o
g
r
a
p
h

d
i
a
g
n
o
s
i
s
.
u
s
e
o
f
f
r
e
s
h

f
r
a
c
t
u
r
e
s

 

T
i
b
i
a
l
n
o
n
u
n
i
o
n

t
r
e
a
t
e
d
w
i
t
h
D
C
.

c
a
p
a
c
i
t
i
v
e
c
o
u
p
l
i
n
g
.

o
r
b
o
n
e

g
r
a
f
t

B
r
i
g
h
t
o
n
.
C
T

e
t
.
A
I

N
o
t
r
a
n
d
o
m
i
z
e
d
.
n
o

c
o
n
t
r
o
l
g
r
o
u
p
.
b
o
n
e

g
r
a
f
t
u
s
e
.

n
o
o
u
t
c
o
m
e
r
a
d
i
o
g
r
a
p
h

 

U
s
e
o
f
c
a
p
a
c
i
t
i
v
e
c
o
u
p
l
e
d

e
l
e
c
t
r
i
c
f
i
e
l
d
s

i
n
s
t
r
e
s
s

f
r
a
c
t
u
r
e
s

i
n
a
t
h
l
e
t
e
s

B
e
n
a
z
z
o
.
F

e
t
.
A
I

N
o

c
o
n
t
r
o
l
g
r
o
u
p
.

n
o
t
r
a
n
d
o
r
n
i
z
e
d
f
l
r
i
a
l
t
y
p
e
.
u
s
e

o
f

s
t
r
e
s
s

f
r
a
c
t
u
r
e
s
.
n
o
o
u
t
c
o
m
e
r
a
d
i
o
g
r
a
p
h

 

A
d
o
u
b
l
e
-
b
l
i
n
d

t
r
i
a
l
o
f
t
h
e

c
l
i
n
i
c
a
l
e
f
f
e
c
t
s
o
f
p
u
l
s
e
d

e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

f
i
e
l
d
s

i
n
o
s
t
e
o
a
r
t
h
r
i
t
i
s

T
r
o
c
k
.
D
H

e
t
.
A
l

U
s
e

o
f
o
s
t
e
o
a
r
t
h
r
i
s
t
i
s
.
n
o
r
a
d
i
o
g
r
a
p
h
o
u
t
c
o
m
e

  P
u
l
s
e
d
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
fi
e
l
d
s

f
o
r
t
h
e
t
r
e
a
t
m
e
n
t
o
f
b
o
n
e

f
r
a
c
t
u
r
e
s

 S
a
t
t
e
r
S
y
e
d
.
A

e
t
.
A
l

 N
o

c
o
n
t
r
o
l
g
r
o
u
p
.
d
e
f
o
f
d
e
l
a
y
e
d

u
n
i
o
n
.

n
o
t

r
a
n
d
o
m
i
z
e
d

 
 



67

T
a
b
l
e
2

(
C
o
n
t
)
 

T
i
t
l
e

A
u
t
h
o
r

R
e
a
s
o
n
s
f
o
r
E
x
c
l
u
s
i
o
n

 
A

m
u
l
t
i
c
e
n
t
e
r
s
t
u
d
y
o
f
t
h
e
t
r
e
a
t
m
e
n
t
o
f
n
o
n
-
u
n
i
o
n
w
i
t
h

c
o
n
s
t
a
n
t
d
i
r
e
c
t
c
u
r
r
e
n
t

B
r
i
g
h
t
o
n
.
C
T

e
t
.
A
l

N
o

c
o
n
t
r
o
l
g
r
o
u
p
.
d
e
f
o
f
n
o
n
u
n
i
o
n
.
n
o
o
u
t
c
o
m
e

r
a
d
i
o
g
r
a
p
h

 
E
f
f
e
c
t
s
o
f
d
i
f
f
e
r
e
n
t
i
a
t
e
d

s
t
r
e
s
s
s
t
i
m
u
l
i
a
n
d

e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
fi
e
l
d
s
o
n
b
o
n
e
s

Z
i
e
g
e
n
f
e
l
d
e
r
.
T

e
t
A
l

N
o
t

i
n
E
n
g
l
i
s
h

 
T
h
e

e
f
f
e
c
t
s
o
f
e
x
t
r
a
c
o
r
p
o
r
e
a
l
s
h
o
c
k
w
a
v
e
o
n
a
c
u
t
e
h
i
g
h
-

e
n
e
r
g
v
l
o
n
g
b
o
n
e

f
r
a
c
t
u
r
e
s
o
f
t
h
e
l
o
w
e
r
e
x
t
r
e
m
i
t
y

W
a
n
g

e
t
.
A
l

N
o

r
a
d
i
o
g
r
a
p
h

f
o
r
i
n
c
l
u
s
i
o
n
.
u
s
e
o
f
p
a
i
n

s
c
a
l
e
.

s
u
r
g
e
r
y
.
o
t
h
e
r
i
n
t
e
r
v
e
n
t
i
o
n

f
o
r
c
o
n
t
r
o
l
 
l
r
n
p
l
a
n
t
a
b
l
e
e
l
e
c
t
r
i
c
a
l
b
o
n
e

s
t
i
m
u
l
a
t
i
o
n

f
o
r
a
r
t
h
r
o
d
e
s
e
s

o
f
t
h
e

f
o
o
t
a
n
d
a
n
k
l
e

i
n
h
i
g
h

r
i
s
k
p
a
t
i
e
n
t
s
:
a
m
u
l
t
i
c
e
n
t
e
r

s
t
u
d
v

S
a
x
e
n
a
.
A

e
t
.
A
l

N
o

r
a
d
i
o
g
r
a
p
h

f
o
r
i
n
c
l
u
s
i
o
n
.

t
r
s
e
d
s
u
r
g
e
r
y
.

