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summary

In Orthopedic surgery, the correct exccu-
tion of cach operation requires a meticu-
fous knowledge of anatomy, a well
planned surgical procedure and the cor-
rect use of specific instruments that al-
low the necessary level of precision re-
quired.

The purpose of this paper is to evaluate
the results of a new piezoelectric instru-
ment in orthopedic surgery in cases
where there are anatomic difficulties due
to the particular {ineness of the structure,
a lack of intra-operative visibility or due
Lo the adjacency to the spinal cord or vas-
cular pervous tract, where the use of oth-
er osteotomy instruments prove to be dil-
ficult to control and often risky.

Three orthopedic surgeries were per-
formed on dogs affected by different
pathologies using a new surgical device
(Mectron Piezosurgery®).

Intra-operative clinical evaluations were
undertaken o determine the characteris-
tics of the micro-metric and selective
piezoelectric cut, which is cffective on
bone tissue but inactive on soft tissues.
The operating site was blood free with
greater intra-operatory visibility than
that offered by traditional instruments.
The histological examinations carried
out on the cut surfaces of all the os-

tcomitized scgments show the presence
of live ostcocytes. This proves the re-
duced trauma of the piezoclectric cut.

All the surgeries were followed by an ex-
cellent post-operative healing period

Orthopedics Clinic. University of Genoa, faly.
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Riassunto

In Oriopedia la corretia esecuzione di
ogni intervento chirurgico richiede una
meticolosa conoscenza di anatomia, I im-
piego di una procedura chirurgica ben
planificata e il corietto uso di strumenti
specifici che consentono di ragginungere il
livello di precisione necessario.

Lo scopo di guesto articolo é di valutare |
sisultati di un nuovo swrunenio piccoeler-
trico in Chirurgia Ortopedica nei casi in
cui of siano difficolta anatomiche dovute
allu purticolare delicatezza della struttu-
res ad una mancanza di visibilita intra-
operatoria, alla vicinanza del midollo spi-
nale o del fuscio vascolo nervoso ¢ dove
lMuso degli strionenti tradizionali risulta
di difficile controllo nell’ eseguire I osteo-
tonia e pertanto risulta difficile ¢ spesso
risclioso per le possibili complicanze po-
st-chirurgiche.

Sono state eseguite 3 chirurgie ortopedi-
che su cani affenti da differenti patologie
usando un nuwovo appurecchio chirurgico
{Mectron Piezosurgery®).

Le valutazioni cliniche intra-operatorie
sona stute eseguite per determinare che il
taglio piecoclettrico. il guale é selettivo e
miciometrico, é efficace sul tessuto osseo,
ma inattivo sl tessuti molli, inoltre il
campo chirurgico esangue ha offerto unu
maggiore visibilita intra-operatoria du
quella che si riscontra con uso degli
strumenti tradizionali. GIi esami istologi-
ci sulla supeificie del taglio di tueti i seg-
menit asteotomizzati fianno evidenziato la
presenza di osteociti vitali (nucleati} a di-
mostrazione della ridotta trawmaticita del
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Résume

Dans la chirurgie orthopédique, Uexécution
exacte de chaque opération cxige unc con-
naissance meéticuleuse d anatomice, une
procédure chirurgicale planifiée. et 'usage
exact d'instruments spécitiques qui permet-
tent Ie niveau nécessaire de précision exigé.
Le but de cet article sera d’évaluer les résul-
tats d’un nouvel instrument piézo-électrique
dans la chirurgic orthopédigue, dans des cas
ol il y ait des difficultés anatomiques 2
cause de la finesse particuliere de la struc-
ture, d'une manque de visibilité ou de la
proximité & la corde vertébrale ou aux tissus
vasculaires nerveux, ol 'usage d’autres in-
struments de ostéotomic peut se révéler dif-
ficile a régler et souvent risqué.

Trois chirurgies orthopédiques ont été exé-
cutées sur des chiens affectés par des
pathologies différentes en utilisant un nouv-
el appareil chirurgical (Mectron Piezo-
surgery®).

