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<> Currently a wide range of instruments for surgical procedures on the bony structures of the orbits is
offered. Each of them has its advantages and disadvantages. Cutter causes less injury, in comparison with
a chisel or an ultrasonic saw [15]. In using a drill during surgery there was an increase in temperature of
bone edge of the opening above acceptable values [17]. The use of low frequency ultrasonic tools allows you
to create holes in the bones of any desired size and shape with smooth edges [5, 11, 16, 20]. The disad-
vantages of this method include the heating of tool’s tip up to 140° during prolonged continuous action [6].
Thus, techniques using tools for formation of the bone window require further study and improvement.
Aim: to compare surgical equipment for bone window formation in modeling an orbital decompression.
Materials and methods. In an experimental study in vivo, 12 surgical interventions on the scapula on
both sides were performed in 6 Chinchilla breed rabbits. On the right side, the formation of a bone window
was carried out by the ultrasonic bone scalpel MISONIX, on the left side — by a drill. Results. It was found
that during first 7-21 days there was more pronounced inflammation of soft tissues on the left side. At the
same time, delayed proliferation and maturation of fibrous connective tissue was observed in comparison
to the opposite side. Bone tissue inflammation and subsequent regeneration took place without significant
differences on both sides. The experiment showed that the use of ultrasonic scalpel in flat bones creates
less inflammation of surrounding tissues and the bone itself as compared to a diode laser. A.V. Kravchenko
(2006) reports that, after exposure to a diode laser in an acute experiment there was a scalloped edge
with an area of photocarbonization (charring) on the 7th and the 21st day; while the use of an ultrasonic
scalpel did not create any signs of infiltrative inflammation, later on a nonspecific inflammation developed.
Conclusion. Ultrasonic scalpel has a number of advantages when performing osteoperforation, such as
time-saving during surgical procedure, control of the osteotomy process, less trauma to surrounding tissues
during action and less pronounced inflammatory response of the wound during early postoperative period.

