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Abstract 

Background: Frame-based stereotaxy aims at accurate intracranial 

targeting through fixing a frame to the skull with rigid pins and 
referring the intracranial targets to this frame followed by frame 

directed surgery. Pin fixation is a painful step in the operation and, in 
some situations like in young children having resilient or small skulls 

and in patients having unsuitable skull defects or previous 
craniotomies, it may be difficult to be done. Frameless stereotaxy, on 

the other hand, is not available in many centers. 
Objective: To evaluate our new technique of frame-based stereotactic 

surgery without pin fixation to the skull using a personal software 

calculator, Naviplan. 
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Methods:hree small radio-opaque spherical marks are attached to the 

skull and the intracranial target is referred to a cartesian coordinate 
system based on them. Intra-operatively, the marks are registered to 

the frame and the target references are transferred from the mark-
based to the frame-based cartesian coordinate system using a 

personally designed database file (Naviplan). 
Results:31 patients were subjected to this method. In all patients, 

either intra-operative evidence or postoperative radiology was used for 
accuracy confirmation. 

In 15 cases, the aspiration of intracranial cysts and the postoperative 
CT scans confirmed the accuracy of the procedure. In 16 cases with 

solid lesions, postoperative CT scan as well as the histopathology yield 
showed the lesions to be targeted with acceptable accuracy. 

Conclusion:Pinless frame-based stereotaxy with Naviplan is easy, 
save and accurate and can be useful in situations where rigid pins 

can't be applied. 

Full Text 

In the era of frameless stereotaxy and emerging intra-operative 

imaging technologies, stereotactic frames still have their place. They 
are necessary for the performance of functional surgery, including 

placement of deep brain stimulators. Brain biopsies arguably are done 
with the most accuracy and least time using a frame. Stereotactic 

radiosurgery is always done with a frame except in the unique case of 
the CyberKnife [1]. Neuronavigation systems, in addition to being 

expensive and not available in many centers, aim at referring the 
explored targets rather than directing the surgeon to deep targets 

through planned trajectories. 
Frame based stereotaxy, Radionics CRW system, (Integra Burlington 

MA, Inc. formerly Integra Radionics, Inc. Burlington, MA [6]) is 
available in our hospital since the year of 2000 but neuronavigation 

systems are not available till now. The idea of frame fixation in 

stereotaxy is to join the cranium and the frame into one unit and refer 
the target to the frame cartesian coordinate system to approach it 

based on the frame. Pin fixation constitutes the most painful step 
throughout the operation and, in some situations like in young children 

having resilient or small skulls and in patients having unsuitable skull 
defects or previous craniotomies, it may be difficult to be done. In 

other patients frame fixation may cause difficulty in endo-tracheal 
intubation. Pin fixation is not possible in infants. There is risk of cranial 

fracture, epidural hematoma, and CSF leakage following the 
application of head pins, especially in young children 

[2, 3]
.  
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Objective:The aim is to evaluate our new technique of stereotactic 

surgery using the stereotactic frame system without pin fixation to the 
skull with the help of a new software, Naviplan. 

Patients and Methods:After informed written consent, all patients 
with deep intracranial lesions of at least 2 ml volume who were 

admitted to our department for biopsy or aspiration since April 2012 
till March 2017 were included. Patients who had bleeding tendencies 

and those who were unfit for surgery were excluded. The following 
steps were done in all patients.  

Patient preparation 
Routine investigations to role out bleeding tendency and confirm 

surgical fitness were carried out and the patient is informed about the 
steps of the procedure and is requested to fast at least 6 hours before 

the procedure. Head shaving in males can be done before the 
procedure. 

Mark application 

We attach three small radio-opaque spheres to the head. The spheres 
are 3 mm equal in diameter and tunneled. They were fixed to the head 

with recoil strings (figure 1).  

 

 

Figure 1: Spheres position. We joined them with recoil strings and attached 

two of them in front of both auricles while the 3rd sphere is attached over the root of 

the nose above the glabella. The spheres positions are marked with a pen marker to 

notice any displacement during the procedure. 
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The stability of the scalp marks is an important issue for the procedure 

accuracy and was addressed as follows: 

 The possibility of the spheres to move during the procedure is taken 

in consideration. For this reason, two of them were attached in front of 
both auricles where the scalp is least liable to glide over the skull. The 

glabellar crease is a relatively fixed skull mark anteriorly and the 3rd 
sphere is attached over the root of the nose above the glabella. All the 

sphere positions are marked on the scalp with a pen marker to notice 
any displacement during the whole procedure.   

 We added a calculation test layout in the Naviplan file to detect any 
significant displacement of the spheres.  

 

 

 

Figure 2: CT Brain. The sphere's center is readily detectable as shown with its 

CT co-ordinates.  