Les évalutations cliniques opératives ont été
entreprises pour déterminer les caractéris-
tiques de la coupure piezo-Slectrique micro
métrique et sélective, qui est efficace sur le
tissu d’os mais inactive sur des tissus doux.
Le site opére étail sans sang avec une visi-
bilité intra-opératoire plus grande par rap-
port aux instruments traditionnels. Les exa-
mens histologiques exécutés sur les sur-
laces de coupure de tous les scgments
d’ostéotomie montre la présence d ostéo-
cytes en vie. Cela prouve le réduit trauma-
tisme de la coupure pi¢zo-électrique. Toutes
les chirurgics ont &t suivies par unc excel-
lente période posl-opératoire avec une ab-
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with an absence of complications and a
fast recovery of functions.

tuglio piczoclettrico. Tuire le chirwrgie
sono state motitorate nel periodo di gua-

sence de complications ot un rétablisse-
ment rapide de fonctions.

rigione ¢ con wia assenza di complica-
Zioni post-operative ¢ un veloce recupero

delle funzioni.

introduction

Over the last ten years orthopedic bone surgery has be-
gun an unending process researching important techno-
logical innovations that have improved clinical results
especially in the fields of arthroscopic, prosthetic and
vertebral surgery.

Using techniques of great precision improves the clini-
cal results and produces a reduction in morbidity for the
patient, especially in osteoarticular regions.

The osteotomies for the treatment of various orthopedic
pathologies (of alignment, of centering, of removal etc.)
have been performed, over the years, with instruments
of increasing precision and of smaller dimensions. The
characterizations of the cut have been developed fol-
lowing a gradual evolution of the existing manual in-
struments (scalpels. gouges, Gigli saws etc.) by motor-
izing them. Thus, various motorized instruments have
been developed (using electric or pneumatic encrgy)

Fig. 1. Cranial-dorsal luxation of the right femur and fracture of
the acetebular rime.

that are able to perform a mechanical cut, taking advan-
tage of the rotation of burs or the oscillation of saws.
These instruments however, damage bone tissue due to
their mechanical and thermal effccts.

Therefore, the Mectron Piezoelectric” device was de-
signed to overcome the limits of traditional instruments
of bone surgery.

The choice of instrument is correlated to different factors.
including the site of the operation. the morphology and
densito-mectric characteristics of the skeletal segments.
the type of operation and the level of precision needed.
The purpose of this paper is to present a pilot study that
evaluates the fundamental characteristics of piczoelec-
tric instruments in orthopedic surgery.

Materials and method

Three dogs. with different orthopedic lesions were
brought in by their owners to the surgical unit of the Vet-
erinary Faculty and operated on using three different
types of ostecotomy. The osteotomies were performed on
the dogs using a specifically engincered device for sim-
plified bone surgery (Mectron Piezosurgery™).

The Mectron Piczosurgery® device consists of a platform
with a very powerful piezoelectric hand-picce with a
functional frequency of 25 to 29 KHz and the possibility

r
Fig. 2. The blood free piezoelectric ostectomy site.



Fig. 3. Osteotomy performed.

PIEZOELECTRIC QSTZOTOVY IN ORTHOPELDICS

Fig. 4. Perfectly smcoth surface of respecting the soft tissue
the cut.

of a digital modulation of 30 HZ. The inserts move with
linear vibrations between 60 and 210pm, providing the
hand-piece with power exceeding 5 W and a high pow-
ered pump that emits a physiological solution.

Case one

Dalmatian dog, 7 years old, male, weighing 28 kg, was
run over by a car three days before the observation.

It was evident that the animal was not putiing weight on
the right hind limb, which was slighty (lexed at the
knee and with an extra-rotated paw. During movement
the dog did not use the right hind limb.

The examination of the right hemi-pelvis showed an in-
crease in the space betwcen the tuber ischii and the corre-
sponding trochanter with a reduction of the distance be-
tween the trochanter and the top of the wing of the ilcum.
The posterior extension of both hind limbs showed a
shortening of the right limb in comparison to the left and
was causing pain, exacerbated during passive flexing, cx-
tension, adduction and abduction of the right hind limb.
Moreover, noises were present due to the contact between
the femoral head and the acetabular rime.

The clinical examination and x-ray of the region showed
a cranial-dorsal luxation of the femur complicated by a
hair-line fracture of the acetebular rime (Fig. 1). The di-
agnosis indicated the necessity of a femoral head and neck

excision 1o allow the formation of a fibrous false joint *.
The surgery was performed using a caudo-lateral ap-
proach to the hip joint. The ostectomy was performed
using piezoelectric instruments. No operating risk or
difficulty was noted (Fig. 2).