r
e
t
r
o
s
p
e
c
t
i
v
e
.
n
o

c
o
n
t
r
o
l
g
r
o
u
p

 
P
r
o
s
p
e
c
t
i
v
e
c
o
m
p
a
r
i
s
o
n
o
f
t
h
e

e
f
f
e
c
t
o
f
D
C

e
l
e
c
t
r
i
c
a
l

s
t
i
m
u
l
a
t
i
o
n
a
n
d
P
E
M
F

o
n
i
n
s
t
r
u
m
e
n
t
e
d
p
o
s
t
e
r
o
l
a
t
e
r
a
l

l
u
m
b
a
r
a
r
t
h
r
o
d
e
s
i
s

.
l
e
n
i
s
.
L
G

e
t
.
A
l

1
s
e

f
r
e
s
h

f
r
a
c
t
u
r
e
s
.
n
o
r
a
d
i
o
g
r
a
p
h
d
i
a
g
n
o
s
i
s

 
T
h
e

u
s
e
o
f
i
r
n
p
l
a
n
t
a
b
l
e
D
C
.
s
t
i
m
u
l
a
t
i
o
n

i
n
m
u
l
t
i
l
e
v
e
l

s
p
i
n
a
l

f
u
s
i
o
n
w
i
t
h
o
u
t
i
n
s
t
r
u
m
e
n
t
a
t
i
o
n
.
A

p
r
o
s
p
e
c
t
i
v
e

c
l
i
n
i
c
a
l
a
n
d
r
a
d
i
o
g
r
a
p
h
i
c
e
v
a
l
u
a
t
i
o
n
w
i
t
h
l
o
n
g
-
t
e
r
m

f
o
l
l
o
w
-
u
p

T
e
j
a
n
o
.
N
A

e
r
.
A
l

N
o
t
r
a
n
d
o
m
i
z
e
d
.
n
o
c
o
n
t
r
o
l
g
r
o
u
p
.
d
e
f
o
f
i
n
j
u
r
y
.
n
o

r
a
d
i
o
g
r
a
p
h
d
i
a
g
n
o
s
i
s

 
A

t
e
n
-
y
e
a
r
r
e
v
i
e
w
o
f
t
r
e
a
t
m
e
n
t
o
f
d
e
l
a
y
e
d
u
n
i
o
n
a
n
d

n
o
n
u
n
i
o
n

w
i
t
h
a
n
i
m
p
l
a
n
t
e
d
b
o
n
e
g
r
o
w
t
h

s
t
i
m
u
l
a
t
o
r

C
u
n
d
y
.

P
]

e
t
.
A
l

N
o

c
o
n
t
r
o
l
g
r
o
u
p
.

n
o
t
r
a
n
d
o
m
i
z
e
d

 
T
r
e
a
t
m
e
n
t
o
f
n
o
n
-
u
n
i
o
n
b
y
p
u
l
s
i
n
g
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

f
i
e
l
d
:
E
u
r
o
p
e
a
n

m
u
l
t
i
c
e
n
t
e
r
s
t
u
d
y
o
f
3
0
8

c
a
s
e
s

H
i
n
s
e
n
k
a
m

M
e
t
.
A
l

 

M
u
l
t
i
c
e
n
t
e
r
'
s
t
u
d
y
.
n
o
c
o
n
t
r
o
l
g
r
o
u
p
.
d
e
f
o
f

n
o
n
u
n
i
o
n
.
n
o
r
a
d
i
o
g
r
a
p
h
d
i
a
g
n
o
s
i

"
h
e
a
l
i
n
g
.
n
o
p
o
p
.

R
e
e
.
 
E
f
f
e
c
t
s
o
f
d
i
f
f
e
r
e
n
t
i
a
t
e
d
s
t
i
m
u
l
i
c
a
u
s
e
d
b
y

p
u
t
t
i
n
g

w
e
i
g
h
t
a
n
d
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c
fi
e
l
d
s
o
n
b
o
n
e
s

Z
i
e
g
e
n
f
e
l
d
e
r
.
T

e
t
.
A
l

N
o
t
d
e
l
a
y
e
d
o
r
n
o
n
u
n
i
o
n

f
r
a
c
t
u
r
e
s
.
n
o
t
r
a
n
d
o
m
i
z
e
d
.

n
o

c
o
n
t
r
o
l
g
r
o
u
p

  P
u
l
s
e
d
e
l
e
c
t
r
o
m
a
g
n
e
t
i
c

f
i
e
l
d
t
r
e
a
t
m
e
n
t

f
a
i
l
u
r
e

i
n
r
a
d
i
u
s

n
o
n
-
u
n
i
t
e
d

f
r
a
c
t
u
r
e
h
e
a
l
i
n
g

 M
a
d
r
o
n
e
r
o
.
A

e
t
.
A
l

 N
o
t
r
a
n
d
o
m
i
z
e
d
.
n
o

c
o
n
t
r
o
l
g
r
o
u
p
.
n
o
r
a
d
i
o
g
r
a
p
h

d
i
a
g
n
o
s
i
s

 
 



()8

T
a
b
l
e

3
R
e
a
s
o
n
s

f
o
r
A
r
t
i
c
l
e
E
x
c
l
u
s
i
o
n

U
s
e
o
f
a
t

r
i
s
k

s
u
b
j
e
c
t
s
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

N
0

c
o
n
t
r
o
l
g
r
o
u
p

E
x
p
e
r
i
m
e
n
t

n
o
t
r
a
n
d
o
m
i
z
e
d
.

..
.

.
.

.
..

.
.
.
.
.

N
o

r
a
d
i
o
g
r
a
p
h
i
c
d
i
a
g
n
o
s
i
s
o
r
o
u
t
c
o
m
e
.
.
.

.
.

.

D
o
e
s

n
o
t
c
o
n
f
o
r
m

t
o
d
e
f
i
n
i
t
i
o
n
o
f
d
e
l
a
)
e
d
o
r
n
o
n
-
u
n
i
o
n

O
t
h
e
r

i
n
t
e
r
v
e
n
t
i
o
n
t
t
s
e
d

f
r
a
c
t
u
r
e
s
.