 

CT scanning 

GE 16 slice CT scanner was used in all patients. Thin cuts (1.25 mm) 

were taken. During the CT scanning, we always check that the patient 
was not moving and the spheres were in place. In 2 cases we gave IV 

sedation for the patients because of uncontrolled irritability during the 
CT scanning. All the other patients were subjected to the CT scanning 

without sedation. The tunnels of the spheres help to determine the 
best CT images passing through their centers (Figure 2). The 

radiological coordinates (X, Y and Z values) for all the mark centers 
and the targets should be in the same scan series. 
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Figure 3: Head position. The patient head is positioned inside the stereotactic 

frame resting on two head posts without any pins.  

 

Anesthesia and positioning 

After general anesthesia, the stereotactic frame is fixed to the 
operating table through the Mayfield adaptor and the patient head is 

positioned inside the frame resting on two head posts without any 
pins. We use the longer posts for better head support (Figure 3). 

Antibiotics are given prior to the incision, sterilization proceeds and a 

suitable skull burr hole is freely chosen according to the target 
location. 

Registration to the Frame 

After the burr hole is made we attach the stereotactic arc base to the 

frame and start to measure the stereotactic co-ordinates of the three 
sphere centers manually in relation to the arc. For this purpose, we 

managed to measure the position of each mark in relation to the frame 
base with the help of a kirschner wire. The spherical marks have the 

same radius of 3 mm to help accurate measurement. It is important 
for the frame to be caudal enough to the scalp marks when the head is 

positioned for easy measurement (Figure 4).  
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Figure 4: Manual registration of spheres to the stereotactic frame. 
After the burr hole is made we attach the stereotactic arc base and start to measure 

the stereotactic co-ordinates of the three spheres manually in relation to the arc.  

 

This step is similar to registration step in neuro-navigation. We delay 
the registration after doing the burr hole and after insurance of deep 

anesthesia so that the skull will not move from its final position after 

that. For easier way, we always considered the center of the right 
sphere as point 1, the center of the left sphere as point 2 and the 

center of the forehead sphere as point 3. 
Calculation of stereotactic target co-ordinates  

At that stage we have two sets of co-ordinates for the three spherical 
marks; radiologically derived set of X, Y and Z values and stereotactic 

set of co-ordinates manually measured in relation to the frame. Now 
we input these two sets of co-ordinates to the Naviplan file (Figure 5) 

and, on feeding the target radiologically derived X, Y and Z values, it 
directly calculates the stereotactic co-ordinates of the target (Figure 

6). Naviplan is a personal database file designed specifically to 
calculate the target co-ordinates.  

Naviplan file calculation accuracy was tested in the following way:  

 The output values for 73 targets in cases previously calculated by 

Egyplan file were compared to those calculated by Naviplan file 

providing the same previous radiological and stereotactic co-ordinates 
of points 2, 5 and 8 (the height points) of the Radionics localizer 

instead of the 3 sphere centers (Table 1). 

 The spheres were attached in 3 previous patients in conjunction to 

the stereotactic frame during ordinary stereotactic procedures and in 
each case the target co-ordinates were calculated in two ways, the 
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first way using the stereotactic localizer and Egyplan file calculations 

and the second way using the three spheres and Naviplan file 
calculations.   

 In the first 3 patients of the current study, we attached a 4th sphere 
to the scalp as a test target for evaluation of the accuracy of the 

procedure (Figure 7).   

 

 

Figure 5: Data Input. In the Naviplan file, we input the two sets of co-ordinates 

of the three spheres to the Naviplan file. The first data set is radiologically-derived 

and The second data set is stereotaxy-derived. 

 

 

Figure 6: Stereotactic Target Co-ordinates. On feeding the Naviplan file 

with the target X, Y and Z radiological values, it directly calculates the stereotactic 

co-ordinates of the target.  
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Figure 7: Test target. In the first 3 patients we attached a 4th sphere to the 

scalp as a test target for evaluation of the accuracy of the procedure.  

 
Tissue biopsy 

The final steps are done after adjusting the arc system to the target 

co-ordinates and manipulating the ring and arc angles so that the 
biopsy needle lines up with the burr hole in its way to the target 

(Figure 8). After obtaining the biopsy or aspirate, the arc system is 
removed and the wound is closed and dressed. 

 

  

Figure 8: Biopsy. Near complete aspiration of a brain stem cystic lesion 

radiologically estimated to be about 12 cm3 in volume (left) and complete aspiration 

of a left thalamic cystic lesion radiologically estimated to be about 4 cm3 in volume 

(right). 
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Procedure evaluation 

In all patients, either intra-operative (in cystic lesions) or posto-
perative radiology evidences (especially in solid lesions) were used for 

accuracy confirmation. The histopathology results and the operative 
complications were presented. 