The osteotomized surfaces were linear, regular with nor-
mal appearance and color, without pigmentation (Figs. 3
and 4).

One month after the operation the animal began to lean
on the right limb both in a resting position and while
stepping or trotting, with a standard post-operative heal-
ing period and without any complications.

Case two

Mongrel dog, female, 9 months old, weighing 12 kg.
The owner referred to a previous trauma in the right fore
limb. The animal had a posture indicating a minor ante-
rior curvature of the radius and an outward rotation of
the paw with pain in the carpal region.

The x-ray examination of the foreleg in the fundamental
orthogonal projection, showed a previous fracture of the
styloid process of the ulna and a premature closure of
the distal ulna physis and a valgus deformity of the paw
(Fig. 5) -

To obtain a realignment of the radius and to avoid fur-
ther damage to the carpus and clbow, an ostectomy was
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Fig. 5. Fracture of the styloid process associated with deformity
of the radius.

performed exploiting the residual growth capabilitics of
the radial bone ¥, The ostectomy was performed using
piezoelectric surgical instruments and was done quickly
and casily (Figs. 6 and 7).

The post-operative healing period followed the normal
evolution ol the osteotomy of the ulna and, one month
alter the operation, it was possible to observe a good
functional recovery of the affected limb as well as a
lengthening of the radius.

Case three

Bulldog., male, 7 yeuars old. weighing 28 kg.

It was brought in for observation for paraparesis and in-
continence. The animal presented paraparesis and atony
of the posterior quarter without central neurological
damage but with polypnea. It had stopped walking and
was dragging itself around with difficulty by its posteri-
or limbs. When it was still, it sat with its posterior limbs
extended in front of it.

The neurological examination showed a muscular tone
and trophism reduced more on the left than the right
hind limb.

The examination of the postural reactions showed a re-
duction of the reflex of the postural reflex extensor.

Fig. 7. Post-cperative x-ray of ulnar Mectron Picozurgery®
ostectomy.




Fig. 8. The X-ray shows lumbosacral compression.

PILZOFLZCTR C OSTESTOMY IN 2RTHOPEDICS

Fig. 9. Intra-cperative picture of the laminectomy performed
using piezoelectric surgery.

The examination of the spinal reflex showed an increase

in the patella reflex in the bilateral form. the presence of

deep sensitivity and an absence of the extensor reflex.
Still crossed in bilateral form, a reduction in the pan-
niculus, perineal and anal reflex.

The direct radiographic examination showed lumbro-
scral syndesmophytis with a reduction of the [um-
bosocral angle “*. The radiographic exam {(myclography
and epidurography) showed a lumbosocral compression
with Cauda Equina Syndrome 7 (Fig. 8).

A lumboscral decompression was performed using
piczoelectric surgery (Fig. 9) and onc week afier the op-
cration the animal had recovered the spinal patella re-
flex and gastrocnemius reflex in both limbs and the re-
covery of the panniculus reflex.

Results

The parameters used in this study to evaluate the results of
the piezoeleciric osteotomy technique were the following:
= Chnical evaluations;

= Radiographic evaluations;

« Histological evaluations.

CLINICAL EVALUATIONS

[ntra-operative

Characteristics of the piczoelectric osteotomy:

+ Simplicity and safety while cutting;

»  Precision of the micro-metric cut;

= No bleeding in the operating site with excellent visi-
bility of the anatomical structures;

» The timc needed 1o perform the piezoelectric os-
teotomy was slightly higher than performing the
procedure using rotating mechanical and oscillat-
ing instruments.

Post-operative

+ Excellent post-operative healing period;
= Absence of complications:

= Fast recovery of functions.

RADIOGRAPHIC EVALUATIONS

The presence of the lesion before the operation and the
perfect lincarity and precision of the osteotomy after the
surgery can be demonstrated by the radiographs.

HISTOLOGICAL RESULTS

Macroscopic results

Perfect integrity of the osteotomized surfaces with a cut
that was clean. regular and without impertections or pig-
mentation.

Microscopic results

The bone surface that was cut using the piczoclectric de-
vice showed no sign of lesions to the mincralized tissues
and presented live osteocytes with no sign of cellular
suffering ®.

Discussion

The piczoelectric osteotomy difTerentiates itself from
other techniques by its micro-metric and sclective cut
and by the blood free operating site °.