<> Keywords: osteotomy; ultrasonic scalpel; modeling of the orbital decompression.
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<> B HacTosiiuit MOMEHT npejiaraetcst 60JbIIOH BLIGOP HHCTPYMEHTOB JIJIsT XHPYPrUUECKHX BMEIIATEILCTB Ha
KOCTHBIX CTPYKTypax opOuT. KaKziblil U3 HUX HMEET CBOH IOCTOMHCTBA M HelocTaTKi. Ppe3a HAHOCUT MEHBIITYI0
TpaBMy B CpPaBHEHHH C JIOJOTOM MJIH YJIbTpa3ByKoBoH nusok [15]. T1pu ucnonb3oBaHu# 3JeKTPOpeM BO BpeMs
ornepalMi 0TMeYaJsoCh MOBbILIEHHE TeMIePaTypbl KOCTHOIO Kpast OTBEPCTHS BblllIe JIOMYCTUMbIX 3HaueHui [17].
[IprMeHeHHe HU3KOUACTOTHBIX YJIBTPA3BYyKOBbIX HHCTPYMEHTOB [103BOJISIET POPMUPOBATH OTBEPCTHSI B KOCTH JIIO-
6Oro HY>KHOT'0 pasmepa U OPMbI C POBHBIMU U IaIKUMH Kpasimu [, 11, 16, 20]. K HeflocTaTkam 1aHHON METOAMKH
OTHOCHTCsI HATPeB HAKOHEUHHKA HHCTPyMeHTa 10 140° npu utuTesibHO# HenpepbiBHOU paGoTe [6]. Takium o6pasom,
METOIHKH C HCMOJIb30BAHMEM HHCTPYMEHTOB /151 (DOPMUPOBAHHS «KOCTHOTO OKHa» TPeOyIOT AajibHEeHIIero 13-
y4eHusi U coBeplueHcTBoBanus. Ileas: poBecTy cpaBHEHHE XUPYPruueckoro o60pyoBaHus /1t GOPMUPOBAHHUS
«KOCTHOTO OKHa» MpPH MOJEJHPOBAHUM JleKoMIIpeccu opOuThl. Mamepuaast u memoodet. [lpn skcrnepumen-
TaJbHOM HCCJEI0BAHUM i1 vivo 6 Kpoaukam nopoas! LnHimiana BoinosHnan 12 onepaTHBHBIX BMEIIATEbCTB
Ha JIONaTouHOH KOCTH ¢ 06eux cTopoH. C MpaBoil CTOPOHBI «KOCTHOE OKHO» (POPMHUPOBAJIOCH YIBTPA3BYKOBBIM
KOCTHBbIM cKaJibriesieM MISONIX, cieBa — Gopmatunnoil. Pe3yasmamet. Bblio ycTaHOBJIEHO, UTO B MEPBbIE
7—21 cyT BOCTajieHne MSATKHX TKaHel ¢ JIeBOH CTOPOHbI OblI0 GoJiee BbIpaxKeHO. A Takxke oTMeuasach 3amel-
JieHHast npoJiudepalins ¥ co3peBaHue BOJOKHUCTON COETMHUTEbHON TKAHHU MO CPABHEHHIO C TIPOTHBOIOJIOKHON
cTopoHoii. [Ipoliecehl BocnasieHns U nocJ/efyioniell pereHepalin KOCTHOH TKAHW He UMEJH CYIIECTBEHHBIX OT-
JM4Ki ¢ o6enx cTopoH. [IpoBeaEHHBI! SKCIIEPUMEHT TT0Ka3aJl, YTO HCIMOJb30BAHHE YJILTPA3ByKOBOTO CKaJIbIeIs
Ha MJIOCKHUX KOCTAX CO3/1aéT MeHbllee BocnaJleHHe OKPY KaIOLLMX TKaHel 1 caMOil KOCTH 110 CPaBHEHHIO C IHOHBIM
gasepom. A.B. Kpasuenko (2006) cooGliiaer, 4to nocJie Bo3AeUCTBUS IMOHOrO Jia3epa B OCTPOM OIIbITe Orpee-
JiIcs pecTOHUAThIN Kpak ¢ 30HOH oToKapOoHu3alnu (06yranBanus) 1 Ha 7-e U 21-e CyTKH, UCTI0JIb30BaHUE XKe
YJIBTPa3ByKOBOI0 Jladepa He JaBaJio NPU3HAKOB HH(HIIBTPALMOHHOIO BOCNAJIEHHUS, B AaJbHelleM Pa3sBUBaJIOCh
Hecrelnduueckoe Bocnasnenne. Botgodot. YbTpa3ByKoBoOil CKaJiblesib UMEET Psijl PEUMYILLECTB MPH BbITOJIHE-
HUM ocTeornepdopalyil, Takue Kak SKOHOMHUsI BpeMEeHH MPH XHPYPruuecKoM BMellIaTe/beTBe, KOHTPOJIb Mpolecca
BBITIOJIHEHHS OCTEOTOMHM, MEHbIIAs TPaBMaTH3Aa1lHs OKPYKAIOIMX TKaHeH npu paboTe U B paHHEM MocJ/ieonepa-
IIMOHHOM TIepHOJIe, MeHee BbipaXKeHHast BOCNaUTeIbHast peaKiis ornepalioHHON paHbl.

<> Katrouesole cao8a: 0ocTeOTOMHUST; YJIbTPA3BYyKOBOMH CKaJbIle b, MOJEJIHPOBAHKE 1€KOMIIPECCHH OPOUTHI.

INTRODUCTION

The following surgical instruments are currently
used for the bony orbit: a chisel [28, 33, 35], va-
rious trepans [26], a bur [22, 25], a drill [36], and
mechanical and electrical milling cutters [2, 4, 14,
15, 18].

Most accessible and inexpensive instruments are
a hammer and a chisel; however, their use is associ-
ated with pain, damage to surrounding soft tissues
and bones, and the risk of retinal detachment in pa-
tients with myopia and aphakia [1, 9, 10].

The creation of a bone window in the orbit using
a bur or a Kerrison laminectomy punch with bone
ejector is a long and laborious process and may result
in an uneven cutting surface [3, 17].

A micro-shaver allows for the creation of the
bone window using the endonasal approach with
minimal damage as well as quick and accurate re-
moval of the bone tissue under visual control [7, 12,
19, 23, 24].

