
Introduction
Microsurgical drilling of thin and delicate bones is a 

specific part of microneurosurgery. The neuroanatomi-
cal location of cranial base structures including basal 
cerebral arteries, hypophysis, cranial nerves, and brain 
stem makes the surgical approach to the cranial base 

unique in microneurosurgery [1-5]. Specific microneu-
rosurgical techniques should be repetitively trained in 
laboratory on the appropriate models. Proper using of 
the operative microscope, holding, and grasping of the 
microneurosurgical instruments, proper microsurgical 
technique of the opening of the arachnoid membranes, 
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ABSTRACT 

Aims: The modeling of the surgical steps with creating a suitable laboratory models is critically important issue in the 
successful gaining of microneurosurgical practice. In this experimental study, a laboratory-training model was created for 
microneurosurgical drilling of delicate and thin cranial base bones using walnut shell in the repetitive repeating of experi-
mental microsurgical training technique. 
Materials and Methods: All steps of this study were performed under the operating microscope. Twenty-five walnut shells 
were used for this experimental feasibility study. The difficulty and suitability of the model were evaluated in terms of the 
usability in the training of microneurosurgical microdrilling. Difficulty of the procedure was divided into three degrees (very 
easy, easy, and difficult). The objective criterion for the evaluation of the difficulty of the procedure was the protection of 
the interior organic material during the procedure. The suitability of the procedure was also evaluated within three groups, 
bad, good, and perfect. 
Results: In three (12%) walnut shells, the microdrilling was evaluated as difficult. The microdrilling procedures of the 
twelve (48%) walnut shells were evaluated as easy procedure. Microdrilling procedure of the remaining ten (40%) of the 
walnut shells was evaluated as very easy. The suitability of the model was evaluated as bad in two (8%) of the walnut 
shells. The suitability was found as good in 17 (68%) of the walnut shells. In microdrilling of the remaining six (24%) of the 
walnut shells, the suitability of the model was evaluated as perfect. 
Conclusion: Microsurgical drilling of the walnut shells without any interior organic injury is accepted as the indication of the 
successful surgical microdrilling process. Consolidation of the surgical practice in a laboratory setting, grasping, and using 
of microsurgical instruments can be repeated several times in this model. We believe that this model will contribute to the 
practical training of microneurosurgery. 
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safe and delicate neurovascular dissection, and careful 
and proper microdrilling of the cranial base bones are 
some steps that should be repetitively trained on the 
appropriate experimental models in the training labora-
tory until the gaining of safe surgical technique [1,6-9].  
Spending of time in experimental microsurgical labora-
tory to practice on some kind of microsurgical models 
such as dissection and suturing of the rat external ca-
rotid artery, dissection and evaluation of the abdominal 
vena cava of rats, suturing of the plastic glove materials 
by using microforceps under the operating microscope, 
and drilling and dissection of some cadaveric bone ma-
terials are essential in improving and gaining advanced 
microneurosurgical practical techniques [1,5-9]. 

The removing of the bony structures located over 
the critical, significant, and delicate structures such 
as hypophysis, internal carotid artery, brain stem, and 
cranial nerves is necessary during the intervention of 
some kind of operations such as intranasal transsphe-
noidal hypophysis surgery, presigmoid translabyrin-
thine approach, and anterior clinoidectomy [2]. Brief-
ly, intradural and/or extradural removing of the thin 
and delicate bony structures overlying some significant 
and critical neural and vascular structures needs ad-
vanced microsurgical microdrilling techniques before 
performing operations. In this experimental study, a 
laboratory-training model was created for microneuro-
surgical drilling of delicate and thin cranial base bones 
using walnut shell in the repetitive repeating of experi-
mental microsurgical training technique. 

In this experimental modeling study, the utility of 
the removing of a part of the walnut shell was evaluated 
using high-speed microdrill in the creation of simple 
microdrilling training model in the area of basic mi-
croneurosurgical training. On the other hand, the fea-
sibility of using this model in the microdrilling of the 
cranial base bones such as sella floor in clinical micro-
surgical practice was also evaluated. Experimental find-
ings, difficulties, practical methods, and suggestions 
were discussed in the light of the literature.     