 
Results: 

Here we present the co-ordinates of 73 targets in cases previously 
operated using Egyplan database file and recalculated using Naviplan 

file to compare target co-ordinates of both.  
Table 1 shows the stereotactic shift between the 2 calculations for 

each target. The stereotactic shifts ranged from 0.02 mm to 1.68 mm 
with an average vector of 0.47 mm.  

Table 1: Comparison between Egyplan and Naviplan co-ordinates to 
the same target points and the stereotactic distance between them. 

 

Distance 
Egyplan (in mm) Naviplan (in mm) Case 

No Ver AP Lat Ver AP Lat 
1.68 29.39 -20.17 -35.96 30.31 -21.55 -36.24 1 

0.65 -10.77 -12.22 -17.44 -11.18 -11.72 -17.39 2 

0.28 11.84 21.61 -1.99 11.76 21.87 -2.1 3 

0.4 8.79 -22 -4.2 8.49 -21.74 -4.2 4 

1.14 -21.92 55.16 -24.6 -20.88 54.67 -24.66 5 

0.3 23.46 2.5 -31.98 23.22 2.69 -31.94 6 

0.18 25.65 4.04 -42.77 25.5 4.13 -42.71 7 

0.09 -21.98 -0.69 -40.44 -22.03 -0.62 -40.42 8 

0.37 -20.32 -11.02 -17.43 -20.18 -11.36 -17.44 9 

0.73 -28.71 -12.65 -21.7 -28.95 -11.95 -21.71 10 

0.49 -23.58 -7.9 8.33 -23.87 -7.5 8.27 11 

0.05 -15.74 -17.58 -15.13 -15.74 -17.63 -15.13 12 

0.27 -16.94 1.64 -55.49 -17.1 1.84 -55.37 13 

0.16 -9.93 -9.31 -29.82 -9.9 -9.48 -29.82 14 

0.08 -13.38 -6.6 -16.7 -13.34 -6.67 -16.71 15 

0.19 4.67 -1.12 -10.83 4.55 -0.97 -10.83 16 

0.45 14.68 -8 -11.81 14.49 -7.59 -11.81 17 

0.15 -5.94 -29.23 -44.26 -6.03 -29.11 -44.26 18 

0.29 -41.62 2.35 -18.9 -41.57 2.06 -18.91 19 

0.05 -7.19 -1.3 -4.9 -7.15 -1.33 -4.9 20 

0.48 11.62 -28.19 -18.44 11.36 -27.79 -18.4 21 

0.28 11.44 -16.54 -34.42 11.18 -16.45 -34.42 22 

0.22 -14.62 -38.21 -27.92 -14.42 -38.3 -27.93 23 

0.79 -36.84 -11.22 42.88 -37.49 -10.76 42.93 24 

0.24 16.99 -30.07 -39.52 17.23 -30.05 -39.52 25 

0.5 -12.27 -14.71 -6.06 -12.49 -14.25 -6.07 26 

0.61 13.29 35.98 11.11 12.73 36.22 11.07 27 

0.07 31.45 7.82 -9.36 31.47 7.75 -9.37 28 

1.63 -2.16 10.49 -12.92 -1.13 9.23 -12.83 29 
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0.35 -9.82 -33.02 24.96 -9.69 -33.35 24.9 30 