Histological bone examinations have demonstrat-
ed that the use of the milling cutter is less traumatic
compared with the chisel or the ultrasonic saw.

Milling cutters create a smooth cutting surface
and prevent pronounced primary burn necrosis in
the surrounding tissues and distant damage to the

vessels [15], facilitating the healing process and re-
covery [21].

Mechanical milling cutters ensure high effi-
ciency and good long-term results of the surgery
(83—88% of positive results), but are also associ-
ated with a significant increase in bone tempera-
ture (above the acceptable values) during the drilling
process [17].

Low-frequency ultrasonic instruments allow
creating bone windows with proper size, form,
and smooth edges even in floating bone frag-
ments in patients with facial bone injuries. These
instruments are convenient and low traumatic,
and they permit simultaneous removal of adhe-
sions and scar tissue [5, 11, 16, 20]. The main
drawback of this technique is the heating of the
device tip to up to 140 °F after its prolonged use,
resulting in charring of the bone edge and slow
healing. Therefore, it is necessary to cool the tip
every 20—30 s in a sterile saline solution, which
requires additional time [6]. Ultrasonic devices are
more likely to cause bleeding in the postoperative
period compared with radiowave and holmium la-
ser systems [8, 35].

D.A. Bobrov and V.S. Kozlov reported fibrination,
postoperative inflammation, granulation, and scar-
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ring after mechanical damage to bone and soft tissue
caused by various surgical instruments.

In 2004, Vercellotti developed a new osteotomy
technique with an ultrasonic surgical device to
ensure higher accuracy and safety compared with
the manual or motorized instruments for bone sur-
gery [34].

Heinemann et al. reported increased heat genera-
tion by the ultrasonic scaler compared with the heat
generated by the conventional bur and piezoelectric
scaler, but none of the three instruments damaged
osteocytes [29].

In 2016, Stacchi et al. assessed micromorpho-
metric characteristics of bone blocks harvested us-
ing eight different sonic and ultrasonic devices for
osseous surgery and concluded that no single device
combined all the best functions, including speed,
precision, and bone micro-architecture preserva-
tion [32].

Czyz et al. recommended performing dacryo-
cystorhinostomy with the piezosurgery system —
a high-tech, multi-functional, ultrasonic device for
osseous surgery with a minimal risk of soft tissue
injuries [27].

In all, the low-traumatic techniques used to create
bone windows and controllable bone removal require
improvement.

The aim of the study was to compare an ultrasonic
bone scalpel and a drill machine in terms of the dura-
tion of surgery and the morphological responses after
osteoperforation with either.

MATERIALS AND METHODS

We performed 12 experimental in vivo surger-
ies in six Chinchilla rabbits weighing 3.0 to 3.5 kg
and aged 4—5 months. All animals were kept under
the standard living and care conditions of a vivarium
before and during the experiment.

All rabbits underwent bilateral osteoperforation of
the scapula. The right scapula was perforated us-
ing the Misonix ultrasonic bone scalpel (Figure 1),
whereas the left scapula was perforated using the drill
machine (Figure 2).

We chose the site for osteoperforation after explor-
ing the anatomical features of the rabbit skeleton.
The scapular bone is easily accessible for surgery and
is located far from vital organs.

We prepared all animals for surgery using the
same scheme. Thirty minutes prior to surgery, we
administered intramuscular injections with 0.1%
meditin (15 pg/kg) and 5% tramadol (2 pg/kg).
General anesthesia was induced with 3—5% isoflu-
rane MAC and maintained with 2% isoflurane MAC
and tiletamine, administered at 2.5 mg/kg/h; crys-
talloid infusions were administered at 5 mg/kg/h.
The preparation of each surgical site was performed
according to a standard protocol. After injecting the
local infiltration anesthesia (2 mL of 2% novocaine
solution), we performed two 20 mm linear skin inci-
sions in the scapular regions perpendicularly to the
scapular spine.