Materials and Methods
This study was performed in Microneurosurgery 

Laboratory of Neurosurgery Department, Faculty of 
Medicine. Thirty-five dried walnut shells were used 
in this experimental feasibility study. Aluminum wire 

mesh tray was used for stabilization of the walnut shells 
under the operating surgical microscope (Zeiss Surgi-
cal Microscope, Germany). Rubber elastic bands were 
used for fixing the walnut shells in the aluminum mesh 
tray (Figure 1). The rectangle plastic ruler with circular 
openings over its large flat surface was used for more 
stabilization and fixation of the eggshell under the sur-
gical microscope before starting the procedure (Figure 
1). Using pencil, the operating area was marked before 
starting the microsurgical drilling procedure. Using 
high-speed microsurgical drill (Midas Rex® Legend® 
Electric System, USA), the lateral surface of the walnut 
shells was microdrilled with proper attachment (Small 
Bore Variable Exposure Attachment) and tools (5 mm 
ball and 5 mm ball diamond) of the Midas Rex® Leg-
end® Electric System for opening of the burr holes (Fig-
ure 2). Interior membranous dissection and separation 
were performed using microforceps, microdissector, 
and microhook (Figure 3). 

Difficulty and suitability of the procedure were ana-
lyzed in the evaluation of the model. Difficulty of the 
procedure was divided into three degrees (very easy, 
easy, and difficult) according to the description of the 
performer [1]. The main objective criterion for the dif-
ficulty of the procedure was described as the protection 
of the interior organic materials along performing the 
procedure. The suitability of the procedure was also 
evaluated within three groups as bad, good, and per-
fect. The criterion for taking into account the suitability 
of the procedure was as follows: being easy to find, the 
resemblances to the cranial base bones, the suitability 
for drilling procedure, and short preparation period be-
fore experiment.     

Results
In three (12%) walnut shells, the microdrilling was 

evaluated as difficult. The microdrilling procedures of 
the twelve (48%) walnut shells were evaluated as easy. 
The microdrilling of the remaining ten (40%) of the 
walnut shells was evaluated as very easy. The suitability 
of the model was evaluated as bad in two (8%) of the 
walnut shells. The suitability was found as good in 17 
(68%) of the walnut shells. In microdrilling procedures 
of the remaining six (24%) of the walnut shells, the 
suitability of the model was evaluated as perfect. Mi-
crosurgical drilling of the superior, inferior, and lateral 
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Figure 1. This figure shows the details of the experiment (A: aluminum 
mesh tray, W: walnut shell, R: rubber band, and Rl: ruler).

Figure 2. The microdrilling of the eggshell is shown in Figure 2 (W: 
walnut shell, R: rubber band, Rl: ruler, the arrows show the microdrilling 
area, and B: ball tool).

Figure 3. This figure shows the dissection and separation of the walnut 
membrane (W: walnut shell, R: rubber band, M: microbayonet, and the 
arrows show the dissection area).  

wall of the walnut shell and enabling repetitive drilling 
are indications of the suitability of the material. Micro-
surgical drilling of the walnut shells without any mem-
branous injury located just on the inner surface of the 
outer walnut shell is an indication of the successful sur-
gical microdrilling process. Microforceps, microhook, 
and microdissector may also be used in the identifica-
tion, separation, and dissection of the inner membra-
nous structure. This step is similar to the dissection and 
separation of the dura mater. Microdrill tips with dif-
ferent features and sizes may be used in this model. The 

rotation speed of the microdrill and the effect of rota-
tion speed on the microdrilling process may clearly be 
evaluated in this experimental model.       

Discussion
Intradural and/or extradural removing of the thin 

and delicate bony structures overlying some signifi-
cant and critical neural and vascular structures needs 
advanced microsurgical microdrilling techniques. Gen-
erating a simple and suitable model is significantly im-
portant   in the training of delicate and thin bone drill-
ing. The aim of this experimental study was to create 
a laboratory-training model for the repetitive repeating 
of microneurosurgical drilling of cranial base bones 
using walnut shell in the experimental microsurgical 
training. The results of this study showed that 88% of 
the walnut shell drilling procedures were evaluated as 
easy and very easy in terms of the technical manner. On 
the other hand, 68% of the walnut shells drilling proce-
dures were found as a suitable model in the training of 
microdrilling process. 