.
.
.
.
.
.
u
o
g
n
o
o

.
.
.
.
.
.
2
s
t
u
d
i
e
s

.
.
.
.
.
l
S
s
t
u
d
i
e
s

.
.
.
.
.
l
4
s
t
u
d
i
e
s

.
.
.
.
.
l
7
s
t
u
d
i
e
s

.
.
.
.
.
l
Z
s
t
u
d
i
e
s

.
.
.
.
.
.
5
s
t
u
d
i
e
s



()9

T
a
b
l
e
4

Q
u
a
l
i
t
y
A
s
s
e
s
s
m
e
n
t
C
o
m
p
a
r
i
s
o
n

 

S
t
u
(
l
y

J
o
t
/
m
l
S
c
o
r
e

(
5
)

C
o
c
/
t
r
o
n
e
S
c
o
r
e

(
2
4
)

 

B
a
r
‘
k
e
r
-
P
u
l
s
e
d

:
l
-
I
a
g
n
e
t
i
e
F
i
e
l
d

T
i
t
e
r
a
/
z
r
'
I
/
o
r

T
i
/
v
i
a
/
N
o
n
-
U
n
i
o
n

 

S
c
o
t
t
-
A

P
r
o
s
p
e
c
t
i
v
e
.
D
o
u
b
l
e
-
B
l
i
n
d

T
r
i
a
l
o
i
'
E
l
e
t
r
i
e
a
/
C
a
p
a
c
i
t
i
v
e
c
o
u
p
l
i
n
g

i
n
t
h
e
T
r
e
a
t
m
e
n
t
o
/
E
N
’
o
n
-
U
n
i
o
n
o
f

L
o
n
g
B
o
n
e
s

7
7
4

 

S
h
a
r
r
a
r
d
-
A

D
o
u
b
l
e
-
B
l
i
n
d

T
r
i
a
l
o
f

P
u
l
s
e
d
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
F
i
e
/
d
r
f
o
r

D
e
l
a
r
'
e
d
U
n
i
o
n
o
f
T
i
b
i
a
l
F
r
a
c
t
u
r
e
s

2
0
.
8

  S
i
m
o
n
i
s
-
E
l
e
c
t
r
i
c
a
l
T
r
e
a
t
m
e
n
t
o
f

T
i
b
i
a
l
t
\
~
"
0
n
-
U
n
i
o
n
:
A

l
’
r
o
s
p
e
e
t
i
r
‘
e
.

R
a
n
d
o
m
i
s
e
d
.

D
o
u
b
l
e
-
B
l
i
n
d

T
r
i
a
l

 
 
 

 



70

T
a
b
l
e

5
h
l
'
l
e
t
a
-
a
n
a
l
y
s
i
s
S
t
a
t
i
s
t
i
c
a
l
R
e
s
u
l
t
s

C
o
m
p
a
r
i
s
o
n
o
r
o
u
t
c
o
m
e

S
t
u
d
i
e
s

P
a
r
t
i
c
i
p
a
n
t
s

S
t
a
t
i
s
t
i
c
a
l
m
e
t
h
o
d

E
f
f
e
c
t

s
i
z
e

O
l

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
S
t
i
m
u
l
a
t
i
o
n

v
s
.
C
o
n
t
r
o
l

O
l

F
i
x
e
d

E
f
f
e
c
t
R
R

4
1
1
6

R
R

(
f
i
x
e
d
)
.
0
5
%

C
l

2
.
3
6

[
1
.
5
7
.
3
.
5
3
]

0
2
R
a
n
d
o
m

E
f
f
e
c
t
R
R

4
I
I
6

R
R

(
r
a
n
d
o
m
)
.
0
5
%

C
l

2
.
6
2

[
0
.
7
8
.
8
.
7
8
]

0
3

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
(
D
r
o
p

B
a
r
k
e
r
)

3
1
0
0

R
R

(
r
a
n
d
o
m
)
.
9
5
%

C
l

5
.
4
8

[
0
.
7
2
.
4
|
.
4
8
]

[‘\

m

0
4

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
(
D
r
o
p
S
h
a
r
r
a
r
d
)

R
R

(
r
a
n
d
o
m
)
.
9
5
%

C
l

l
.
6
2

[
0
.
6
0
.
4
.
3
3

If

G

r".

0
5

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
(
D
r
o
p

S
c
o
t
t
)

-
R
R

(
r
a
n
d
o
m
)
.
9
5
%

C
l

H
M

[
0
.
6
3
.
5
.
9
2
]

(*1

00

r')

0
6

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
(
D
r
o
p
S
i
m
o
n
i
s
)

R
R

(
r
a
n
d
o
m
)
.
9
5
%

C
l

4
.
0
0

[
0
.

l
3
.
N
o
.
2
8
]



71

F
i
g
u
r
e

1
R
a
n
d
o
m

E
f
f
e
c
t
s
A
n
l
a
y
s
i
s
R
i
s
k
R
a
t
i
o

R
e
v
i
e
w
:

E
f
f
i
c
a
c
y
o
f
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
B
o
n
e
G
r
o
w
t
h

S
t
i
m
u
l
a
t
o
r
s
o
n
D
e
l
a
y
e
d
U
n
i
o
n
a
n
d
N
o
n
U
n
i
o
n

F
r
a
c
t
u
r
e
s

C
o
m
p
a
r
i
s
o
n
:

O
l

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c

S
t
i
m
u
l
a
t
i
o
n

v
s
.
S
h
a
m

C
o
n
t
r
o
l

O
u
t
c
o
m
e
:
0
4
R
a
n
d
o
m

E
f
f
e
c
t
R
R

A
n
a
l
y
s
i
s

S
t
u
d
y

T
r
e
a
t
m
e
n
t

C
o
n
t
r
o
l

R
R
(
r
a
n
d
o
m
)

W
e
i
g
h
t

o
r
s
u
b
—
c
a
t
e
g
o
r
y

n
/
N

M
N

9
5
%

C
l

0
/
o

R
R

(
r
a
n
d
o
m
)

9
5
%

C
l

 

B
a
r
k
e
r

7
/
9

6
/
7

S
h
a
r
r
a
r
d

l
O
i
2
0

l
1’

2
5

S
c
o
t
t

/
l
O

O
i
l

1
+

S
i
m
o
n
i
s
.

P
a
r

1
6
/
1
8

8
/
1
6

5
7

5
9

T
o
t
a
l
(
9
5
%

C
l
)

1
0
0
.
0
0

T
o
t
a
l
e
v
e
n
t
s
:
3
9
(
T
r
e
a
t
m
e
n
t
)
.

1
5
(
C
o
n
t
r
o
l
)

0
.
9
1

1
0
.
5
7
.

