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PULSED ELECTROMAGNETIC FIELDS “PEMF”
CTU — MEDICAL DEVICE PERISO s3,
for the
TREATMENT OF POSTOPERATIVE DELAYED

UNIONS OF LONG-BONE FRACTURES:
A PROSPECTIVE RANDOMIZED CONTROLLED STUDY

Abstract

Background:

pulsed electromagnetic field (PEMF) is reportechéoan effective adjunct for the management d
nonunion long-bone fractures. Most studies implen®EMF treatment after Gonths or longer of
delayed union or nonunion following fractuneeatment. Despite these variations in treatmést, t
early application of PEMF following a diagnosis af postoperative delayed union has not begn
specifically analyzed.

=

Study Objective:

the purpose of this study was to evaluate the afficof the early application of PEMF in the bone
healing of POSTOPERATIVE DELAYED UNIONS OF LONG-BONE FRACTURESompared with a sham-
treated control group.

Methods:

in this prospective, randomized controlled studytotal of 58 long-bone fracture patients, whd
presented with delayed union of betweenv&éks and Bonths, were randomly split into two groups
and subjected to an early application of PEGIFU — MEDICAL DEVICE — PERISO sayr sham
treatment. Clinical and radiological assessmentseweerformed to evaluate the healing status.
Treatment efficacy was assessed at three montivaise

Results:

patients in the PEMF group showed a higher ratenain than those in the control group after thst fir
three months of treatment, but this differenceefhito achieve statistical significance. At the efid
the study, PEMF treatment conducted for an avesdgeBmonths led to a success rate of 77.4%. This
was significantly higher than the control, whichdhen average duration of 4nths and a success
rate of 48.1%. The total time from operation to #rel of the study was a mean of rAdhths for
patients in the PEMF group.

Search strategy:
databases used to identify studies for this clirstzdy include Medline, Embase and Cochrane.

Conclusions:
Fracture patients treated with an early applicadbEMF achieved a significantly increased rate df
union and an overall reduced suffering time congbaséth patients that receive PEMF after the
6months or more of delayed union, as described lgrst

Keywords:
PEMF, Electromagnetic field, Delayed union, Fraetiealing, Long-bone fracture.

MD. Pietro Romeo (Annex 1)

N
TUV

CLU B>52§e‘ K \
@&

PERISOq, ®
ViaaVaréna, 4 Py M 1SO 13485

CH 6810-ISONE -y °
CHE-101.514.101 IVA -

L,

1ISO 9001

ISO 10014
1ISO 14001
[l



TREATMENT OF POSTOPERATIVE DELAYED UNIONS OF LONG-BONE FRACTURES: Pagina2di10

A PROSPECTIVE RANDOMIZED CONTROLLED STUDY

| NTRODUCTION

Despite recent improvements in fracture managenaetdyed union and nonunion remain as
intractable complications following surgical redootand fixation of long-bone fractures. It is
estimated that 5-10% of all fractures show impainedling [1]. Surgical management is
usually preferred in the treatment of an estabilst@nunion, especially in those fractures that
are accompanied by infection, deformity, shorteringoony defect. Otherwise, nonsurgical
methods are considered for delayed union to fat#libsteogenesis, osteoinduction, as well as
osteoconduction and thus stimulate the healingga®§2, 3]. Among the reported therapeutic
methods, the use of biophysical interventions, saglpulsed electromagnetic field (PEMF)
therapy, has attracted the attention of cliniciamsthe past decades, because of their
noninvasive characteristics [4, 5].

