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Abstract

Obj ect ive: To compare the effects using the monopolar elect ric and ult rasonic scalpel on 
muscle t issue in oncological surgery.
Mat erial  and met hod: Muscle t issue samples were collected from 6 pat ients. Two samples 
were obtained from each one of them: one using an elect ric scalpel and another with an 
ult rasonic scalpel, which then analysed in histopathology.
Result s: Less necrosis and bet ter t issue viabilit y was observed in the areas cut  with the 
ult rasonic scalpel compared to the areas where the elect ric scalpel was used.
Conclusions: The ult rasonic scalpel has a cut t ing capacity and haemostasis comparable to 
the elect ric scalpel, causing less damage to the t issue on which it  is applied.
© 2010 SECOT. Published by Elsevier España, S.L. All rights reserved.

Experiencia en la utilización de bisturí de ultrasonidos en cirugía ortopédica

Resumen

Obj et ivo: Comparar el efecto de la aplicación del bisturí eléct rico monopolar y el de ul-
t rasonidos sobre el tej ido muscular en cirugía oncológica.
Mat erial  y mét odo: Se recogieron muest ras de tej ido muscular de 6 pacientes. En cada 
uno de ellos se obtuvieron 2 muest ras: una mediante corte con bisturí eléct rico y ot ra 
con bisturí de ult rasonidos que se analizaron en anatomía patológica.
Result ados: Observamos una menor profundidad de necrosis y mej or viabilidad t isular en 
las zonas de corte con bisturí de ult rasonidos, respecto a las zonas en las que se empleó 
el bisturí eléct rico.
Conclusión: El bisturí de ult rasonidos proporciona una capacidad de corte y hemostasia 
comparable a la del bisturí eléct rico, ocasionando un menor daño a los tej idos sobre los 
que se aplica.
© 2010 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Introduction

The ult rasonic or harmonic scalpel is being used more and 
more frequent ly and in more modalit ies of surgery with 
part icular success in the type of intervent ion for which it  
was designed, namely laparoscopic surgery.

When an ult rasonic scalpel is used for dissect ion or 
haemostasis, high frequency ult rasound waves are applied 
to the t issues t reated. This inst rument  cuts and coagulates 
thanks to the mechanical vibrat ion it  generates. In cont rast , 
elect rocautery or convent ional elect ric scalpel applies a 
thermal effect  to the t issues that , oftent imes, produces 
burns due to the fact  that  it s funct ioning implies the passage 
of act ive current  through the pat ient .

The use of the ult rasonic scalpel in orthopaedic surgery is 
not  usual, although it  offers advantages in certain 
intervent ions such as in oncological surgery of the locomot ive 
system, when it  is necessary to perform broad resect ions by 
means of atypical approaches and when it  is part icularly 
important  to preserve the t issues that  are not  to be resected 
for the reconst ruct ive phase and subsequent  healing. 
Likewise, it  makes the pathology study easier in tumour 
resect ion and, in part icular, the analysis of resect ion 
margins.

We aim to show the dif ferences we have found in the 
approach to muscle t issue with each scalpel, as well as 
review the indicat ions for the use of the ult rasonic scalpel 
in surgery orthopaedic.

 
Material and method

The ult rasonic scalpel has been systemat ically used for 
large, soft  t issue sarcoma resect ions since 2008. We 
collected t issue samples from 6 pat ients suffering from soft  
t issue sarcomas located in the ext remit ies in whom broad 
resect ion of the tumour had been planned between April,  
2008, and June, 2009. An Ult racision® (Ethicon Inc., USA) 
ult rasonic scalpel was used for surgery, in combinat ion with 
a frequency generator of 55.5 kHz, HSA07 hand-pieces, and 
the HC145 curved t ipped blade. Once the surgery had been 
completed, a sample of healthy muscle t issue was resected 
using the ult rasonic scalpel and another one with the 
convent ional scalpel. In all the cases resected with the 
ult rasonic scalpel, the incision was made applying a level 5 
frequency generator (as indicated for sect ioning). In the 
samples obtained by means of the convent ional scalpel, a 
monopolar KLS Mart in® ME-MB2 device (KLS Mart in Group, 
Germany) was used. The terminals of this system were set  
to 70 for coagulat ion and 90 for cut t ing, according to the 
power meter scale on the console. With this intensity we 
performed appropriate soft  t issue sect ion and haemostasis 
of bleeders.