1
.
4
4
]

1
2
.
5
0
1
1
.
7
4
_
8
9
.
6
1
]

l
4
.
l
8

1
0
.
9
0
.
2
2
3
.
5
4
]

1
.
7
8
[
1
.
0
6
.
1
9
8
]

2
.
6
2

[
0
.
7
8
.
8
.
7
8
l

 
1
‘

‘
'

(
y

I
r
-

‘
I
:
:
7

‘
2
‘

E
c
u
s
g
g
o
t
o
h
e
t
e
r
o
g
e
n
e
r
t
y
.
C
h
t

-
l
.
Q
l
.
d
f

J
(
P
<
0
.
0
(
)
0
l

)
.

(
)
.
l

0
7

0
.
5

l
2

5
‘
0

_
.
.
3

0

~
.

.
‘
3

.
r
:

-
=

a

T
6
5
!

f
0
]
o
v
e
r
a
l
l
t
H
L
C
L
A

'
3
7

(
P

0
'
1
‘
)

F
a
v
o
r
s
T
r
e
a
t
m
e
n
t

F
a
v
o
r
s
C
o
n
t
r
o
l



F
i
g
u
r
e

2
F
i
x
e
d

E
f
f
e
c
t
s
A
n
a
l
y
s
i
s
R
i
s
k
R
a
t
i
o

R
e
v
i
e
w
:

E
f
f
i
c
a
c
y
o
f
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
B
o
n
e
G
r
o
w
t
h

S
t
i
m
u
l
a
t
o
r
s
o
n
D
e
l
a
y
e
d
U
n
i
o
n
a
n
d
N
o
n

U
n
i
o
n

F
r
a
c
t
u
r
e
s

C
o
m
p
a
r
i
s
o
n
:

0
|

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
S
t
i
m
u
l
a
t
i
o
n

v
s
.
S
h
a
m

C
o
n
t
r
o
l

O
u
t
c
o
m
e
:
0
3

F
i
x
e
d

E
f
f
e
c
t
R
R

A
n
a
l
y
s
i
s

S
t
u
d
y

T
r
e
a
t
m
e
n
t

C
o
n
t
r
o
l

o
r
s
u
b
-
c
a
t
e
g
o
r
y

n
/
N

1
1
/
N

R
R

(
f
i
x
e
d
)

W
e
i
g
h
t

9
5
%
C

l
"
/
0

R
R

(
r
a
n
d
o
m
)

9
5
%

C
l

 

B
a
r
k
e
r

7
/
9

6
/
7

S
h
a
r
r
a
r
d

l
0
/
2
0

l
/
2
5

S
c
o
t
t

6
/
1
0

0
1
’
]

l

S
i
m
o
n
i
s
.

P
a
r

l
6
/
l
8

8
/
l
6

5
7

5
9

T
o
t
a
l
(
9
5
%

C
l
)

T
o
t
a
l
e
v
e
n
t
s
:
3
9
(
T
r
e
a
t
m
e
n
t
)
.

1
5
(
C
o
n
t
r
o
l
)

T
e
s
t

f
o
r
h
e
t
e
r
o
g
e
n
e
i
t
y
:
C
h
i
2
=
2

l
.
9
]
.
d
f
=
3
(
P
<
0
.
0
0
0

l
)
.

0
l

0
3

l
‘
=
8
6
.
3
%

'
'
—

T
e
s
t

f
o
r
o
v
e
r
a
l
l

e
f
f
e
c
t
:
Z
:

4
.
1
6
(
P
<
0
.
0
0
0
l
)
)

—
J
~
—

4
0
.
6
9

_
.
_
_
_
+

.
.

L
5
.
3
6

+
2
.
8
8

5
1
.
0
7

l
0
0
.
0
0

 

0
.
9
1

[
0
.
5
7
.

1
.
4
4
]

1
2
.
5
0

[
1
.
7
4
.
8
9
.
6
l
]

1
4
.
1
8

[
0
.
9
0
.
2
2
3
.
5
4
]

1
.
7
8

[
1
.
0
6
.
2
.
9
8
1

2
.
3
6

[
1
.
5
7
.
3
.
5
3
1

 

0
.
5

l

0

'fl

(‘l

F
a
v
o
r
s
T
r
e
a
t
m
e
n
t

F
a
v
o
r
s
C
o
n
t
r
o
l



5

F
i
g
u
r
e

.5
S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
D
r
o
p
B
a
r
k
e
r

R
e
v
i
e
w
:

E
f
f
i
c
a
c
y
o
f
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
B
o
n
e
G
r
o
w
t
h

S
t
i
m
u
l
a
t
o
r
s
o
n
D
e
l
a
y
e
d
U
n
i
o
n
a
n
d
N
o
n

U
n
i
o
n

F
r
a
c
t
u
r
e
s

C
o
m
p
a
r
i
s
o
n
:

O
l

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
S
t
i
m
u
l
a
t
i
o
n

v
s
.
S
h
a
m

C
o
n
t
r
o
l

O
u
t
c
o
m
e
:
0
3

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
(
D
r
o
p
B
a
r
k
e
r
)

S
t
u
d
y

T
r
e
a
t
m
e
n
t

C
o
n
t
r
o
l

R
R

(
r
a
n
d
o
m
)

W
e
i
g
h
t

o
r
s
u
b
-
c
a
t
e
g
o
r
y

n
t
’
N

n
/
N

9
5
%
C

l
0
/
0

R
R

(
r
a
n
d
o
m
)

9
5
%

C
l

 

\O

(’1

l/‘l

SI

S
h
a
r
r
a
r
d

1
0
.
1
"
2
0

l..
v

,

S
c
o
t
t

6
/

l
0

0
:
"

S
i
m
o
n
i
s
.
P
a
r

l
6
/
l
8

8

4
8

,
_
_
-

T
o
t
a
l
(
9
5
%

C
l
)

_
l
0
0
.
0
0

T
o
t
a
l
E
v
e
n
t
s
:
3
2
(
T
r
e
a
t
m
e
n
t
)
.
9
(
C
o
n
t
r
o
l
)

T
e
s
t
f
o
r

h
e
t
e
r
o
g
e
n
e
i
t
y
:
C
h
i
2
=
8
.
5
5
.
d
f
=
2
(
P
=
0
.
0
1
)
.
l
3
=
7
6
.
6
%