PEMF was introduced in the mid-1970s as a benétio@ for fracture healing [6]. Although
the mechanism remains poorly understood, PEMF gdesvian effective adjunct for the
management of un-united long-bone fractures [79,810]. However, the indication and
treatment strategies for the use of PEMF vary witkihe literature. The majority of
investigators do not start PEMF treatment untikatablished nonunion is diagnosed [11, 12,
13, 14], and others consider a late stage of délayéon (over énonths after fracture) as the
indication for its use [15, 16, 17]. Very few steslihave addressed the early application of
PEMF immediately after diagnosis of a delayed ur{mnabout 1&eeks after fracture) [18],
and no reports have specifically investigated tieaey of the early application of PEMF.
Long-bone fracture healing has been recognizednaerehestration of prompt hematoma
formation, inflammatory response, cell proliferatiand differentiation, followed by a long-
term process of ossification and remodeling [19c& the healing process is not considered
to be accomplished in the case of a delayed umanthopedics terms, the early intervention
of PEMF possesses the theoretical advantage ofivaticg the biological process of bone
repair, thereby facilitating fracture healing arabgibly shortening the treatment duration. In
the present study, the authors aimed to evaluateefficacy of early- applied PEMF on
postoperative delayed union of long-bone fractwés.hypothesized that the early application
of PEMF in patients with delayed union might leadan increased rate of fracture union
compared with sham-treated patients. The outcorhgssioperative delayed union of long-
bone fractures in patients treated with an earpliegtion of PEMF after the delayed union
diagnosis were evaluated and compared with theptatreated controls.

Device DescripTioN

PULSED LOW-FREQUENCY ELECTROMAGNETIC FIELDSThe pulsed low-frequency (< 50Hz;
~7THz) electromagnetic fields (1b) belong to the €lagnon ionizing radiations, that is, they
are characterized by an associated energy belowV12electron-Volt). Such an energy is
insufficient both to turn on ionization phenomenamolecules and to break even very weak
chemical bonds. For this reason in the last dectitese radiations have not been considered
able to interact with biological systems and, &sm@sequence, the studies on this subject were
scarce and information poor, especially when coeygbavith the great amount of knowledge
concerning the interactions among ionizing radraiand biological systems (2b). Only
recently, due to the more and more common useecfremagnetic fields of different intensity
and frequencies (3b), a vast research activity 5@HBb-7b-8b-9b-10b-11b) has started,
addresses to the definition of their main biolobarad therapeutic effects, on which are based
the exposition thresholds currently recommended.

DIAMAGNETISM: The diamagnetism works on hydrogen atoms. Indekdn a hydrogen atom

is covalently bound to a strongly electronegatit@ma as for example the oxygen, the bond
electrons tend to move toward the latter. As a equence, the H atom assumes a partial but
consistent positive charge. This charge, distridhutea small volume, lead to a high electric
charge density. At this point, the hydrogen atomdseto bind with a partially negatively
charged atom (the oxygen atom of a different watelecule) in this way acquiring a greater
stability neutralizing its electric charge.

A single water molecule does not feel any net fosiece it is subject to the action of the
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surrounding molecules that are uniformly distrilslibe any direction of the three-dimensional
space. The liquid water consists in a disorderesvor& of molecules, bound together by
relatively weak chemical bonds. Such a networkastiouously subject to fluctuations that
randomly break and create new bonds among the mielkedue to these characteristics the
water does not have a proper dipole magnetic moraedtit is repelled by an external
magnetic field (diamagnetism). The PEMF - CTU PERISa, is a device of molecular
diamagnetic acceleration. It uses an energy ofau@Q0 Joule, generating high power (2
Tesla), pulsating fields and developing a watentsipe force with the following main
therapeutic aims:

« liquids transport;

« tissue biostimulation.
Liquids transport: as a result of diamagnetic rejpul, the free water in the extracellular
compartments is fiercely pushed away from the fiafublication site. The transport of
extracellular liquids helps the oedema and postrtietic effusions reabsorption and the
scoriae removal, and stimulate the lymphatic catah and related phenomena also thanks to
the vasodilatation draining action produced by dreghermia coupled with PEMF (CTU —
PERISO sa). In addition, the magnetic field workstloe intracellular liquids, increasing their
mobility. The increase of the thermal molecular iton supports the cells biochemical
activity as well as the mitochondrial and phagisdsomal metabolic mechanisms. The result
is a beneficial acceleration of all energetic, raeti@ and cellular activities like ionic transport,
scoriae removal and cellular breathing.
Tissue biostimulation: a variable magnetic fielbssing a conductor induces an electric
current. The human body is a conductor, that wheis crossed by a magnetic field the
phenomenon of biostimulation occurs. The actiomafnetic fields is well described in terms
of bioelectric parallelisms existing among cellglf}, since it acts on the difference of electric
potential on the membrane sides as well as on tieatation af the circulating atoms that
behave as elementary magnetic dipoles (13b, 14b).