After the skin incision, we separated soft tissues
by blunt dissection along the muscle fibers using
scissors and put a wound retractor in place. The sur-
face of the bone was cleaned with a bone rasp. Then,
we made a 1 ecm x 1 cm square perforation in the
scapula. The right scapula was perforated using the
Misonix ultrasonic bone scalpel (experimental side).
The Misonix bone scalpel is an ultrasonic surgi-
cal device for osteotomy. The console of the system
produces an electrical signal with an operating fre-
quency of 22.5 kHz that is fed into the handpiece
and its piezoelectric transducer. The transducer con-
verts the electrical signal into mechanical vibrations.
We used the pulse setting at 50%. A blunt blade
made lateral reciprocating micromotions, which al-

Fig. 1. Ultrasonic scalpel Misonix BoneScalpel

Puc. 1. Yabrpassykosoit ckagbieab Misonix BoneScalpel

Fig. 2. Drill Marathon Handy ECO 1000 drill
Puc. 2. Bopmaurna Marathon Handy ECO 1000
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lowed the blade to shift by 125 pm with the speci-
fied ultrasound parameters. We used irrigation with
sterile saline (irrigation flow rate 26 mL/min, 40%)
to cool the blade.

The removed bone fragment was loosely at-
tached to the underlying soft tissue and could be
easily separated using forceps. The fragment was
fixed in 10% formalin and examined by light mi-
Croscopy.

The left scapula of the same animal was perio-
rated using the Marathon Handy ECO 1000 drill
machine (Saeyang Microtech) and served as a con-
trol. The Marathon Handy ECO 1000 is an universal
device, where all parameters are set on the instru-
ment panel, with the drilling speed controlled by a
pedal. The maximum rotation speed is 40,000 rpm.
We set the rotation speed and direction (10,000 rpm,
clockwise) at the instrument panel and switched on
the device by pressing the pedal.

We performed layered closure of the surgical
wounds and treated the wounds with an alumi-
num spray. All animals received 2.5% baytril in-
jections.

We removed the skin sutures 6 days after the sur-
gery. During the postoperative period, we evaluated
the overall state of animals and the reaction of soft
tissues adjacent to the wound.

We divided all rabbits into three groups (two rab-
bits in each) depending on the time at which they
were sacrificed. We chose the timing on the basis of
the phases of wound healing and bone tissue regen-
eration (after 7, 21, and 60 days): group 1 on day 7
after surgery, group 2 on day 21 after surgery, and
group 3 on day 60 after surgery.

We collected the specimens for morphological ex-
aminations during the surgical experiment or shortly

after sacrificing the animals. We excised the perfo-
ration area with adjacent soft tissues and fixed the
samples in 10% neutral buffered formalin.

Tissue blocks were prepared according to a stan-
dard protocol. We cut the sections with a trepan at a
thickness between 5 and 8 um along the osteotomy
channel. The slides were stained with hematoxylin
and eosin, examined under a light microscope, and
photographed at 200x magnification.

RESULTS

The postoperative period was uneventiul. None of
the animals had postoperative complications.

Mean durations of surgery were 12 min with the
Misonix bone scalpel and 15 min with the Marathon
Handy ECO 1000 drill machine (Table 1).

The samples, taken 7 days postoperatively, dis-
played minor hyperemia and edema at the wound
edge. The wounds healed by primary intention
without suppuration. Specimens collected 21 and
60 days after surgery demonstrated no hyperemia
or edema.

In the experimental samples obtained from the
right scapula during surgery, we found skeletal mus-
cles with an intact structure and minor perimysial
edema, periosteum with edema and scant leukocyte
infiltration, and partially destroyed bone beams with-
out periosteal proliferation (Figure 3).

In the control samples, obtained from the left
scapula during surgery, we observed more pro-
nounced edema, hemorrhagic foci, and intact bone
tissue and periosteum (Figure 4).

The histological examination of experimental
specimens collected 7 days postoperatively showed
dissociation of muscle fibers due to the proliferation
of loose fibrous connective tissue, which was disor-

Table 1

Comparative characteristic of the duration of surgical procedures

Tabauya 1

CpaBHl/ITe.ﬂbHaH XapaKTepucTuka npoaoJJ2KUTeJbHOCTH ON€PATUBHbLIX BMELIATEJNAbCTB

Surgery duration, min
Surgery No. Misonix utrasonic Marathon Handy ECO 1000
bone scalpel drill machine
| 15 17
2 13 16
3 12 16
4 10 14
5 11 15
6 10 13
Mean duration 12 15
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Fig. 3. Histological preparation of the right scapula of
a rabbit, acute experiment: a — perimysial edema;
b — leukocytic infiltration