\‘

'1-

w

(‘

v

'—‘\O(‘l

O—-F_‘n

 

1
2
.
5
0

[
1
.
7
4
.
8
9
.
6
1
]

1
4
.
1
8

[
0
.
9
0
.
2
2
3
.
5
4
]

1
.
7
8

[
1
.
0
6
.
2
.
9
8
]

5
.
4
8

[
0
.
7
2
.
4
|
.
4
8
]

 

T
e
s
t
f
o
r
o
v
e
r
a
l
l

e
f
f
e
c
t
:
Z
=
l

.
6
5
(
P
=
0
.
l
O
)

0
l

0
q

0
5

l

F
a
v
o
r
s
T
r
e
a
t
m
e
n
t

F
a
v
o
r
s
C
o
n
t
r
o
l



74

F
i
g
u
r
e

4
S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
D
r
o
p

S
c
o
t
t

R
e
v
i
e
w
:

E
f
f
i
c
a
c
y
o
f
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
B
o
n
e
G
r
o
w
t
h

S
t
i
m
u
l
a
t
o
r
s
o
n
D
e
l
a
y
e
d
U
n
i
o
n
a
n
d
N
o
n
U
n
i
o
n

F
r
a
c
t
u
r
e
s

C
o
m
p
a
r
i
s
o
n
:

0
l

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
S
t
i
m
u
l
a
t
i
o
n

v
s
.
S
h
a
m

C
o
n
t
r
o
l

O
u
t
c
o
m
e
:

0
5

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
(
D
r
o
p

S
c
o
t
t
)

S
t
u
d
y

T
r
e
a
t
m
e
n
t

C
o
n
t
r
o
l

o
r
s
u
b
-
c
a
t
e
g
o
r
y

n
/
N

n
/
N

R
R

(
r
a
n
d
o
m
)

W
e
i
g
h
t

9
5
%

C
I

"
0

R
R

(
r
a
n
d
o
m
)

9
5
%

C
l

 

B
a
r
k
e
r

7
/
9

6
6
7

S
h
a
r
r
a
r
d

l
0
i
2
0

l

S
i
m
o
n
i
s
.

P
a
r

l
6
e
’
l
8

8
"
l
6

4
7

4
8

T
o
t
a
l
(
9
5
%

C
l
)

T
o
t
a
l

E
v
e
n
t
s
:
3
3
(
T
r
e
a
t
m
e
n
t
)
.

1
5
(
C
o
n
t
r
o
l
)

T
e
s
t

f
o
r

h
e
t
e
r
o
g
e
n
e
i
t
y
:
C
h
i
'
=
l
4
.
8
3
.
d
f
:
2
(
P
=
0
.
0
0
0
6
)
.
l
3
=
8
6
.
5
%

T
e
s
t

f
o
r
o
v
e
r
a
l
l

e
f
f
e
c
t
:
Z
=
l
.
l
6
(
P
=
0
.
2
5
)

—
i
—

4
1
.
0
5

—
—
+

1
8
.
1
6

—
I
—

4
0
.
3
4

1
0
0
.
0
0

0
.
9
1

[0
.5
.7
.

1
.
4
4
]

1
2
.
5
0

[
1
.
7
4
.
8
9
.
6
1
]

1
.
7
8

[
1
.
0
6
.
2
.
9
8
]

1
.
9
4

[
0
.
6
3
.
5
.
9
2
]

 

0
.
l

0
.
2

0
.
5

l
2

5
I
O

F
a
v
o
r
s
T
r
e
a
t
m
e
n
t

F
a
v
o
r
s
C
o
n
t
r
o
l



F
i
g
u
r
e

5
S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
D
r
o
p

S
h
a
r
r
a
r
d

R
e
v
i
e
w
:

E
f
f
i
c
a
c
y
o
f
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
B
o
n
e
G
r
o
w
t
h

S
t
i
m
u
l
a
t
o
r
s
o
n
D
e
l
a
y
e
d
U
n
i
o
n
a
n
d
N
o
n

U
n
i
o
n

F
r
a
c
t
u
r
e
s

C
o
m
p
a
r
i
s
o
n
:

0
1

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
S
t
i
m
u
l
a
t
i
o
n

v
s
.
S
h
a
m

C
o
n
t
r
o
l

O
u
t
c
o
m
e
:

0
4

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s

(
D
r
o
p

S
h
a
r
r
a
r
d
)

S
t
u
d
y

o
r
s
u
b
—
c
a
t
e
g
o
r
y

r
r
/
N

n
t
’
N

T
r
e
a
t
m
e
n
t

C
o
n
t
r
o
l

R
R

(
r
a
n
d
o
m
)

9
5
%

C
l

W
e
i
g
h
t

91
6

R
R

(
r
a
n
d
o
m
)

9
5
%

C
l

 

B
a
r
k
e
r

S
c
o
n

S
i
m
o
n
i
s
.
P
a
r

T
o
t
a
l
(
9
5
%

C
l
)

T
o
t
a
l
E
v
e
n
t
s
:
2
9
(
T
r
e
a
t
m
e
n
t
)
.

1
4
(
C
o
n
t
r
o
l
)

T
e
s
t

f
o
r

h
e
t
e
r
o
g
e
n
e
i
t
y
:
C
h
i
'
=
l
O
.
3

7
.
d
f
=
2
(
P
=
0
.
0
0
6
)
.

1
3
:
8
0
.
7
%

T
e
s
t

f
o
r
o
v
e
r
a
l
l

e
f
f
e
c
t
:
Z
=
0
.
9
6
(
P
=
0
.
3
4
)

0
,
]

0
_
2

0
,
5

l
2

5

7,
19

6
7

‘
4
—

4
5
.
4
7

 

6
/
l
0

0.
1"
]

l

l
6
/
l
8

8
/
l
6

3
7

3
4

 

F
a
v
o
r
s
T
r
e
a
t
m
e
n
t

AL

l
0
.
1
8

4
4
.
3
6

l
(
)
(
)

0
.
9
1

[
0
.
5
7
.