M ATeERIALS AND M ETHODS

This was prospective, randomized controlled studial of 58 long-bone fracture patients,
who presented with delayed union of betweemw&éks and @nonths, were randomly split
into two groups and subjected to an early appboatf PEMF CTU — MEDICAL DEVICE —
PERISO sa, or sham treatment. Clinical and radicibgassessments were performed to
evaluate the healing status. Treatment efficacyagaessed at three month intervals.

Srupy Setection CRITERIA
TyYPES OF STUDIES, PARTICIPANTS AND | NTERVENTIONS | NCLUDED
Once included in the study, the patient was bliraigigned into the PEMF treatment group
(Group 1) or the control group (Group 2) accordingrandomly generated numbers. The
treatment commenced immediately after enroliment.
e In Group 1, PEMF using a real (Magnetic Field=2laektensity=90 J; frequency of
impulses=7Hz; duration=30minutes/session).
« In Group 2, the coil was applied for 30min/day wéttsham signal generator from the
same manufacturer (Fig.2).
Therefore, patients were blinded to the treatmBnitected weight bearing was encouraged
unless it compromised the stability of the fractueeea. All patients were requested to record
their potential discomfort and the duration of theatment. They were also asked to refrain
from smoking, alcohol abuse, or additional formshafrapy during the study period. Biweekly
contact through phone calls was performed by twearch assistants to exclude patients with
poor compliance.

ExcLusion CRITERIA
The exclusion criteria consisted of implant loosgnior failure, infection, established
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nonunion (healing failure after more thaménths, without any clinical or radiographic sign
of progression to union within the lastm@nths) [20], a fracture gap greater thannb
and the presence of the implant within the tinec gap [11]. Before performing the
treatments with PEMF CTU Medical Device — PERISQaththe patients received a clinical
evaluation to detect:

¢ Unsuitable physiological states

* Presence of ferromagnetic material within the aofalse body to be treated.

In addition the Patients with metabolic disorderravexcluded as were those patients who
received medications that could affect fracturelinggd18, 20]. Patients with Open Physis,
terminal illnesses/malignancies, pregnancy or lafkcontraception use in women of
childbearing age, and use of pacemaker or any imtgaleelectrical device were excluded, and
ferromagnetic parts

Benerm/Risk

No Risks, Dangers, Adverse Reactions have beewmiatsh with the use of the CTU Medical
Device — PERISO sa, even outside the protocols. ideel CTU Medical Device PERISO sa,
respects all GnicAaL SaFeTy Standards.

Types OF Outcome M EASURES

Clinical and radiological assessments were perfdrmenthly following commencement of
the treatment. Clinical evaluations of pain wheesded and motion at the fracture site were
carried out by two senior surgeons independentliip wvere blinded to the grouping
information. The consensus was derived from furtiscussion if necessary. Another two
blinded surgeons reviewed the anteroposterior ateddl radiographs of the fracture to assess
cortical bridging. Union was considered positiveewtihere was no pain during joint stressing
or during motion at the fracture site, and calluslding was present for three out of four
cortices on orthogonal radiographs [21]. Treatnvest ceased in all patients when union was
achieved or no radiographic progress to union wesewed for a continuous three-month
period (Figurd).