Puc. 3. Mukponpenapar npaBoii JonaTku KpoJHKa, OCTPBIH
9KCIIEPUMEHT: @ — TMePUMH3HaNbHbIN 0TEK; b — Jeil-
KOLUTapHasl HHQUJIBTPALHS

A . -’," it Ay ‘." Ry 2 "‘

Fig. 4. Histological preparation of the left scapula of a rabbit,
an acute experiment: @ — perimysial edema; b — hem-
orrhages

Puc. 4. Muxponpenapar seBo# JomaTKH KpOJHKa, OCTPBIH
9KCIIEPUMEHT: @ — MePUMH3HAJbHBII 0TEK; b — Kpo-
BOU3JIUSTHHUS

. ’.‘_‘ ' (oS e s

Fig. 5. Histological preparation of the right scapula of a rabbit on
the 7th day after surgery: a — productive inflammation

Puc. 5. Mukponpenapar npaBofi IONaTKH KpoJnKa Ha 7-€ CyT-
KH 1ocJie ornepalyn: @ — NPOAYKTHBHOE BOCMaJeHHe

Fig. 6. Histological preparation of the right scapula of a rabbit
on the 7th day aiter surgery: @ — immature bone beams;
b — cells of productive inflammation; ¢ — osteoclast

Puc. 6. Mukponpenapat npaBoii JonaTku KpoJiika Ha 7-e CyT-

KW 1ocJie oneparnuu: @ — He3peJible KOCTHbIE 6aJIKI/I;
b — KJIeTKH MPOAYKTUBHOI'O BOCTIAJIEHHS; ¢ — OCTEOKJIACT

ganized and represented by islets of immature fi-
broblasts and foci of productive non-granulomatous
inflammation. We observed a small bone area with
signs of reactive osteogenesis, active proliferation
of osteoblasts, and formation of immature bone
beams. We also found small non-granulomatous
inflammatory infiltrates and giant multinuclear
osteoclasts in the areas of neo-osteogenesis (Fi-
gures 5 and 6).

Control specimens (left side) collected 7 days post-
operatively contained muscles with necrosis, hemor-
rhage, clusters of hemosiderin, perifocal inflamma-
tion with accumulation of segmented neutrophils,
and pronounced perimysial edema because of more
severe traumatic changes compared with the sam-
ples from the right side collected at the same time
(Figure 7).

By day 21, experimental samples presented mild
muscle edema. We observed signs of fibrous con-
nective tissue maturation: cells were arranged in
an orderly manner, forming bands and bundles; the
amount of collagen slightly increased; and fibro-
blasts became more elongated with ovoid mono-
morphic nuclei and less pronounced cytoplasm.
The number and size of inflammatory infiltrates de-
creased, whereas the number of giant multinuclear
osteoclasts in the inflammation areas increased.
We observed the signs of callus formation and
hyaline cartilage with endochondral ossification
on the periphery among immature bone beams.
The osteoblastic reaction seen in the samples from
group 2 was still present, but the number and
size of newly formed bone beams had increased
(Figure 8).

Control specimens had slightly more mature con-
nective tissue compared with experimental speci-
mens by day 21. Moreover, we found calcification
inclusions, clusters of hemosiderin, and inflam-
matory infiltrates that were more pronounced near
the bone and more dense than those in experimental
specimens. Infiltrates consisted primarily of histio-
cytes and leukocytes (whereas in the experimental
samples, these cells were practically absent), indi-
cating a more acute inflammatory process. The soft
tissue contained calcinates and small fragments of
bone beams introduced during perforation. We did
not evaluate the bone reaction in these samples, be-
cause only a small fragment of a preexisting corti-
cal plate without any reactive changes was present
(Figure 9).

Sixty days postoperatively, both the experimental
and control specimens had similar histological pic-
tures. We observed mature intermuscular connec-
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tive tissue, monomorphic and elongated or wavy-
formed fibroblasts that formed clear bundles, and
evenly distributed collagen. Inflammatory infiltrates
disappeared, and only few hemosiderophages were
detected. The osteoblastic reaction had also entirely
disappeared. Bone beams were non-lamellar and had
homogeneous calcification, suggesting that it was a
newly formed bone (Figures 10 and 11).