0.09 14.46 -18.58 -15.06 14.39 -18.52 -15.05 31 

0.64 10.79 -41.39 -32 10.45 -40.83 -31.98 32 

0.11 -13.82 8.78 -27.39 -13.82 8.89 -27.42 33 

1.77 -7.73 -8.69 -15.77 -8.51 -7.1 -15.87 34 

0.06 -24.7 -10.25 22.64 -24.65 -10.29 22.65 35 

0.74 31.66 -33.49 -16.1 31.18 -32.92 -16.08 36 

0.17 29.76 -15.04 -5.02 29.61 -14.94 -5.03 37 

0.21 1.33 -14.81 -20.46 1.17 -14.67 -20.42 38 

0.49 12.41 -54.78 -27.64 12.06 -54.42 -27.67 39 

0.38 -19.06 20.18 -15.55 -19.28 20.49 -15.52 40 

0.06 -20.46 35.23 -5.15 -20.49 35.3 -5.15 41 

0.05 2.35 16.2 -16.87 2.39 16.16 -16.87 42 

0.36 12.66 -56.11 -43.28 12.63 -56.47 -43.28 43 

0.13 -11.33 31.43 -49 -11.31 31.57 -49 44 

1.4 29.73 -20.5 -36.63 30.23 -21.81 -36.6 45 

0.44 11.46 21.71 -2.1 11.11 21.97 -2.11 46 

1 23.02 -29.28 26.29 22.36 -28.52 26.21 47 

0.15 -53.81 -23.64 -19.02 -53.87 -23.5 -19 48 

0.09 -11.29 -17.99 11.79 -11.33 -17.91 11.81 49 

1 23.02 -29.28 26.29 22.36 -28.52 26.21 50 

0.09 -11.29 -17.99 11.79 -11.33 -17.91 11.81 51 

0.12 12.52 29.96 8.16 12.43 30.03 8.16 52 

0.19 4.67 -1.12 -10.83 4.55 -0.97 -10.83 53 

0.37 -11.56 -1.51 16.1 -11.81 -1.23 16.1 54 

0.66 -14.99 -31.97 -22.16 -14.89 -31.31 -22.16 55 

0.26 25.64 -29.99 2.38 25.62 -30.25 2.38 56 

0.12 12.89 -37.79 -34.78 12.85 -37.67 -34.77 57 

0.83 7.26 -16.78 -33.8 6.82 -16.07 -33.72 58 

0.62 -2.97 -27.56 -21.98 -2.91 -28.19 -21.97 59 

0.33 -6.42 -35.48 -33.28 -6.37 -35.15 -33.29 60 

0.27 13.48 -17.66 -50.69 13.29 -17.5 -50.58 61 

0.35 24.83 1.1 3.23 24.55 1.33 3.27 62 

0.51 4.43 -17.97 -23.01 4.74 -18.37 -23.11 63 

0.12 12.02 -25.59 -66.22 12.12 -25.65 -66.27 64 

0.12 8.71 23.32 -20.28 8.63 23.42 -20.27 65 

0.72 -15.84 -27.25 -20.23 -16.17 -26.6 -20.26 66 

0.12 6.19 -7.21 -27.83 6.2 -7.33 -27.82 67 

0.05 -7.19 -1.3 -4.9 -7.15 -1.33 -4.9 68 

0.02 -25.96 -18.71 46.14 -25.96 -18.7 46.12 69 

2.27 -31.68 6.41 5.5 -30.09 4.83 5.11 70 

2.31 46.08 -12.25 7.81 47.06 -14.33 8.1 71 

0.06 -24.7 -10.25 22.64 -24.65 -10.29 22.65 72 

0.29 -7.59 8.77 -27.51 -7.75 9.01 -27.53 73 

0.47  Mean 

 
Thirty one patients (13 males and 18 females) with different 

intracranial lesions were subjected to this method. Table 2 shows sex, 
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age, lesion characteristics and presentation of them. 42% were males 

and 58% were females. The patients' age ranged from 1 to 71 years 
with a mean of 34 years. 48.4% of the lesions were cystic and 51.6% 

were solid. The lesions were on the right side in 29%, on the left side 
in 32.2% and midline in 38.7% of cases. The most common 

presentation was contralateral weakness in 13 cases (41.9%) and 
manifestations of raised intracranial pressure (hydrocephalus in 6 

cases and others in 7 cases) in 13 cases (41.9%), followed by, fits in 4 
cases (12.9%), and behavioral changes in 1 case (3.2%). The most 

common site was the thalamus (26.7%) followed by the suprasellar 
region (19.4%). 

Table 2: Sex, age, lesion characteristics and presentation in the 31 
cases included in the study. 

 
Case 

No 
Sex 

Age in 

Years 
Lesion 

Presentation 
Consist Side Site 

1 Male 60 Solid Rt Parietal Fits 

2 Female 11 Cystic Rt Thalamic Lt HPR٭ 

3 Female 8 Cystic Rt Thalamic Lt HPR 

4 Male 37 Cystic Lt Trigonal Headache 

5 Female 1 Cystic Midline Suprasellar HCP٭٭ 

6 Female 28 Solid Lt Thalamic Rt HPR 

7 Female 22 Cystic Midline Suprasellar Visual dist 

8 Female 14 Solid Rt Thalamic Lt HPR 

9 Male 58 Solid Rt Parietal Lt HPR 

10 Female 16 Cystic Midline Suprasellar HCP 

11 Male 27 Cystic Lt Frontal Fits 

12 Female 26 Solid Rt Parietal Lt HPR 

13 Male 55 Solid Midline Suprapineal Behavioral 

14 Female 57 Solid Midline Suprapineal Visual dist 

15 Female 60 Cystic Rt Insular Lt HPR 

16 Female 25 Solid Lt Caudate Headache 

17 Female 46 Solid Lt Frontal Rt HPR 

18 Male 26 Cystic Lt Frontal Rt HPR 

19 Male 12 Cystic Midline Suprasellar Visual dist 

20 Male 62 Solid Lt Insular Fits 

21 Male 71 Solid Lt Trigonal Visual dist 

22 Female 9 Cystic Midline Suprasellar HCP 

23 Male 50 Solid Lt Thalamic Rt HPR 

24 Female 49 Solid Lt Thalamic Rt HPR 

25 Female 33 Solid Rt Thalamic Lt HPR 

26 Female 42 Solid Medline Pineal HCP 

27 Male 28 Solid Midline Genu HCP 

28 Male 10 Cystic Midline Brain Stem HCP 

29 Female 62 Cystic Midline Frontal fits 

30 Female 35 Cystic Rt Thalamic Lt HPR 

31 Male 14 Cystic Midline Suprasellar Visual dist 

Mean M12/ F18 34 Y C15/S16  

 HCP: Hydrochephalus ٭٭   .HPR: Hemiparesis ٭
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Table 3 shows the radiological distances between the 3 points 

refereeing to the spheres' centers as well as the manually derived 
stereotactic distances and the deference in calculations. The 

differences ranged from 0.06 mm to 10.17 mm. Of notice is that the 
mean deference is the least between the pre-auricular spheres (1.78 

mm) than the others although the mean distance between these 
spheres' centers was the longest compared to the others.  