1
.
4
4
]

1
4
.
1
8

[
0
.
9
0
.
2
2
3
.
5
4
]

1
.
7
8

[
1
.
0
6
.
2
.
9
8
]

1
.
6
2

[
0
.
6
0
.
4
.
3
3
]

 

l
0

F
a
v
o
r
s
C
o
n
t
r
o
l



76

F
i
g
u
r
e

6
S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s
D
r
o
p
S
i
m
o
n
i
s

R
e
v
i
e
w
:

E
f
f
i
c
a
c
y
o
f
E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
B
o
n
e
G
r
o
w
t
h

S
t
i
m
u
l
a
t
o
r
s
o
n
D
e
l
a
y
e
d
U
n
i
o
n
a
n
d
N
o
n

U
n
i
o
n

F
r
a
c
t
u
r
e
s

C
o
m
p
a
r
i
s
o
n
:

0
]

E
l
e
c
t
r
o
m
a
g
n
e
t
i
c
S
t
i
m
u
l
a
t
i
o
n

v
s
.
S
h
a
m

C
o
n
t
r
o
l

O
u
t
c
o
m
e
:

0
6

S
e
n
s
i
t
i
v
i
t
y
A
n
a
l
y
s
i
s

(
D
r
o
p
S
i
m
o
n
i
s
)

S
t
u
d
y

T
r
e
a
t
m
e
n
t

C
o
n
t
r
o
l

R
R

(
r
a
n
d
o
m
)

W
e
i
g
h
t

o
r
s
u
b
—
c
a
t
e
g
o
r
y

I
N
N

n
/
N

9
5
%

C
l

"
/
0

B
a
r
k
e
r

7
/
9

6
/
7

S
h
a
r
r
a
r
d

1
0
.
1
2
0

1
7
2
5

—
t

S
c
o
t
t

6
1
"
]
0

0
1
’
]

l

3
9

4
3

T
o
t
a
l
(
9
5
%

C
l
)

—

T
o
t
a
l

E
v
e
n
t
s
:
2
3
(
T
r
e
a
t
m
e
n
t
)
.

7
(
C
o
n
t
r
o
l
)

T
e
s
t

f
o
r

h
e
t
e
r
o
g
e
n
e
i
t
y
:
C
h
i
3
=
2
8
.
4
5
.
d
f
=
2
(
P
<
0
.
0
0
0
0
l

).

1
3
:
9
3
.
0
0
/
0

v—sorfi

In—m

Or'iO

mmm

r1

l
0
0
.
0
0

R
R

(
r
a
n
d
o
m
)

9
5
%

C
l

0
.
9
1

[
0
.
5
7
.
L
4
4
]

1
2
.
5
0

[
l
.
7
4
.
8
9
.
6
l
]

l
4
.
l
8

[
0
.
9
0
.
2
2
3
.
5
4
]

4
.
9
9

[
0
.
1
3
.

1
9
0
.
2
8
]

 

T
e
s
t

f
o
r
o
v
e
r
a
l
l

e
f
f
e
c
t
:
Z
=
0
.
8
6
(
P
=
0
.
3
9
)

0
,
]

0
:

0
5

]

1f)

(\l

1
0

F
a
v
o
r
s
T
r
e
a
t
m
e
n
t

F
a
v
o
r
s
C
o
n
t
r
o
l



APPENDIX A

Quality Assessments
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JADAD QUALITY ASSESSMENT

l) Jadad-If the article has a score less then three. stop here and check not usable

at the top.

SCORE:
 

A Jadad score is calculated using the seven items in the table below. The

first five items are indications of good quality. and each counts as one point

towards an overall quality score. The final two items indicate poor quality. and a

point is subtracted for each if its criteria are met. The range of possible scores is O

to 5.

TWas the study describedasdouble blind?

ladadScoreCalculatron

...._ -..--.-.-.-._..._.

 

 

as randomly. random. and randomization)?

---——o‘—;—-1

 

Was the method used to generate the sequenceofrandomr/atron

described and appropriate (table of random numbers. cornputer-

generr.ated etc)?
 

vm—ww—.- ..-.r..w.fi.._- -.- .... -...._.__ ..._.. ...-.- -..... --.

‘

L.

l

- — .- _...—..._..-__.._.__.—~ .

Was the study described as randomized (this includes words such

Store

0'l

OYl

 

 
 

OVI

 

Was the method ofdouble blinding described and appiopriate 0/l (identical placebo. actrye placebo dummy. etc)‘.

 

 

Deductone point it the method used to generate the sequenceof

randomization was described and it was inappropriate (patients

were allocated alternately. or according to date of birth. hospital

number. etc).

  

Deduct one point if the study was described as double blind but

the method ofblinding was inappropriate (e.g.. comparison of

tablet vs. injection with no double dummy).  

78

. _ - --.- .__._.__.__.._....._._..w.____-

" " 1

Was them a descr1ption of w1thdrawals and dropouts’ l

. .-...qr

01 [

0-1

--.-....-. ... ._ _._.__..___._4

0 1  

 



COCHRANE QUALITY ASSESSMENT

This score will be used for a sensitivity analysis. No studies will be excluded

 

 

 

 

because of this score. SCORE: / a

Items Scores Notes

A. Was the assigned 2 = method did not allow Cochrane

treatment adequately disclosure ofassignment code (see

concealed prior to allocation? 1 = small but possible change of Handbook)

disclosure ofassignment A = clearly

unclear yes

0 = quasi-randomised or open B = not sure

list/tables C = clearly

no

B. Were the outcomes of 2 : withdrawals well described

patients who withdrew and accounted for in analysis

described and included in the l = withdrawals described and

analysis (intention to treat)? analysis not possible

0 = no mention. inadequate

mention or obvious

differences and no adjustment
 

 

    
 

 

C. Were the outcome 2 = effective action taken to

assessors blinded to blind

treatment status? 1 = small or moderate chance of

unblinding ofassessors

0 I mentioned or not possible

D. Were the treatment and 2 : good comparability ofgroups

control group comparable at or confounding adjusted for

entry? in analysis

I = confounding small:

mentioned but not adjusted

for

0 2 large potential for

confounding or not discussed

E. Were the subjects blind to 2 = effective action taken to

assignment status after blind subjects

allocation? 1 = small or moderate chance of

unblinding ofsubjects

0 —= not possible or not

mentioned (Sunless double-

blind) or possible but not   
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done
 

F. Were the treatment

providers blind to

assignment?