Micro-metric bone cut, because the insert works on
the bone using mechanical vibrations of between 60 ~
100 microns, thercefore it is a microscopic cut that is
made with a frequency ol 29.000 times a second pro-
ducing a cutting speed slightly inferior to that of bone
saws or bone burs. but not significant in the economy
of the surgical operation. The precision of the cut can
in fact, be the determining element in the therapeutic
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success of the operation especially in difficult anatom-
ic situations .

Sclective bone cut, because the piezoclectric device that
generates these vibrations uses low Irequency ultrason-
ic waves (22-30 Hz) and therefore performs a selective
cut where the insert works only on mineralized tissue
whilst being inctfective on soft tissue (to cut soft tissue
higher frequency waves need to be utilized).

These characteristics, highlighted in this work, confirm
the results obtained in surgery to the maxillary sinus for
implant purposes, modifying the success rate (non-per-
foration of the sinus membrane) [rom 70% to 95% ''.

A blood free operating site: the inter-operative irrigation
is done using a jet of physiological solution that is sub-
ject to ultrasonic vibrations, breaking up the liquid nto
very small particles that, apart from excellently cooling
down the bone surface, also make the operating site
blood free, offering maximum visibility.

This pilot study was conducted on dogs affected by di-
verse pathologies in various anatomical zones. with dil-
ferent morphologies. This allowed us to test the cffec-
tiveness of the technique and the device, the precision of
the cut and above all, through the histological results, to
note the absence of negative phenomena.

The ostcotomy performed for the head and neck exci-
sion and for the ulnar osicotomy were simple to per-
form. The precision and safety of the piezoelectric cut
were particularly useful in the lumbosacral jaminectomy
to allow the decompression of cauda equina, without
risk of mechanical solt tissue damage.

The osteotomy was particularly simple to perform on
fine bones. The post-operative return of functions to
the animal. without neurological damage, confirmed
the instruments non-aggressivencss towards soft tis-
sues that were, for experimental purposes, voluntarily
brought into contact with the hand piece for several
moments (as can occur as an operating error) without
any damage.

The distinguishing data of this first applied study using
piezoelectric technology in bone surgery is represented
by the histomorphologic results obtained from the 0s-
teotomized surfaces. This data confirmed the macro-
scopic data obtained from the osteotomized sites, that 1s
the complete cleanness of the bone surface, without any
necrosis, pigmentation, evident phenomena often pre-
sent in areas osteotomized by other motorized instru-
ments, or areas of irregularity on the bone evident in the
manual osteotomy 2 ',

The histological section shows the absolute absence of
necrosis with a complete vitality of the osteocytes of
normal dimensions and morphology with no evidence of
cellular suffering (Fig 10).

Fig. 10. Histclogical examinaticn of the cut surface of the me-
dulla ossium (magnified X 40) showing present osteocytes with
non-coagulated nor damaged nucleus.

conclusion

The preliminary clinical and histomorphological results
of this study confirm the effectivencss of the piczoelec-
tric osteotomy in orthopedic surgery.

The operating site was notable for its unique visibility.
This phenomenon is duc to the jet of the irrigating phys-
jological solution subject to ultrasonic vibrations. The
characteristics of the precision of the micro-metric and
selective cut are demonstrated advantageously in the
different anatomic situations treated.

The piezoelectric cut is in fact eflective only on miner-
alized tissues, yel inactive on soft tissues, a fact that is
particularly relevant to the vertebral ostcotomy due to
the maximum respect paid to ncurological structures.
This fact can be added to the results obtained on humans
in surgery to the maxilla sinus. The reduced aggressive-
ness towards bone structures in respect to traditional
cutting methods implicates a different surgical dexterity
and a slight increase in operating time insignificant to
the economy of the operation.

The piczoelectric cut is characterized by osteotomy sur-
faces that arc perfectly linear, smooth and without pig-
mentation, irregularity or apparent signs of overheating.
The microscopic exam shows the presence of live 0s-
teocytes with no signs of cellular damage.

This pilot study in orthopedic surgery proves the ex-
treme precision and safety of the piezoclectric cut and
therefore, even though if is a new method, confirms the
validity and the effectiveness of its use in bone surgery.
Although the number of cases trcated 1s small. the re-
sults are very promising.
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