Table 3: Radiological and manually derived stereotactic distances 
between the 3 spheres' centers. 

 
Case 

No 
P1 to P2 Distance in mm P1 to P3 Distance in mm P2 to P3 Distance in mm 

Radio Stereo Def Radio Stereo Def Radio Stereo Def 
1 151.42 147.29 4.13 107.51 111.57 4.06 114.72 113.58 1.14 

2 127.42 132.47 5.05 101.63 107.84 6.21 102.33 108.54 6.21 

3 127.5 130.06 2.56 100.03 101.51 1.48 100.2 102.21 2.01 

4 138.24 138.65 0.41 110.12 111.34 1.22 113.18 118.52 5.34 

5 126.39 130.18 3.79 98.14 97.91 0.23 103.64 104.56 0.92 

6 134.18 137.07 2.89 113.06 118.46 5.4 112.94 119.66 6.72 

7 133.46 136.14 2.68 104.8 109.18 4.38 106.83 115.27 8.44 

8 139.26 140.1 0.84 112.11 117.46 5.35 110.88 116.12 5.24 

9 155.3 158.67 3.37 131.89 140.39 8.5 122.71 132.88 10.17 

10 135.81 137.29 1.48 105.71 106.64 0.93 94.38 97.24 2.86 

11 146.63 148.32 1.69 100.35 98.53 1.82 106.36 105.99 0.37 

12 134.89 135.25 0.36 98.09 101.28 3.19 105.46 108.49 3.03 

13 132.55 134.71 2.16 99.34 103.79 4.45 100.9 105.28 4.38 

14 142.54 145.58 3.04 104.39 109.45 5.06 98.51 105.74 7.23 

15 129.29 132.4 3.11 101.67 106.92 5.25 99.79 109.24 9.45 

16 130.9 131.81 0.91 106.21 111.31 5.1 100.77 104.29 3.52 

17 141.69 145.49 3.8 105.62 113.09 7.47 108.38 114.64 6.26 

18 154.04 158.09 4.05 123.51 133.24 9.73 128.4 137.93 9.53 

19 129.87 133.13 3.26 108.85 117.9 9.05 104.59 108.8 4.21 

20 146.23 148.17 1.94 123.82 133.42 9.6 130.98 140.07 9.09 

21 148.63 142.31 6.32 128.08 131.15 3.07 130.47 131.58 1.11 

22 121.56 125.39 3.83 110.78 118.14 7.36 100.27 105.91 5.64 

23 138.59 142.78 4.19 118.32 122.93 4.61 120.6 126.25 5.65 

24 142.73 143.5 0.77 115.53 115.94 0.41 117.31 122.08 4.77 

25 133.15 134.97 1.82 115.98 119.24 3.26 113 116.5 3.5 

26 141.77 143.45 1.68 117.05 121.18 4.13 110.69 114.16 3.47 

27 146.76 147.74 0.98 122.26 123.15 0.89 122.39 123.35 0.96 

28 133.63 132.8 0.83 113.69 113.48 0.21 114.27 116.43 2.16 

29 128.28 130.78 2.5 109.79 115.13 5.34 106.12 113.7 7.58 

30 130.29 130.35 0.06 112.44 113.08 0.64 104.7 109.84 5.14 

31 154.75 158 3.25 120.99 124.69 3.7 114.18 119.57 5.39 

Mean 137.99 139.77 1.78 111.02 115.14 4.12 110.32 115.11 4.79 

 

The diagnostic yield is the percentage of biopsies with a definitive 
histopathological diagnosis [9]. In this study the diagnostic yield was 

100% for all cases. Table 4 shows the site and histopathology results 
of the solid lesions studied. The most common site of lesions was in 

the thalamus. The histopathology results revealed that in descending 
order of frequency the solid lesions were astrocytoma grade II in 8 
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cases, glioblastoma multiform in 5 cases. Astrocytoma grade I and 

grade III and pineal tumor grade I each were found in 1 case. 

Table 4: Solid lesions included in the study. 