2 = effective action taken to

blind providers

1 = small or moderate chance of

unblinding of providers

0 : not possible or not

mentioned (unless double-

blind) or possible but not

done
 

G. Were care programmes

other than the trial options

identical?

2 = clearly identical

1 = clear but trivial differences

0 = not mentioned or clear and

important differences in care

programmes
 

H. Were the inclusion and

exclusion criteria clearly

defined?

[
J

= clearly defined

1 = inadequately defined

0 = not defined
 

1. Were interventions clearly

defined?

I
Q

= clearly defined

1 = inadequately defined

0 not defined

ll

 

.l. Were the outcome l
J l

— clearly defined Item score =

 

  

measures used clearly I = inadequately defined total

defined? 0 = not deli ned score/numbe

r of

Outcomes: outcomes

1: Clinical consolidation

2: Radiographic consolidation

3: Pain

4: Function

5: Complications due to

stimulation

K. Were diagnostic tests used 2 : optimal ltem score =

in outcome assessment 1 : adequate total

clinically useful? 0 : not deli ned. not adequate seore/numbe

r of

Outcomes: outcomes

1: Clinical consolidation

2: Radiographic consolidation

3: Pain

4:Funcfion

5: Complications due to

stimulation

L. Was the duration of 2 = optimal ltern score =

surveillance active and l 4' adequate total

clinically appropriate? 0 = not defined. not adequate score/numbe

t' of  
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Outcomes: outcomes

: Clinical consolidation

: Radiographic consolidation

: Pain

:Funcuon

: Complications due to

stimulation

L
1
1

4
:
:
-
D
J

I
Q

-
—

  
 

(Punt et alt.. 2004)
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Meta-Analysis Forms





Relevancy Screening Form Hit number

Inclusion Criteria

Injury~ delayed ant/1’01: nonunionfractures at any site

__Delaycd union- failure of fracture to unite after three months

___Non union-failure of fracture to unite after six months

Looking for fractures at all sites. This includes all injuries that lead to

non-union like past failed surgeries or stress fractures

Does studv meet this criteria? (Circle one) Yes No Unsure

Intervention- bone grout/t stimulator compared to placebo or sham control only

__Experimental Group- use one ofthree types of bone growth

stimulators. Direct Current. Capacitive Coupling. or Pulsed Electromagnetic

Fields (PEMF)

_Control Group- Bone growth stimulator must be compared to a sham

control (fake BGST) or placebo control (no treatment given). Studies that use

active control modalities such as ultrasound. or surgery (cg. bone grafts) are

excluded.

Docs study meet this criteria? (Circle one) Yes No Unsure

Population- healthy human population wit/tout concomitant disease,”conditions

__Uses healthy humans

_Subjects cannot have any ofthe following diseases: bone cancer.

Insulin Receptor Substrate-l Deficiency. aplastic anemia. osteoperosis. If nothing

is mentioned it will be assumed that the population is healthy.

Does studv meet this criteria? (Circle one) Yes No Unsure

Trial Type- randomi:ed controlled trial or quasi-ramlotnizcd controlled trial

_Randomized Controlled Trial- allocate treatment using random

numbers table. computer generated allocation. or sealed envelope

_Controlled Clinical Trail (quasi-randomized)- allocate treatment using

coin flip. alternative (odd/even number) assignment. patient social security

number. days ofthe week. medical record number. etc.

Docs studv meet this criteria? (Circle one) Yes No Unsure

Should the article be included in the Meta-Analysis

Yes (all the criteria above marked as Yes)

__ No (at least one criteria marked as No)

Unsure (at least one criteria marked as Unsure)



Data Extraction Form Useable

__ Not Useable: Explain why
 

ArticleTitle:
 

 

Analysis Date: Reviewed bv:
 

 

Revman ID:
 

INCLUSION CRITERIA- Ifa boxes from each section is not

checked/circled, STOP here, check not useable at top, and do not move to Quality

Assessment

1) Type of Trial

Randomi:cd Controlled l'rial— Studies where the treatments administered are

selected by a random process such as the use ofa random numbers table. computer

generated allocation. random number generator (ERNIE). or a sealed envelope.

D
ControlledClinical Trial- Treatment allocations using coin lIips. odd-even numbers.

patient social security numbers. days ofthe week. medical record numbers. or other such

pseudo- or quasi-random processes.

2) Definition ofInjury

D
Dclarcd lfnion- failure to see normal healing of the bone on radiographic evidence

within three to six months ofthe injury depending on the fracture site.

Ci
Nonunion- failure to unite beyond six to nine months.

3) Population

[:1
Healthy human population. no subjects with diseases that may impede in the bone

regeneration process (bone cancer. Insulin Receptor Substrate-1 Deficiency. aplastic

anemia. osteoperosis)

Fill in the following information ifgiven

0 Age range of population

0 Mean age

0 Age specific subgroup results
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4) Diagnosis of Injury

Radiogrcmltic Evidence (x-ray. bone scan. CT scan. MRI)

Type used:
 

 

   

5) Interventions (circle one used, if the study does not fit any of the definitions, stop

here and check not usable at the top)

0 Uses Direct Currcnl- uses a generator to deliver electric energy by surgically

implanted electrodes into the fusion bed

0 Pulsed electromagneticfields (PE.IIF’)- time varying current that travels through

metallic coils at a certain duration and intensity. uses electrodes. does not require

surgery

0 Capacitive (C'oupling- charges two metal plates that are attached to a voltage

source and produces electrical tield by using electrodes. does not require surgery

D
6) Control Group/Type of Placebo (circle one used, if the study does not fit any of

the definitions, stop here and check not useable at the top)

0 Placebo Control (control group receives no treatment)

0 Sham Control (fake BUST. no emit energy." emits low levels ofelectricity proven

not to stimulate osteogenesis).

7) Outcome

Radiographic Evidence (x-i'ay. bone scan. CT scan. MRI)

Type used:
 

Time Frame (circle one)

0 Finite date to healing set as
 

0 Serial measurements taken
 

8) Blinding of Outcome Assessors (check which one applies)

Were the outcome assessors blinded to treatment status

Outcome assessors were blinded (2)

Outcome assessors were not blinded ( I )

Blinding ofoutcome assessors was not mentioned (0)

EXCLUSION CRITERIA- check all that apply, if one or more are checked,

stop here and check not usable on top of first page.