M eTHODS

Between April 2014 and September 2016, patients paistoperative delayed union of long-
bone fracture were recruited from the outpatiemicl A flowchart of the study is presented
in Figure 1 (Fig. 1). During the baseline assessyrateroposterior and lateral radiographs
were taken to address the fracture healing stamalsthe fixation method. Data on the
demographic characteristics, co-morbidity, medarathistory, lifestyle habits, fracture type,
soft tissue condition were collected, as was infdrom on the surgery and postoperative
rehabilitation. Delayed union was defined as aufailto heal after at least w6eks and not
more than @onths following surgical reduction and fixati of the fracture [12, 18].
Radiographically, healing failure was identified evhcallus bridging was not observed in
more than three cortices on biplane radiographs.
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Fig. 1
Flowchart of the study
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Endpoint

The authors had intended to initiate interventiénvieks after fracture for each patient, but
not all patients were referred to the clinic in @inTherefore, patients were included in the
study if they were enrolled between vi€eks and fhonths postoperatively. A power

analysis was conducted to estimate the sample witte reference to a previously reported
randomized controlled trial that achieved a uniate of 89% in PEMF (CTU — PERISO sa)

(Fig. 2) treated tibial nonunion cases compareth &it50% union rate in the sham-treated
controls [13]. To detect the similar change in unrate with 80% power in our study, we

required more than 48 patients

Fig. 2
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SEARCH STRATEGY

Medline, Embase, and the Cochrane Central Regé®ontrolled Trials (CENTRAL) were
searched from the inception of each database t&dfiember 2016. The Medline and
Embase databases were searched together via wwasermbm. The search was conducted
using the keywords tibial, union, non-union, dethy&actures, PEMF, radiographic
evidence, bridging callus, tibial x-rays, and itsAtemited to RCTs (List 1). Additionally, all
of the available reviews related to tibial fracgikeere manually screened for any additional
possibly relevant studies. No language limit wadied.

List 1 Search Strategy used in www.embase.com [stegpep):

1 ‘tibial’ OR ‘tibia’/exp

2 ‘Humerus’

3'Ulna’

4 ‘Radius’

5 ‘Femur’

6 ‘union’ OR ‘union’/exp

7 ‘non-union’ OR ‘non-union’/exp

8 ‘nonunion’” OR ‘nonunion’/exp

9#1 OR #2 OR #3 OR #4

10 fractures (7) #7 #5 AND #6

11 tibial union, nonunion/exp

12 #3 #4 OR #5 #6

13 random: ab,ti OR factorial: ab,ti OR crasswab,iNOR placebo :alfi OR control
:ab,ti OR trial:ab,ti OR group: ab,ti OR ‘crossovprocedure’/exp OR ‘single blind
procedure’/exp OR ‘double blind procedure’/exp QBndomized controlled trial'/ex 3 #4
#5 AND #6 #7.

STATISTIC ANALYSIS

STATISTICAL METHODS

Group demographics were compared using indepertdest or Fisher's exact test. The
successful rate of fracture union was calculatéer dhree months of treatment and at the
end of the study in each group, with the differehetveen groups compared with Fisher's
exact test. SPSS version 15.0 software (SPSS Imca@o, IL) was used and the level of
significance was set as 0.05.

ResuLTs

During the study period, 92 patients with delayedwon were recruited, with 64 patients
meeting our inclusion criteria for early PEMF omshtreatment initiated ieeks and not
more than éonths postoperatively (Figukte Four patients dropped out after a short period
of treatment, and another two patients, who receherbal supplements during the study,
were excluded
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Treatment group Control group P Value
MNo. of patients 3 27
Age (Yr. ) 41.1+14.5 (range 19t0 68) 38.4+11.6 (range 20 to 62) 0.450
Fracture Site (No. of patients) 0.439
Femur 10 14
Tibia 16 9
Humerus 3 2
Radius and/or Ulna 2 2
Methods of Fixation 0.430
Plate 18 12
Intramedullary Nail 13 15
Elapsed Time before 48+0.9 (range 4 to 6) 5.1+0.38 (range 4 to 6) 0.238
Treatment (Mo. )*
Duration of Treatment (Mo. }* 48+23 (range 2 to 12) 44+16 (range 2to 7) 0.489
Rate of fracture union (3 Mo.) 38.7% 22.2% 0.256
Rate of fracture union 77.4% 48.1% 0.029
(Endpoint)
Total Time from Operation to 96+23 (range 7 to 17) 95+15(range 7 to 12) 0.849

Endpoint (AMo. )"

The remaining 58 patients were included for siatistanalysis. Patient demographics
(Tablel) were comparable between the two groupgh wo significant differences
determined for patient age {@450), fracture site 9.439), or method of fixation
(P=0.430).