 
Case No Site Histopathology 

1 Rt Parietal AST٭ WHO G III 

6 Lt Thalamic AST WHO G II 

8 Rt Thalamic AST WHO G II 

9 Rt Parietal AST WHO G II 

12 Rt Parietal GBM  WHO G IV 

13 Suprapineal AST WHO G II 

14 Suprapineal AST WHO G II 

16 Lt Caudate GBM  WHO G IV 

17 Lt Frontal GBM  WHO G IV 

20 Lt Insular AST WHO G II 

21 Lt Trigonal GBM  WHO G IV 

23 Lt Thalamic AST WHO G II 

24 Lt Thalamic GBM  WHO G IV 

25 Rt Thalamic AST WHO G II 

26 Pineal Pineal tumor Grade II 

27 Genu AST WHO G I 

 .AST : Astrocytoma٭ 

 
Table 5 shows the volume, consistency and histopathology results of 

the cystic lesions studied. In 5 cases the aspirated volume was larger 
than the estimated volume and in 6 cases less than the estimated 

volume while it was the same volume in 4 cases.  

Table 5: Cystic lesions included in the study. 

 

Case 

No 
Procedure 

Lesion 
Volume (ml) 

Color Histopathology 
Estimated Aspirated 

2 Aspiration 4 4 Pus Brain Abscess 

3 Aspiration 12 15 Xanthochromic AST WHO G II 

4 Aspiration 40 35 Xanthochromic AST WHO G III 

5 Omya Res 250 100 Engine Oil CPG٭ 

7 Omya Res 15 12 Oily CPG 

10 Omya Res 18 10 Engine Oil CPG 

11 Aspiration 4 6 Pus Brain Abscess 

15 Aspiration 8 10 Xanthochromic GBM٭٭ WHO G IV 

18 Aspiration 12 15 Pus Brain Abscess 

19 Omya Res 50 90 Oily CPG 

22 Omya Res 25 25 Engine Oil CPG 

28 Aspiration 12 10 Xanthochromic AST WHO G I 

29 Aspiration 2 2 Xanthochromic AST WHO G III 

30 Aspiration 2 2 Pus Brain Abscess 

31 Omya Res 42 25 Engine Oil CPG 
Mean Mean 33.1 24.1  

 GBM : Glioblastoma Multiform ٭٭ ,CPG: Craniopharyngioma ٭
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The histopathology results revealed that in descending order of 

frequency the cystic lesions were craniopharyngioma (6 cases), 
astrocytoma (5 cases) and brain abscess (4 cases). 

 
Table 6 shows the histopathology results of all the studied cases. The 

most common lesion was astrocytoma grade II in 9 cases (29%) 
followed by glioblastoma multiform in 6 cases and craniopharyngioma 

in 6 cases (19.4% for each). Others were brain abscess in 4 cases 
(12.9%), astrocytoma grade III in 3 cases (9.7%), astrocytoma grade 

I in 2 case (6.5%) and pineal tumor grade II in 1 case (3.2%). 

Table 6: Summary of histopathology results in the 31 cases.  

 
Pathology cases 

Astrocytoma Grade I 2 

Astrocytoma Grade II 9 

Astrocytoma Grade III 3 

Glioblastoma Multiform 6 

Craniopharyngioma 6 

Pineal tumor Grade I 1 

Brain Abscess 4 
Total 31 

 

In one patient (case No 4) there was slight intra-operative bleeding 
which extended in the Lt lateral ventricle and it was not related to 

targeting errors as shown by the postoperative CT brain and the 
histopathology results. The patient was confused and improved 

gradually without any new deficit. No other neurological complications 
were found in this series. 

 
Discussion:  

We will discuss the accuracy, the safety and the applicability of this 
new pinless frame-based stereotactic procedure. 

 The accuracy 
The following aspects can affect the procedure accuracy: 

First, Naviplan file calculation accuracy: 

Quiñones-Hinojosa et al in 2006, found that for the frame-based CRW 
(which is considered accurate for use in functional stereotaxy) the 

mean error from the actual target was 1.03 +/- 0.19 mm and the 
mean target localization error vector was 2.23 +/- 0.14 mm [5].  

In a study of 41 targets, the stereotactic shifts between Stereocalc 
software and Egyplan derived co-ordinates ranged from 0.22 mm to 

1.41 mm. The average vector of shift was 0.59 mm [4].  
In this study of 73 targets the stereotactic shifts between Naviplan and 

Egyplan derived co-ordinates, as shown in table 1, ranged from 0.02 
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mm to 1.68 mm with an average vector of 0.47 mm. It can be 

assumed that these shifts are practically acceptable. 
For more safety, we attached test target to evaluate the accuracy of 

Naviplan. In the first 3 patients, we used test targets attached to the 
patient scalp to insure the accuracy of calculations by targeting them 

before the intended intracranial targets. 
The diagnostic yield of stereotaxy ranges between 80 and 99% [7-9]. In 

this study, 100% diagnostic yield of the histopathology results proves 
the Naviplan calculation accuracy. 