A safe microneurosurgical approach needs advanced 
knowledge on regional microneurosurgical neuroanato-
my [1]. On the other hand, technical and practical using 
of microsurgical instruments such as high-speed drill 
and its attachments and tools, microbayonets, micro-
hooks, and microdissectors, is also another significant 
issue in the training of microneurosurgery. The using 
of these instruments with appropriate microsurgical 
technique is crucially important [1]. For this reason, 
generating an appropriate model of microneurosurgi-
cal training is necessary in the technical and practical 
gaining of safe surgical techniques. The specific surgi-
cal techniques should also be repeated several times on 
appropriate models to successfully maintain and termi-
nate microsurgical interventions [1]. 

Before a real operation performed on human be-
ings, understanding of abilities of some sophisticated 
devices to be used in the microneurosurgical interven-
tion such as high-speed drill and its attachments and 
tools is extremely necessary. The electrically powered 
high-speed drilling systems have different types of at-
tachments. In addition, the different variety of tools can 
be used during the operation. These instruments can be 
repetitively tried on this appropriate model in the prac-
tical and technical understanding of the capabilities 
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of the attachments and specific ball and ball-diamond 
tools.  In addition, it is required for one to develop his/
her own abilities [1,5-9].  The results of this study veri-
fied that using walnut shell microdrilling model has ad-
vantages in gaining practical microdrilling techniques 
and technical understanding of the capabilities of the 
attachments and specific ball and ball-diamond tools of 
the high-speed drill.

An appropriate and successful model should have 
some similarities to the represented models in order 
to be a suitable model. On the other hand, the easily 
obtainable and cheap properties are other significant 
topics.  Other important issues are the short and easy 
preparation period of the model before using under 
the surgical microscope. Repetitive operations on the 
model in various ways can be considered as an advan-
tage. When taking into consideration the ethical issues, 
living models, in addition to the above-mentioned 
disadvantages, compromise some problematic limita-
tions in experimental practice. Some advantages can be 
seen when we evaluate the walnut shells in the light of 
the parameters detailed above. Walnut shell has some 
similar features in comparison with the floor of the cra-
nial base bones in terms of size, thickness, and shape. 
The walnut shell is an inexpensive material that can 
be obtained easily because the walnut is a food source 
consumed through nutrition. The walnut is not a liv-
ing model; there is no need for local ethical commit-
tee permission. So there are no ethical restrictions in 
this model in comparison with living models. When we 
think of all of these features together, the walnut shell 
should be regarded as a suitable model in the experi-
mental microneurosurgical microdrilling of the floor of 
the cranial base bone-training model.  

It is also important to recognize the specific surgi-
cal instruments used in this proposed model and gain 
some practice by trying them out in various ways. 
Electrically powered high-speed microdrill is one of 
these instruments. Allowing microdrills to be used in 
this experimental model with different tips and types 
makes the person more familiar with this device. The 
process of reducing and increasing the turning speed 
of the microdrill and observation of the events to oc-
cur during this process can be considered as the other 
purpose of this practice. The use of the microhook in 

the dissection of the inner membrane from the rigid 
outer shell can also be practiced. Using the microdis-
sector in the separation and removing very thin and 
delicate remnant of drilled shell can be tried for prac-
ticing.

Conclusion
Removing the thin and delicate bone structure of 

the cranial base by using microdrilling is one of the 
most important steps of the surgical approach. Before 
starting the surgical intervention performed on liv-
ing subjects, this process should be practiced several 
times on practical training models. In this experimental 
study, walnut shells are proposed as a practical training 
model in the microsurgical drilling of thin cranial base 
bones. Consolidation of the surgical practice in a labo-
ratory setting, grasping, and using of microsurgical in-
struments can be repeated several times in this model. 
We believe that this model will contribute to the practi-
cal training of microneurosurgery.
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