Both surgical specimens were identiied in different 
sample containers, marking the sect ion edge of the t issue 
with a surgical marker. The samples were sent  to the 
Pathology Department  of the Hospital and were received, 
processed, and analyzed by the team of pathologists 
belonging to the cent re’s Sarcoma Unit .

Results

The gross examinat ion revealed no dif ferences between 
both groups of samples. During resect ion with adequate zx 
[falta algo aquí],  t issue vaporizat ion was seen with no 
smoke, characterist ic of the convent ional scalpel. On 
histological analysis, the effect  of both inst ruments on all 
the samples was evident  on the resected t issue with 
coagulat ive necrosis. However, dif ferences were found with 
respect  to the thickness of said necrosis, margin regularity, 
as well as changes in the deeper t issue outside the area of 
necrosis (table 1).

In the sect ions made with the convent ional scalpel, the 
necrot ized t issue was 0.65±0.1 mm (range: 0.5-0.9 mm) 
thick, whereas in the t issues sect ioned with the ult rasonic 
scalpel, the values were 0.36±0.06 mm (range: 0.2-0.6 
mm). On the other hand, the margins of the coagulat ive 
necrosis versus the beginning of the healthy, viable t issue 
were more regular and uniform in the samples obtained 
with the ult rasonic scalpel than with the convent ional 
scalpel. We also observed that  immediately next  to the 
necrot ic t issue in the samples obtained with the ult rasonic 
scalpel, there was viable t issue, whereas adj acent  to the 
coagulat ive necrosis in the cases t reated with the 
convent ional blade, the t issue was interpreted as viable, 
although the t issue st ructure was not  normal. In one pat ient  
(number 5), we noted that  the thickness of the coagulat ive 
necrosis that  formed with the elect ric scalpel was less thick 
than that  created by the harmonic scalpel. However, 
although the t issues immediately adj acent  to the necrot ized 
area of the sample obtained with the ult rasonic scalpel 
were normal, the t issues located immediately adj acent  to 
the necrosis caused by the convent ional scalpel presented 
changes.

Both dissect ion and haemostasis are achieved more 
slowly with the ult rasonic scalpel than with convent ional 
inst ruments. However, given that  haemostasis is achieved 
simultaneously with the cut t ing, there is less bleeding in 
the dissected planes with the ult rasonic scalpel and surgical 
t ime is not  prot racted with respect  to surgery with 
convent ional inst ruments.

Table 1 Necrosis intensity and thickness (mm) in the 

muscle samples

Pat ient Elect ric scalpel Harmonic scalpel

Necrosis Thickness 

(mm)

Necrosis Thickness 

(mm)

1 ++ >0.6 — <0.3

2 ++ >0.6 + <0.3

3 +++ >0.9 + <0.4

4 +++ >0.6 — <0.2

5 ++ >0.5 + <0.6

6 +++ >0.9 + <0.4



308 E. López-Anglada Fernández, A. Braña Vigil

Discussion

Due to the fact  that  it ’s hard to calculate the penet rat ion of 
the heat  in the t issue when a convent ional scalpel is applied, 
burns can be produced at  the point  of applicat ion, in 
adj acent  st ructures, or even at  a distance if  the heat  is 
conducted by the t issues. These burns can give rise to maj or 
complicat ions1 and it  has been established that  the extension 
of thermal inj ury caused by each of the two scalpels can 
dif fer by up to 50%,2 which is consistent  with our observat ions. 
The ult rasonic scalpel makes use of a dif ferent  mechanism 
to achieve its aim, as it  applies ult rasound to the t issue and 
produces 3 effects that  are not  accomplished with the 
convent ional blade, such as cavitat ion, haemostasis, and 
cut t ing. These 3 effects can be applied individually or in 
combinat ion. Synergy depends on the type of t issue (water 
content ); on the type of applicator and its set -up parameters 
(extension of longitudinal oscillat ion); on the durat ion of 
the energy applied, and the applicat ion of t ract ion or 
pressure to the t issue on which it  is being used. 2,3