Second, stability of the scalp spherical marks: 
The scalp marks were chosen as tunneled radio-opaque spheres with 

constant radius (3 mm) as shown in figure 1. Their centers are readily 
detectable in the CT images with the help of these tunnels as shown in 

figure 2.  
To minimize the possibility of displacement in relation to the skull, 

they were attached over the scalp and two of them were fixed just 

anterior to the auricles where the scalp is least liable to glide over the 
skull and the 3rd sphere was attached midline above the glabella.  

During CT scanning the patient is instructed to avoid moving the head 
or forehead skin and hence the anterior mark in relation to the skull to 

stay similar to its position during intraoperative registration. All the 
sphere sites were marked on the scalp with a pen marker to detect 

any significant displacement during the procedure. 
We calculated the distances between mark centers depending on 

radiological data and again using manually derived stereotactic data 
and compared these distances to detect any significant displacement 

during the procedure. As shown in table 3, the mean deference was 
the shortest for (point 1 to point 2) distances (1.78 mm) ranging from 

0.06 mm to 6.32 mm although the mean distance between these 
points was the longest both radiologically (137.99 mm) and 

stereotactically (139.77 mm) compared to the other distances. This 

can be explained by the fact that the scalp is more firmly adherent to 
the skull arround the auricles making sphere displacement less liable.   

Third, registration of the spherical marks to the frame: 
In my opinion, this step is the weakest point in this procedure. This is 

because I use part of the Radionics arc (figure 5) to manually register 
spherical marks to the frame cartesian co-ordinate system. Even slight 

intrapersonal variations are inevitable and affect the resulting target 
co-ordinates as shown in table 3. One can suggest using the whole 

Radionics arc for more accurate registration but this way will be time 
consuming and increases the liability of head movement during the 

procedure leading to less accurate results. The mean differences 
shown in table 3 are attributed mainly to the errors of manual 

stereotactic registration although slight displacements of the spheres 
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may have a role. Based on these depicted differences, we recommend 

that the targets should be at least 2 ml in volume to be approached by 
the current method to overcome these problems till better registration 

method is applied. 

 The safety 

Movement of the head after registration of the spheres can occur. In 
one procedure, one patient moved his head just after registration of 

the spheres because of anesthesia wear off and forced us to repeat the 
registration step after anesthesia control. This shows the importance 

of deep anesthesia in the procedure. It is of atmost importance that 
the head doesn't move while the biopsy needle is inside the brain 

because the brain will move against a fixed needle which can cause 
catastrophic brain injury. Every effort should be done to avoid this 

problem. 
We repeated surgical field sterilization before and after registration to 

guard against infection. In fact there was no surgery related infection 

in this series. 
In one patient (case No 4) there was slight intra-operative bleeding 

which extended in the Lt lateral ventricle and it was not related to 
calculation errors.  

 The applicability 
We present 4 examples where stereotaxy using pin fixation was not 

applicable and the new pinless method was used: 
In the first example (Case No 2, 11 years old female having a small 

right thalamic cystic lesion) the frame fixation failed after the initial 
steps of a classic frame based stereotactic procedure were done 

including CT brain scanning because of her small sized head. Her 
radiologically estimated lesion volume was about 4 ml and we decided 

to do the operation with this new pinless method. 
In the second example (Case No 5, 1 year old female with suprasellar 

cystic lesion) the skull was not rigid enough to hold the pins so pin 

fixation was not suitable. We decided to insert Omya reservoir using 
this pinless method. 

In the third example (Case No 6, 28 years old female with left thalamic 
intra-axial mass) the trial of pin fixation was accompanied with sever 

attacks of vomiting that forced us to cancel the operation and her 
vomiting lasted for more than 12 hours and, in the next surgical list, 

we decided to do the operation with the pinless technique. 
In the fourth example (Case No 31, 14 years male with a recurrent 

suprasellar cystic lesion) a previous frontal craniectomy defect made 
pin fixation for stereotaxy unsuitable. We inserted Omya reservoir for 

him using this pinless technique. 
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Advantages of the pinless method over pin fixation: 

1. It avoids painful pin fixation and its hazards including penetration 
injuries and intubation difficulties. 

2. It can be applied in infants with soft skulls. 

3. It can be applied in patients with small skulls and in those 

patients with cranial defects who can't hold stereotactic pins. 

4. It can be easily relocated when needed. For example when a cyst 

recollects at the same site. 

Restrictions of the current method: 

1. When the target is near to the cranial vault, it is important to 
choose a suitable entry point either with a CT mark during the 

same procedure or during the operation in a special step. If the 
entry point is away from the target that is near the cranial vault, 

the trajectory may not be suitable. 

2. I recommend that the targets should not be less than 2 ml in 

volume to overcome registration errors by the current method. 

Better registration can help to accurately approach smaller 
targets. 

