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 G 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.

 G Keywords:©osteotomy; ultrasonic scalpel; modeling of the orbital decompression.
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 G В настоящий момент предлагается большой выбор инструментов для хирургических вмешательств на 
костных структурах орбит. Каждый из них имеет свои достоинства и недостатки. Фреза наносит меньшую 
травму в сравнении с долотом или ультразвуковой пилой [15]. При использовании электродрели во время 
операции отмечалось повышение температуры костного края отверстия выше допустимых значений [17]. 
Применение низкочастотных ультразвуковых инструментов позволяет формировать отверстия в кости лю-
бого нужного размера и формы с ровными и гладкими краями [5, 11, 16, 20]. К недостаткам данной методики 
относится нагрев наконечника инструмента до 140° при длительной непрерывной работе [6]. Таким образом, 
методики с использованием инструментов для формирования «костного окна» требуют дальнейшего из-
учения и совершенствования. Цель: провести сравнение хирургического оборудования для формирования 
«костного окна» при моделировании декомпрессии орбиты. Материалы© и© методы. При эксперимен-
тальном исследовании in vivo 6 кроликам породы Шиншилла выполнили 12 оперативных вмешательств 
на лопаточной кости с обеих сторон. С правой стороны «костное окно» формировалось ультразвуковым 
костным скальпелем MISONIX, слева — бормашиной. Результаты. Было установлено, что в первые 
7–21 сут воспаление мягких тканей с левой стороны было более выражено. А также отмечалась замед-
ленная пролиферация и созревание волокнистой соединительной ткани по сравнению с противоположной 
стороной. Процессы воспаления и последующей регенерации костной ткани не имели существенных от-
личий с обеих сторон. Проведённый эксперимент показал, что использование ультразвукового скальпеля 
на плоских костях создаёт меньшее воспаление окружающих тканей и самой кости по сравнению с диодным 
лазером. А.В. Кравченко (2006) сообщает, что после воздействия диодного лазера в остром опыте опреде-
лялся фестончатый край с зоной фотокарбонизации (обугливания) и на 7-е и 21-е сутки, использование же 
ультразвукового лазера не давало признаков инфильтрационного воспаления, в дальнейшем развивалось 
неспецифическое воспаление. Выводы. Ультразвуковой скальпель имеет ряд преимуществ при выполне-
нии остеоперфораций, такие как экономия времени при хирургическом вмешательстве, контроль процесса 
выполнения остеотомии, меньшая травматизация окружающих тканей при работе и в раннем послеопера-
ционном периоде, менее выраженная воспалительная реакция операционной раны.

 G Ключевые©слова: остеотомия; ультразвуковой скальпель; моделирование декомпрессии орбиты.

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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Fig. 1. Ultrasonic scalpel Misonix BoneScalpel

Рис. 1. Ультразвуковой скальпель Misonix BoneScalpel

Fig. 2. Drill Marathon Handy ECO 1000 drill

Рис. 2. Бормашина Marathon Handy ECO 1000

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, inclu ding 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 µg/kg) and 5% tramadol (2 µg/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 cm × 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-
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lowed the blade to shift by 125 µm 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 perfo-
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 µm along the osteotomy 
channel. The slides were stained with hematoxylin 
and eosin, examined under a light microscope, and 
photographed at 200× magnification.

rESultS
The postoperative period was uneventful. 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-

Surgery No. 

Surgery duration, min

Misonix utrasonic  
bone scalpel

Marathon Handy ECO 1000  
drill machine

1 15 17

2 13 16

3 12 16

4 10 14

5 11 15

6 10 13

Mean duration 12 15

Table 1
Comparative characteristic of the duration of surgical procedures

Таблица 1
Сравнительная характеристика продолжительности  оперативных вмешательств
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Fig. 3. Histological preparation of the right scapula of 
a rabbit, acute experiment: a – perimysial edema;  
b – leukocytic infiltration

Рис. 3. Микропрепарат правой лопатки кролика, острый 
эксперимент: а — перимизиальный отёк; b — лей-
коцитарная инфильтрация

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

Рис. 4. Микропрепарат левой лопатки кролика, острый 
эксперимент: а — перимизиальный отёк; b — кро-
воизлияния

Fig. 5. Histological preparation of the right scapula of a rab bit on 
the 7th day after surgery: a – productive inflammation

Рис. 5. Микропрепарат правой лопатки кролика на 7-е сут-
ки после операции: а — продуктивное воспаление

Fig. 6. Histological preparation of the right scapula of a rabbit 
on the 7th day after surgery: a – immature bone beams; 
b – cells of productive inflammation; c – osteoclast

Рис. 6. Микропрепарат правой лопатки кролика на 7-е сут-
ки после операции: а — незрелые костные балки;  
b — клетки продуктивного воспаления; c — остеокласт

a b

b

a

a

a

b c

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 
(Fi gure 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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Fig. 7. Histological preparation of the left scapula of a rab-
bit on the 7th day after surgery: a – leucocytes;  
b – necrosis; c – hemosiderin

Рис. 7. Микропрепарат левой лопатки кролика на 7-е сут-
ки после операции: a — лейкоциты; b — некроз;  
c — гемосидерин

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

Рис. 10. Микропрепарат правой лопатки кролика на 
60-е сутки после операции: a — равномерная 
кальцификация костных балок; b — минимальная 
остеобластическая реакция

Fig. 8. Histological preparation of the right scapula of a rab-
bit on the 21st day after surgery: a – maturation of 
connective tissue

Рис. 8. Микропрепарат правой лопатки кролика на 
21-е сутки после операции: a — созревание со-
единительной ткани

Fig. 9. Histological preparation of the left scapula of a rabbit 
on the 21st day after surgery: a – calcification; b – 
leukocytes

Рис. 9. Микропрепарат левой лопатки кролика на 21-е сутки 
после операции: а — кальцинаты; b — лейкоциты

b

a
c

a

b

a

b

a

b

a

Fig. 11. Histological preparation of the left scapula of a rabbit 
at 60 days after surgery: a – uniform calcification of 
bone trabecula; b – minimal osteoblastic reaction

Рис. 11. Микропрепарат левой лопатки кролика на 60-е сут-
ки после операции: a — равномерная кальцифи-
кация костных балок; b — минимальная остеобла-
стическая реакция

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 osteoperforation 
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.



G ОФТАЛЬМОЛОГИЧЕСКИЕ ВЕДОМОСТИ.  2018. Т. 11, № 1/ OphthalmOlOgy JOurnal. 2018;11(1) ISSN 1998-7102

16 OrIgInal rESEarChES / ОрИГИнАЛЬныЕ СТАТЬИ

COnCluSIOn
Our results suggest that the ultrasonic scalpel 

offers a number of advantages during osteoperfo-
ration:
1. Osteoperforation with the ultrasonic scalpel re-

quires less time.
2. The process is easily controlled both visually 

(no bone dust) and manually (easy to track the 
incision).

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

4. The ultrasonic scalpel ensures smooth cutting 
surfaces with no bone chips.

5. The inflammation in the early postoperative period 
is less pronounced.
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