Cavitat ion is described as the format ion and disintegrat ion 
of vaporized bubbles in a liquid medium. This mechanism 
causes the parenchymal t issue cells to explode and bubbles 
to form in the connect ive t issue and facilitates dissect ion of 
the t issues involved. If  pressure is simultaneously applied to 
the t issue, the tert iary hydrogen bonds of proteins are 
broken. This fragmentat ion of the protein bonds at  low 
temperature fosters compression of collagen molecules: 
the coaptat ion effect . Sustained applicat ion of this energy 
locally produces a rise in temperature that  leads to thermal 
induct ion of steam and water release and, as a result ,  
protein denaturalizat ion provoking haemostasis. If  pressure 
or t ract ion is applied to the t issue at  the same t ime, the 
high frequency vibrat ions of the t ip of the inst rument  
st retch the t issue to it s elast ic limit ,  allowing for a clean 
sect ion.

The ult rasonic scalpel can be used as a convent ional 
scalpel, while at  the same t ime taking advantage of it s 
haemostat ic effect .2,3 This is in line with our own clinical 
experience. In all the cases, it  was possible to use the 
harmonic scalpel to dissect  the t issues with minimal 
bleeding accomplishing haemostasis by applying pressure 
with the inst rument  it self .

The risk of thermal inj ury when using the ult rasonic 
scalpel is very low. The depth of penet rat ion of the energy 
current  is linearly correlated with the t ime of applicat ion 
and, in this way, can be cont rolled during use. Moreover, 
the lateral propagation of the active energy low follows 
the same pat tern; hence, it  can be cont rolled in the same 
way.2,3 None of our pat ients suffered thermal burns.

In animal experiments, Spivak et  al4 demonst rated that  
in small (0.24-0.5 mm) and medium-sized arteries (2-3.5 
mm) haemostasis can be achieved equally safely with the 
ult rasonic scalpel, convent ional scalpel or clips. The 
advantage of the ult rasonic scalpel is that  dissect ion and 
haemostasis can be accomplished without  having to change 
inst ruments. We have not  checked int ra- and post -operat ive 
bleeding to compare the eficacy of one method versus the 
other, although we did observe that , although t issue 
dissect ion was faster and surgical planes had lit t le bleeding 
on the margins, a longer applicat ion t ime is required with 

the ult rasonic scalpel than with the convent ional one when 
seeking to achieve haemostasis on a bleeding vessel. It  has 
been seen that  in standard intervent ions, surgical t ime can 
be lessened using the ult rasonic scalpel in comparison with 
the convent ional one.5

The literature has failed to clarify the extent  of the t issue 
damage produced by the use of the ult rasonic scalpel. In 
experimental studies with animals, the t issue damage 
caused by the harmonic scalpel was interpreted as being 
greater than that  provoked by a convent ional blade, 
although the format ion of adhesions to neighbouring t issues 
was not  seen to be any greater.6 In a series of experiments 
carried out  with pigs, the format ion of post -operat ive 
adhesions and trauma to the tissues was signiicantly less 
with the ult rasonic scalpel versus the convent ional scalpel 
or laser.7

Laparoscopic technique demands much greater prevent ion 
of haemorrhage than in open surgery, given that , if  it  
presents, conversion to open surgery may be inevitable. In 
any case, and in order to avoid prolonging surgical t ime, as 
well as to lower costs, the inst ruments used should be valid 
for both modalit ies in a single surgery. The ult rasonic scalpel 
possesses these propert ies and is therefore being used more 
and more often in thoracic8 and abdominal9 surgery or in 
open intervent ions on vascularized parenchyma of organs 
such as the kidneys or the liver.10

In our experience, the ult rasonic scalpel enables 
dissection through well deined planes to be carried out 
more quickly than with a convent ional one; it  enables 
excision with minimal damage to st ructure for accurate 
evaluat ion by the pathologist , as well as for reconst ruct ion 
and healing in pat ients themselves; furthermore, bleeding 
during surgery is less than with the convent ional scalpel.11,12 
Addit ionally, it  prevents the inconvenience of smoke 
format ion while the convent ional scalpel is being used, 
although it  must  be said that  the vaporizat ion generated by 
the ult rasonic scalpel can splat ter, making protect ion for 
the face and eyes recommendable.
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