3. The position of the sphere marks link may restrict the burr hole 
site but the marks can be fixed to the scalp with a glue to avoid 

this when needed. In this series we didn't need such burr holes. 

4. The current method is not suitable for functional targets until 

better registration method is available making it comparable to 
frameless stereotaxy. 

 
Conclusion: Frame-based pinless stereotaxy with Naviplan is save, 

accurate and easier for the patients, and can be useful in situations 
where rigid pins can't be applied. 
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 ملخص الثحث

 عنىان الثحث:

  .إطار تذون مساميرالمستنذج إلى المجسمح  المخ جراحح

 :الثاحث

  سىهاج جامعح –مذرس جراحح المخ والأعصاب تكليح الطة  –عاتذيه خيرالله قاسم / دكتىر 

 مقذمح:

بذقث ينٍ لان ل خيةٛنح  انذياغٛث اٜفاج انٕصٕل إنٗانًسدُذت إنٗ الإطاس إنٗ جشاحث انًخ انًجسًث  خٓذف

 خيةٛحٔٚعذ إنٗ ْزا الإطاس خهٛٓا جشاحث يٕجٓث بّ. ث انذياغٛإطاس إنٗ انجًجًث بًسايٛش ٔإحانث الأْذاف 

كًنا فننٙ قننذ ٚننٌٕ ينٍ اناننعا انهٛناو بننّ ًؤنًنث فننٙ انعًهٛنث ٔفنٙ بعننت ان نا ج انخطننٕت انًسنايٛش ْنٕ ان

الأطفال اناغاس رٔ٘ انجًاجى انًشَث أٔ اناغٛشت أٔفٙ انًشضٗ اننزٍٚ ٚعنإٌَ ينٍ بٛنٕر غٛنش يُا نةث 

  فٙ انعذٚذ يٍ انًشاكض.جٓاص جشاحث انًخ انًجسًث ٕجذ احٛث ألاشٖ،   ٚ. يٍ َبانجًجًث أٔ خشبُث  ابهث

 :الهذف

بشَناي  قابنذت  با ندخذاوجشاحث انًخ انًجسًث انًسدُذت إننٗ إطناس بنذٌٔ يسنايٛش  فٙندهٛٛى خهُٛدُا انجذٚذت 

  ، َافٛة ٌ.ياًًث شخاٛابٛاَاج 

 سالية:الأ

إنننٗ انجًجًننث ٔٚنندى إحانننث انٓننذف  شننعث انًهطعٛننثصننغٛشت ًٚنننٍ ساٚدٓننا بالأثنن ذ ب ينناج كشٔٚننث  َيةننح

ثننى ٚنندى خسننجٛم انع ينناج إنننٗ الإطنناس ٔٚنندى َهننم إنننٗ َمنناو الإحننذاثٛاج انذٚناسخٛننث بهننٗ أ ا ننٓا. انننذياغٙ 

َماو الإحذاثٛاج انناسخٛض٘ إنٗ يٍ َماو الإحذاثٛاج انذٚناسخٛث بهٗ أ اط ْزت  انع ياج   انٓذفيشاجع 

  و يهف قابذت بٛاَاج ياًًث شخاٛا )َافٛة ٌ(.بهٗ الإطاس با دخذا انًةُٙ

 النتائج:

انجشاحنث أٔ الأشنعث بعنذ  أثُنا إيا أدنث  فٙ جًٛع انًشضٗ ا دخذيحٔ، يشٚضا نٓزِ انطشٚهث  13خعشض 

ٔا شنعث انًهطعٛنث  انذياغٛنث انسناةهث خفشٚن  اٜفناج أكنذ حاننث 31فٙ ٔ .الإ دٓذاف ث نهدأكذ يٍ دقثانجشاح

 ف ن أظٓشج ا شعث انًهطعٛث بعنذ انعًهٛنث انجشاحٛنث ٔكنزن  بًُٛا حٛث دقث الإجشا . ، بعذ انعًهٛث انجشا

  بذقث يهةٕنث. حانث يٍ اٜفاج انذياغٛث اناهةث أَٓا ا دٓذفح 31فٙ  انًسدخشجثالأَسجث 

 ستنتاج:الا

دقٛهننث ٔ ٔآيُننثَننافٛة ٌ  ننٓهث  جشاحنث انًننخ انًجسننًث انًسنندُذت إنننٗ الإطنناس بننذٌٔ يسننايٛش با نندخذاو يهننف

 .خيةٛح انًسايٛش فٛٓافٙ ان ا ج اندٙ   ًٚنٍ لااصث ًٔٚنٍ أٌ خنٌٕ يفٛذت 

  الكلماخ الإفتتاحيح:

 نندٓذاف ث ثننٙ الأبعنناد ،آفنناج انننذياا انعًٛهننث، انجشاحننث ا ،  جشاحننث انًننخ انًجسننًث بننذٌٔ يسننايٛش

  انًجسًث.