A total of 31 patients received PEMF CTU — MEDICBIEVICE — PERISO sa treatment,
while the remaining 27 cases were assigned todgha group (Tablg). Before treatment,
the average elapsed time since fracture operataye w.8nonths and 5rhonths in the two
groups, respectively €®.238). Following three months of treatmer, dases achieved
union with a success rate of 38.7% (95% confidentval (Cl), 0.21 to 0.57) in Group 1
(Figure3). Meanwhile, the fracture union success rate 22a8% (6 out of 27, 95% CI, 0.08
to 0.42) for Group 2, which was slightly lowdran that for Group 1 €®.256), but not
statistically significant. The relative risk of étare union was 1.74 (95% ClI, 0.76 to 4.01).
Radiographic progress to union was observed in dtiemts in each of the groups, who
subsequently received extended PEMF or sham treatme the end of the study, the
average lengths of treatment wereroBiths and 4#honths in the two groups £P.489),
with a union rate of 77.4% (24 out of 3B% CI, 0.58 to 0.90) in Group 1 (Figdire
compared with a union rate of 48.1% (13 out of 2% CI, 0.28 to 0.68) in Group 2
(P=0.029, Tabl&). The relative risk of fracture union was 1.65%9Cl, 1.04 to 2.48). The
total times from operation to the end ot tetudy were averaged at rfAdhths and
9.5months in Group 1 and Group 2 respectivelg{B49). No discomfort was reported by
the patients in either group during treatment.
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Figure 3
Delayed union of tibia fracture treated with PEMF. (a) A delayed union of tibia fracture was observed Bb-year-old male patient following close reduitti
and intramedullary fixation Meeks ago. PEMF treatment was initiatdy);Kracture union was observed aftendhths of treatment.

Figure 4
Delayed union of femoral fracture treated with PEMF. () PEMF treatment was started in a 59-year-old mpate&nt who received reduction and intramedullary
fixation Smonths ago;k) Radiographies showed progress to union follov@impnths of treatmentc) Fracture united aftemBonths of treatment.
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Discussion

In this randomized controlled study, we investigat®er the first time, the clinical efficacy
of the early application of PEMF CTU — MEDICAL DERE — PERISO sa treatment in
postoperative delayed union of long-bone fractufesllowing three months of PEMF
treatment, patients showed a higher rate of un8h700) than the sham-treated patients
(22.2%), but this difference failed to achieveistatal significance. At the end of the study,
PEMF treatment, conducted for an average duratioh8months, led to a success rate of
77.4%, which is significantly higher than that retcontrol group (48.1%).

Clinically, the concepts and techniques surroundireggsurgical management of long-bone
fractures have evolved rapidly in recent decadssc@nparison, the ensuing individual
progress of fracture healing, in terms of biolofjaad mechanical changes after surgery, has
been poorly examined, despite the impaired healatg of 5-10% in long-bone fracture
patients. Among the multidisciplinary approacheplased to treat delayed union and
nonunion fractures, the majority of studies employ use of invasive procedures, such as
surgical debridement, bone grafting and harvestimgpcal injections [22, 23], and hence,
these procedures have been primarily examined tabkshed nonunions. For delayed
unions, noninvasive interventions, such as PEME, @eferred before further invasive
procedures are considered [4, 24].