DISCUSSION

The histological assessment of tissue samples
taken from surgical wounds after osteoperioration
demonstrated that the drill machine caused more
pronounced soft tissue inflammation (manifested as
more pronounced edema, more dense infiltration,
and accumulation of hemosiderin) compared with
the inflammation caused by the ultrasonic scalpel
during the first 7—21 days after surgery. Moreover,
control wounds had slower proliferation and matu-
ration of fibrous connective tissue compared with
experimental wounds.

We observed no significant differences in terms
of the inflammation and the subsequent rege-
neration of bone tissue between experimental and
control wounds. At the end of the experiment, we
observed the formation of immature bone beams
with comparable characteristics on both experi-
mental sides (thickness, mineralization, maturity,
and structure).

Our findings suggest that the use of an ultrasonic
scalpel on flat bones is convenient and safe. It causes
less inflammation in the bone and surrounding tis-
sues. A.V. Kravchenko compared an ultrasonic scalpel
with a diode laser and found that bone windows made
by the laser had scalloped cutting surfaces with pho-
tocarbonization areas. We found that the ultrasonic
scalpel caused no inflammatory infiltration in the
acute experiment, but induced non-specific inflam-
mation later.

Fig. 10. Histological preparation of the right scapula of a rabbit
at 60 days after surgery: a — uniform calcification of
trabecula; b — minimal osteoblastic reaction

Puc. 10. Mukponpenapar mnpaBoil JionaTKH KpoJiHKa Ha
60-e cyTKHM TIOCJIe onepalMH: @ — paBHOMepHas
KasbUMdUKaLKMs KOCTHBIX 6aJ0K; b — MHHHMaJbHast
ocreobsacTHUeCKast peaKiius

Fig. 7.

Puc. 7.

Fig. 8.

Puc. 8.

Fig. 9.

Puc. 9.

Fig. 11.

Puc. 11.

Do NN S 4
Histological preparation of the left scapula of a rab-
bit on the 7th day after surgery: a — leucocytes;
b — necrosis; ¢ — hemosiderin
Mukponpenapat JieBol JlonaTKH KpoJHKa Ha 7-€ CyT-
KH TI0C/Ie orepalnu: @ — JIeHKOUUTBI; b — HeKpos;
¢ — TeMOCH/IepHH

LY S G

Histological preparation of the right scapula of a rab-
bit on the 21st day after surgery: a — maturation of
connective tissue

MukpornpenapaT npaBoit JIOMaTKM KpPOJHKA Ha
21-e cyTKM TocJsie orepaluu: @ — CO3peBaHHE CO-
€JIMHUTEJIbHON TKaHU

.
TN E e AN S T

Histological preparation of the left scapula of a rabbit
on the 21st day after surgery: a — calcification; b —
leukocytes

Mukporpenapar J1eBoi JIonaTku Kposiika Ha 21-e cyTku
rocJie orepaunn: @ — KaJjblUHATHI; b — JIeHKOLUTHI

Histological preparation of the leit scapula of a rabbit
at 60 days after surgery: a — uniform calcification of
bone trabecula; & — minimal osteoblastic reaction
Mukponpenapat sieBoii lonatku kposuka Ha 60-e cyr-
KU 1ocJjle orepallu: @ — paBHOMepHasi KaJblUu-
Kallnsl KOCTHBIX 6aJI0K; b — MHHHMaJbHast ocTeo0J1a-
CTHYeCKasl peaklus
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CONCLUSION

Our results suggest that the ultrasonic scalpel

offers a number of advantages during osteoperfo-
ration:

L.

2.

Osteoperioration with the ultrasonic scalpel re-
quires less time.

The process is easily controlled both visually
(no bone dust) and manually (easy to track the
incision).

The ultrasonic scalpel causes less damage to ad-
jacent soft tissues; there is no danger that tissue
will be spooled on the rotating cutter.

. The ultrasonic scalpel ensures smooth cutting

surfaces with no bone chips.

. The inflammation in the early postoperative period

is less pronounced.
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