No type of randomization ofthe experimental or control group

Study uses pain scale. mobility measurement. or return to activity as

outcome Assessment
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Study does not use bone growth stimulators

Delayed union defined as failure to heal before three months

Nonunion defined as failure to heal before six months

Study does not use delayed or nonunion fractures

Study uses animals

Study uses humans with bone cancer. Insulin Receptor Substrate-l

Deficiency. aplastic anemia. osteoperosis

__ There is no control group in the study

___ Control group treated with ultrasound. hormones. bone grafts. or other

types of surgery
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QUALITY ASSESSMENT

I) Jadad-Ifthe article has a score less then three. stop here and check not usable

at the top.

SCORE:
 

o A .ladad score is calculated using the seven items in the table below. The

first five items are indications 11f good quality. and each counts as one point

towards an overall quality sc111e.Tl1e final two items indicate poor quality. and a

point is subtracted for each if its c1ite1ia are met. The 1ange 11f possible sc01es is 0

to .1.

JadadScoie(alculation I

Item 1 Scorel

NNas the study dcsuibcdas 1andomvcd (this includes 0”

w111ds such as 1andomly. random. and 1a11donu/ation)’

N’as the method used to gene1ate the sequence 11f 0”

1andomization desc1ibed and app111piiate (1table 11f random 1

numbers. 1c1mputer--gene1ated. etc)?

NNasthe study desc1ibed as double bl1nd’ ‘ O” J

Was the method of double blinding desc1ibed and ‘1 0/1

appiop1iatc (identical placebo. active placebo. dummy.

mete)?

NNas lltctc111lcs111pt1on11fw1thd111w11ls and diopouts

 

 

0/1 I

Deduct one point if the method used to generate the 0/-1

sequence of randomization was described and it was %

inappropriate (patients were allocated alternately. 111

according to date ofbirth. hospital number. etc) i

-
.
-
.
.
fi
.
fi
+
4

.
1
-
4

Deduct one point if the study was desc1ibed as doubie i Ol-1

blind but the method of blinding was inappr‘opiiate (e.g..

comparison 11f tablet vs. injection with no double

dununy).
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2) Cochrane Quality assessment tool-This score will be used for a sensitivity

analysis. No studies will be excluded because ofthis score.

 

 

 

SCORE: / 24

Items Scores Notes

A. Was the assigned 2 = method did not allow Cochrane

treatment adequately disclosure ofassignment code (see

concealed prior to l = small but possible change of“ Handbook)

aHocadon? disclosure ofassignment A = clearly

yes

B = not sure

C = clearly n11
 

B. Were the outcomes of

patients who withdrew

described and included in

the analysis (intention to

treat)?

unclear

() : quasi-randomised or open

list/tables

3 : withdrawals well described

and accounted for in analysis

1 = withdrawals described and

analysis not possible

0 = 1111 mention. inadequate

mention or obvious

differences and 1111

 

adjustment

C. Were the outcome 2 it effective action taken to

assessors blinded to blind

treatment status‘? I = small or moderate chance of

unblinding ofassessors

(l = mentioned or not possible
 

D. Were the treatment

and control group

comparable at entry?

2 = good comparability of‘

groups or confounding

adjusted for in analysis

1 = confounding small;

mentioned but not adjusted

for

O = large potential for

confounding or not discussed
 

16. Were the subjects

blind to assignment

status after allocation'.’  

[
J

= effective action taken to

blind subjects

l : small or moderate chance of

unblinding of subjects

= not possible or not

mentioned (unless double-

blind) or possible but not

( V    
88

 



 

done
 

F. Were the treatment

providers blind to

assignment?

2 = effective action taken to

blind providers

1 = small or moderate chance of

unblinding of providers

0 : not possible or not

mentioned (unless double—

blind) or possible but not

done
 

G. Were care

programmes other than

the trial options

identical?

[
J

= clearly identical

= clear but trivial differences

0 = not mentioned or clear and

important differences in care

programmes
#

 

 

H. Were the inclusion 2 I clearly defined

and exclusion criteria 1 = inadequately defined

clearly defined? 0 = not defined

1. Were interventions 2 3 clearly defined

clearly defined? 1 = inadequately defined

0 = not defined
 

.1. Were the outcome

measures used clearly

defined?

2 = clearly defined

1 = inadequately defined

0 = not defined

Outcomes:

1: Clinical consolidation

: Radiographic consolidation

: Pain

: Function

: Complications due to

stimulation

'
u
J

I
»
)

U
1
4
2
.

ltem score =

total

score/number

11f outcomes

 

K. Were diagnostic tests

used in outcome

assessment clinically

useful?

2 = optimal

l = adequate

O : not defined. not adequate

Outcomes:

: Clinical consolidation

: Radiographic consolidation

: Pain

:Funcfion

: Complications due to

stimulation

U
l
-
I
-
‘
n
'
a
J
l
Q
-
d

Item score =

total

score/number

11f outcomes

  L. Was the duration of

surveillance active and

clinically appropriate?  2 = optimal

l = adequate

0 = not defined. not adequate  Item score =

total

score/number

of outcomes
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Outcomes:

: Clinical consolidation

: Radiographic consolidation

: Pain

:Funcfion

: Complications due to

stimulation

Q
.
)
[
Q
—

'
J
I

4
:
.

 
 

(Punt et alt. 2004)
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DATA EXTRACTION

l) Diehotomous Data- Binary data where each individuals outcome is one of

only two possible responses: healed v. not healed

Bone Growl/7 Siimu/ulm‘ ('un/m/ (frat/p
 

Number Ilealed (n) Number of

Participants (N)

Number Ilealed (n) Number of

Participants (N)
 

     

2) Continuous Data- \\ here each individuals outcome is a measure of

numerical quantity

Bone (inm'I/z .S'Iimu/umr (,‘0/1/1'0/ (frat/p
 

Number of

Participants

(N)

Mean Standard

Deviation

(SD)

Number of

Participants

(N)

hiean Standard

Deviation

(SD) 

       

9]
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