The original aim for this study was to instigate MFE treatment immediately after the
diagnosis of a postoperative delayed union (avebks after fracture). In our opinion, an
earlier intervention is likely to be more effectibecause of the potentially deteriorated state
of the biological environment after Wéeks of delayed union or nonunion [25, 26].
However in most published trials, PEMF stiatidn was deferred untilnonths or later
after fracture, with very few studies addressing éarly application of PEMF in patients
with delayed union. Sharrard conducted a randomipedrolled trial with PEMF treatment
initiated on patients with tibial delayed unionslétto 32veeks after fracture [18]. Although
the results revealed a significantly higher ratemibn than the control, the authors did not
specify the information and outcomes pertainingthe patients who received earlier
intervention. A case series by Bassett addressedftact of PEMF on 125 cases of delayed
union and nonunion [27], with the earliest intervem started at four months after fracture.
However, here again, the author only presentedvkeall success rate of the patients treated
with PEMF within the nine month study period, withclarifying the impact of an early
application of PEMF treatment. Similarly, in a rejppby Colson, there was a lack of
consideration of the early effects of PEMF amor8stases of long-bone delayed union or
nonunion with treatment commenced from 2 torh@fths after fracture [28]. As such, our
study provides pertinent evidence for the earliagiion of PEMF on the delayed union of
long-bone fractures.

The success rate following PEMF treatment in delaysion or nonunion varies
dramatically (15.4-93.9%) across published studigsto different parametric settings and
treatment strategies [28, 29]. Considering stugigs more than 30 subjects enrolled for
PEMF treatment (a total of 12 studies, as summai®eGriffin), the average success rate
was 80.1% (ranging from 67.6% to 93.9%) [10]. Pexamined a case series on established
nonunions and achieved a success rate of 76—794Thdse results are comparable with
the final success rate in our study (77.4%), demtnatisg the similar stimulative effect of
PEMF on delayed union, despite its earlier appboain the present study. Therefore, our
“sooner rather than later” hypothesis did not nsagly prevail for the clinical efficacy of
PEMF. A recent report by Adie on the negative @ftddEMF on acute tibial shaft fractures
further supports this [30].

Considering the treatment duration, no significdifference was observed between the
groups in our study. However, the total time froracture surgery to the end of PEMF
treatment was obviously shortened in our studyni@i@hs on average) compared with that
in other studies who initiated PEMF stimulationeafa postoperative window ofn®nths,

or longer in some cases (over hiohths in Heckman's study, and Ihdhths in de
Haas’s study) [15, 16], not to mention the studid®rein PEMF treatment was applied in
established nonunions. The early application of PBkatment, therefore, benefitted the
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patients by reducing the fracture suffering time.clinical practice, PEMF treatment for
delayed unions should be considered and initiaseebaly as possible, making patients fully
aware of the success rate but also the increastd co

At present, a definitive reason for the occurrentea delayed union remains far from
conclusive [31]. Both systemic and local factors believed to be involved [23, 32]. In our
study, strict inclusion and exclusion criteria weet with reference to previously published
clinical trials to rule out the interference of émmnding variables such as metabolic disease,
medication, smoking, alcohol abuse, infection, anthvorable reduction or fixation from
previous operations [11, 18, 20]. However, thereewseveral factors constrained by
practicality that may have influenced the outcofrer instance, the degree and extent of
local damage caused by the accident or previousabpe was difficult to trace. Further,
patient activity levels, as a subject-related fgatould not be standardized during the study
period, despite our recommendations for protecteigjt bearing. Another limitation of the
present study was the relatively small numbersatiept for each fracture site or fixation
method. We therefore could only draw an overallchasion. Besides, serum biochemical
markers were not measured in this study, which pwgntially shed light on the biological
mechanism of the early application of PEMF treatinen

CoNcLusION

In conclusion, within the limitations discussed adothe early application of PEMF CTU —
MEDICAL DEVICE — PERISO sa treatment, promotes tniae healing and leads to a
significantly increased rate of union compared wiie sham treatment. Even though the
final success rate in this study was not supeodhat measured in other PEMF trials, we
show that our patients benefitted from a reducestailvsuffering time between fracture and
repair.
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